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SECTION FOUR: THE FUTURE

Chapter 16
Offshore and Onshore Safety Regimes

Introduction

16.1 In this chapter I will give by way of background to the following chapters a
brief outline of the existing UK offshore safety regime and, since comparison with
them has been of assistance to me, the UK onshore safety regime and the Norwegian
offshore safety regime. A complete account is not practicable. I will concentrate on
aspects which were of most relevance to the issues discussed in Part 2 of the Inquiry.
I heard the evidence of Mr ] R Petrie, Director of Safety, PED, and Mr R ] Priddle,
Depurty Secretary at the Department of Energy since September 1989; Mr J Rimington,
Director General of the HSE and Mr D J Hodgkins, Director of the Safety and
General Policy Division, HSE; and Mr M Ognedal, Director of the Safety and
Working Environment Division, NPD since 1980; in addition to the evidence 1n Part
1 of Mr F H Atkinson, Manager of the Offshore Division, Lloyd’s Register of
Shipping. This chapter ends with some remarks on future trends in offshore operations
in the North Sea, in the light of evidence given by Dr B G S Taylor, Director of
Technical Affairs, UKOOA.

The UK offshore safety regime

16.2 Exploration and production licences are subject to model clauses prescribed by
regulations under the Petroleum (Production) Act 1934 (PPA) as applied to the areas
of the continental shelf which are subject to UK jurisdiction. The clauses which are
concerned with safety require licensees to (i) obtain the consent of the Minister to the
drilling or abandonment of a well; (ii) execute all operarions in accordance with good
oilfield practice; and (iit) comply with instructions given by the Minister for the health,
safety and welfare of persons employed in or about the area to which the licence
relates. However, in the light of the MWA, which was specifically designed to cater
for offshore safety, the main significance of the clauses is in regard to the minimising
of the risk of a well “blowout”. The regulations also require the identification
and approval of the “operator’” which for practical purposes is to discharge the
responsibilities of the licensees.

The Mineral Workings (Offshore Installations} Act 1971 (MW A)

16.3 The MWA was enacted as a consequence of the investigation of the collapse of
the exploracion rig “Sea Gem” in 1965 and the recognition that arrangements based
on the PPA were not appropriate for the purposes of securing offshore safety. The
MWA, as amended, inter alia:

(1) required the registration of offshore installations (Sec 2).

(i) empowered the Secretary of State 1o make regulations “requiring offshore
installations or parts of offshore installations to be certified by such persons
and in such manner as may be provided by the regulations to be, in respect of
such matters affecting safety as may be so provided, fit for the purpose or
purposes specified by the regulations ...”" (Sec 3(1)).

(iii) empowered him to make regulations “for the safety, health and welfare of
persons on offshore installations ... and generally, and whether or nor by way
of supplementing the preceding sections of this Act, for the safery of such
installations and the prevention of accidents on or near them”; and to appoint
as inspectors to discharge the funcrions conferred by the regulations, and
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generally to assist him 1n the execution of the Act, “‘such number of persons
appearing to him to be qualified for the purpose as he may from time to time
consider necessary or expedient ...”", (Sec 6).

(iv) required the appointment of an OIM who was given a general responsibility
for safety, health and welfare and for maintaining discipline and order (Secs 4
and 5).

16.4 Under the MWA an “offshore installation’’ includes any floating structure or
device mantained on station by whatever means; and any pipeline works or apparatus
deemed to form parrt of it, such as those covered by the Included Apparatus or Works
Order; but did not otherwise include any part of a pipeline (Sec 1(5)). The MWA
also made provision for a power on the part of the Secretary of State 1o give directions
for the exemprtion of jnstallations from the operation of regulations made under it (Sec
7).

16.5 Prior to the disaster a number of sets of regulations on specific subjects had
been made. The most relevant for present purposes were the Inspectors and Casualties
Regulations in 1973; the Construction and Survey Regulations in 1974; the Operational
Safety, Health and Welfare Regulations and the Emergency Procedures Regulations
in 1976; the Life-saving Appliances Regulations in 1977; the Fire Fighting Equipment
Regulations in 1978; and the Well Control Regulations in 1980.

The Petroleum and Submarine Pipe-lines Act 1975 (PSPA)

16.6 A separate regulatory system was set up for offshore pipelines by the PSPA in
1975, under which the construction and use of such pipelines required authorisation
by the Secrerary of State. This involved considerations of planning and safety. He
was also empowered to make regulations for the safe construction and operation of
pipelines and the safety, health and welfare of pipeline workers; and the appointment
of inspectors to enforce the regulanons. Prior to the disaster regulations had been
made under the PSPA on a number of subjects including diving operations and
inspecrors.

The Health and Safery at Work etc Act 1974 (HSWA)

16.7 In the meantime the HSWA was passed in 1974. This Act arose out of the
report of the Robens Committee in 1972 (Cmnd 5034). That committee identified a
number of major defects in the then existing statutory system for the advancement of
safety and health. According to them rhe first and perhaps most fundamental was that
there was too much law. This had had the unfortunate effect of conditioning people
to think of safety and health at work as in the first and most important instance a
matter of detailed rules imposed by external agencies.

“The matter goes deeper. We suggested at the outset that apathy is the greatest
single contributing factor to accidents ar work. This attitude will not be cured so
long as people are encouraged to think thar safety and health at work can be ensured
by an ever-expanding body of legal regulations enforced by an ever-increasing army
of inspectors. The primary responsibility for doing something about the present
levels of occupational accidents and disease lies with those who create the risks and
those who work with them. The point is quite crucial. Our present system encourages
rather too much reliance on state regulation, and rather too lirtle on personal
responsibility and voluntary, self-generating effort. This imbalance must be redres-
sed. A start should be made by reducing the sheer weight of the legistation. There
is a role in this field for regulatory law and a role for Government action. But these
roles should be predominantly concerned not with dertailed prescriptions for
imnumerable day-to-day circumstances but with influencing artitudes and with
creating a framework for better safety and health organisation and action by industry
itself.” (para 28).

256



The second main defect was thar too much of the existing law was intrinsically
unsatisfactory. The committee referred to problems created by unintelligibility and
obsolescence. Further, the great bulk of the existing provisions were concerned with
physical circumstances.

“Bur it has Jong been widely accepted that equally important factors in safety and
health at work are the attitudes, capacities and performance of people and the
efficiency of the organisational systems within which they work. This is not yet
adequately reflected in the legislation. As a result, much of the Jegislation appears
irrelevant to the real, underlying problems.” (para 30).

A rthird major problem area identified by the comumittee was the fragmentation of
administrative jurisdictions and the absence of a clear and comprehensive system of
official provision for safety and health at work. As regards the objectives of future
policy the commirtee observed:

“The most fundamental conclusion to which our investigations have led us is this.
There are severe practical limits on the extent to which progressively better srandards
of safety and health at work can be brought about through negarive regulation by
external agencies. We need a more effecuvely self-regulating system. This calls for
the acceptance and exercise of appropriate responsibilities at all levels within industry
and commerce. It calls for berter systems of safety organisation, for more management
initiatives, and for more involvement of work people themselves. The objectives of
future policy must therefore include not only increasing the effectiveness of the
state’s contribution to safety and health at work but also, and more importantly,
creating conditions for more effective self-regulation.”” (para 41).

16.8 The HSWA made provision with a view to the progressive replacement of
specific Acts and instruments relating to health and safety by a system of regulations
and approved codes of practice. It imposed on an employer a duty “to ensure, so far
as is reasonably practicable, the health, safety and welfare at work of all his employees”
and “to conducrt his undertaking in such a way as to ensure, so far as is reasonably
practicable, that persons not in his employment who may be aflected thereby are not
thereby exposed to risks to their health or safety” (Secs 2 and 3). It established the
Health and Safety Commission (HSC) as the body responsible for effecting the general
purposes of the Act; and it established the Health and Safety Executive (HSE) as the
body generally responsible for the enforcement of health and safety legislation and for
exercising on behalf of the HSC such of its funcrions as the HSC directed it to exercise.
For the purposes of enforcement provision was made for the appointment of inspectors,
whose powers included the service of improvement and prohibition notices. The
province of the work of the HSE excluded certain areas of industrial and technological
hazard such as consumer and food safety and transport other than that of hazardous
goods.

16.9 So far as health and safety offshore were concerned there were two differences.
First, the HSWA did not apply outside Great Britain until an Order in Counci) so
provided. Second, the HSWA did not rreat the MWA or regularions made under it
as part of the legislation which was subject to progressive replacement, despite the
fact that the Robens Committee thought that they should be brought within the unified
system “‘perhaps as a second stage after the main arrangements have been rackled -
unless very sound reasons can be adduced for leaving them outside”. (Para 109). It
appears that this exclusion may have been influenced by a comparison between ships
and installations, and in particular mobile installations, in respect of the hazards to
which they were subject.

16.10 On 30 July 1976 the Prime Minister made a stacement that the Government
had decided that the HSWA should be extended to cover workers engaged in the
offshore oil and gas industry, including divers, so that one agency, the HSC, would
be responsible for ensuring that common standards of occupational safety were applied
both on and offshore. However, in view of the knowledge and experience developed
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by the DEn (which had come into separate existence in 1974) on the technical aspects
of structural safery and “blowour’’ risks, the Secretary of State for Energy would
retain his existing responsibilities for safeguarding offshore workers against such
dangers. The responsibility for inspecting offshore installations would remain with
the PED, which would act as the agent of the HSC as regards occupational safety.

16.11 The HSWA (except Part I1I) was extended to the UK territorial waters and
the UKCS by an Order in Council in 1977 (in 1989 superseded by a similar Order).
However the regulations made under the HSWA were not to apply there except in so
far as the rcgulations expressly so provided (Sec 15(9) of the HSWA). Prior to the
disaster 7 sets of regulations dealing with particular types of hazard were given this
extended effect. The only set of regulations which has so far been made under the
HSWA which applies only to ofishore operations is the Offshore Installarions and
Pipeline Works (First Aid) Regulations 1989.

16.12 Following the Prime Minister’s statement the HSC in pursuance of its powers
under Sec 13(1)(a) of the HSWA entered into an agency agreement with the Secretary
of Scate for Energy dated 1 November 1978.

The report of the Burgoyne Commirtee

16.13 In view of the increasing level of offshore activity the Secretary of State for
Energy in 1978 appointed a committee under Dr J H Burgoyne “To consider so far
as they are concerned with safety, the nature, coverage and effectiveness of the
Deparument of Energy’s regulations governing the exploration, development and
producrion of oil and gas offshore and their administration and enforcement. To
consider and assess the role of the certifying authorities. To present its report,
conclusions and any recommendations as soon as possible.”’ In practice the Committee
found it necessary to consider the work of other bodies under other legislation, and
in particular the HSWA. In their report, which was submitted in 1980 (Cmnd
7866), the Committee made the following recommendations under the heading of
“Administration and Enforcement’:

“6.5 The Government shall discharge its responsibility for offshore safety via a
single Government agency whose task is to set standards and ensure their achievement
(4.10).

6.6 We consider that the Department of Energy is capable of discharging this
responsibility eflfectively, provided it is suitably strengthened and seeks advice from
other bodies on matters of common concern. The strengthening is to provide the
ability to monitor and where necessary set safety standards in relation to the
selection, training and gualification of offshore personnel (5.130), and to acquire
additional expertise in matters of occupational safety generally (4.24). The principal
sources of advice to which we refer are the Department of Trade on marine safety,
the Civil Aviation Authority on aviation safety and the HSE on occupational safety
(4.11).

6.7 We recommend that the Deparunent of Energy should continue its policy to
employ an inspectorate consisting of well-qualified and industrially-experienced
individuals, capable of a broad burt authoritative approach to their monitoring and
enforcement functions (4.39). We further recommend that inspectors should be
given the resources to conduct independent technical investigations into failures
and accidents (Appendix 15).”

These recommendartions will be considered further in Chapters 21 and 22. A note of
dissent was attached to the report by 2 members of the Committee who argued that
as a matter of principle the responsibility for occupational health and safety in any
industry should not be held by the department with policy responsibility for that
industry; and that if there was to be a single agency for offshore safety it should be
part of the HSE.
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16,14 The Government’s reply to these recomumendations, in a statement deposited
in the libraries of both Houses of Parliament on 3 November 1980 was as follows:

“Accepted in principle.

The Prime Minister bas decided that the Secretary of State for Energy should take
over the present responsibility of the Secretary of State for Employment for
occupational health and safety offshore under the provisions of the Health and
Safety at Work etc Act 1974. This means that the Secretary of State for Energy will
in future carry sole Ministerial responsibility for all aspects of offshore safetry, save
for the responsibility for the safety of ships and seafarers engaged in offshore work,
which will remain, as the report recommended, with the Secretary of State for
Trade. In discharging this responsibility, the Secretary of State for Energy will be
advised on policy matters (including the need for any new legislation) by the Health
and Safety Comumnission (HSC), who will in turn look to the Petroleum Engincering
Division (PED) of the Department of Energy for advice. HSC’s role will be extended
to include advice on structural safety and safeguards against fires, blowourts and
other operating emergencies offshore, (on which advice has previously been given
to Ministers direct by PED).

In the case of diving safety, PED and the Health and Safety Executive (HSE) have
worked closely together in the production of Unified Diving Regulations which will
soon be issued. Advice to the HSC on diving matters will continue to be given
jointly by PED and HSE.

PED will continue to enforce the requirements of the Mineral Workings (Offshore
Installations) Act 1971 and the Petroleum and Submarine Pipe-lines Act 1975, and
to act as the agents of the HSE in enforcing offshore the requirements of the Health
and Safery at Work etc Act 1974. Responsibility for enforcing the HSW Act in
connection with pipeline works will be transferred from HM Facrory Inspectorate
o PED.

PED will be strengthened by the transfer of Inspectors from HSE both for policy
and enforcement work on occupational health and safety offshore.

The Government believes that these arrangements will enable the development of
offshore safety policy and the enforcement of safety standards to be developed in
the most efficient and effective way.”

16.15 Following this reply a2 new agency agreement was made with effect from 1
June 1981. This was implemented by arrangements outlined in correspondence
between the HSE and the PED, in particular in a letter dated 23 March 1982. In
addition to providing for the continued enforcement of the HSWA and its regulations
on behalf of the HSE it outlined arrangements for (i) advice from the PED 1o the
HSC and the HSE on diving operations and the safety of workers on installations; (ij)
the development of health and safety regulations for submission to the HSE and the
HSC; (ii1) the appointment and training of inspectors; and (iv) the presentation of
annual programmes of, and reports upon, work undertaken under the agency agreement.
The agency agreement provided a channel for the exchange of information and advice
between the HSE and the PED, principally at the instance of the latter. The HSE
provided training courses, workshops and the secondment of personnel.

The orgamisation and functions of the Safety Divectorate of the PED

16.16 Mr Priddle stated thar in the light of the legislative framework the DEn saw
its role as ‘“developing appropriate standards and controls within that framework;
monitoring and enforcement of compliance with the legal requirements; promoring
the interests of safery generally through the development and dissemination of
information and advice”. Much of this work is carried out by the Safety Directorate
of the PED which was not formed unrtil 1987, under Mr Petrie as its first Director of
Safetv. Prior to that time various safery functions were performed in 5 out of the 6
branches into which the PED was then divided.



16.17 The work of the Safety Directorate (see Fig 15.1) is performed by the following
branches:

(1) the Insrallations and Well Engineering Branch. This specialist branch is
concerned with (a) consents for exploration and appraisal wells offshore; all
onshore wells; and offshore development wells; and (b) the safety of offshore
structures and their equipment through the development of guidance for
certifying authorities and the DoT, and monitoring the work of those bodies.
It also handles the registration of installations, the issue of well control
certificates and considers regulations and guidance for abandonment operations.

(ii) the Inspections and Operations Branch. This specialist branch is concerned
with the health, safety and welfare of offshore workers and the protection of
the marine environment. The work of inspectors from the Aberdeen and
London offices has already been mentioned in Chapter 15. Further sections
deal with general issues of occupational health and safery, the prevention of
pollution, security of installations and contingency planning. This branch also
maintains liaison with the Marine Directorate of the DoT in regard to life-
saving appliances and other maririme matcters such as standby vessels.

(ii1) the Pipelines Branch. This specialist branch is responsible for authorising the
construciion of, and enforcing safety regulations in respect of, pipelines under
the PSPA. It also fulfils a similar function in respect of onshore pipelines on
behalf of the HSE under a separate agency agreement. Enforcement involves
monitoring the implementation of qualjty assurance programmes and undertak-
ing a technical evaluation of a sample of key areas.

(iv) the Diving Branch. This support branch seeks 1o promote the health, safety
and welfare of divers in relation to inscallations and pipelines.

(v) the Research and Development Branch. This support branch commissions and
manages all research for other branches. The current research programme
involves an expenditure by the Department of Energy of about £6m per
annum.

(vi) the Safety Policy Branch. This branch provides assistance to the Director in
developing safety policy and straregy; carrying out an on-going review of
legislation; preparing the annual plan and report for submission to the HSE;
and administering requests for exemprtion from regulations under the MWA.

16.18 From the above it ¢an be seen that the Safery Directorate performs a number
of funcrtions in addition to that of monitoring and enforcing compliance by operators
with the relevant legislation. It audits and provides guidance 10 the certifying authorities
and the DoT. It grants consents in respect of wells and authorises the construction
and use of pipelines. It should also be added that it is consulted about, and can express
reservarion on safety grounds in regard to, stages in the licensing system, namely (i)
the issue of licences; (i) the approval of operators; and (iii) the approval of development
plans at the “Annex B” stage.

16.19 The Safety Directorate employs about 45 specialist staff. 1f those employed
by the certifying authorities and the DoT are included the total would be about 300.
As part of a “devolved system” the Direcror of Safety is responsible for all policy
issues within his field of acrivity. The other part of the PED 1is the Exploration
Appraisal and Development Unit (EADU) which maintains control over exploitation
of resources in the UKCS. The PED is one of 8 divisions reporting to the Deputy
Secretary. Central management issues are decided by a management board on which
he sits along with the Principal Establishment and Finpance Officer under the
chairmanship of the Permanent Under-Secretary. This board covers the zallocation of
funds to the varijous divisions. Mr Priddle said that by vircue of his wider responsibilities
and his contacts with persons at a more senior level in the outside world he would
bring a wider experience to bear on the development of policy and would intervene
as and when he felt it necessary, for example in his discussions wich Mr Petrie as to
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the current functioning of the Safety Directorate. Mr Petrie himself was in a position
of being abie to discuss any martter of concern directly with Ministers should he think
this necessary. Mr Priddle also said that he regularly discussed matters of policy with
the head of the PED.

Links berween the PED and the HSC and the HSE

16.20 As stated above the PED is responsible to the HSC for the enforcement of the
HSWA and its regulations offshore and for providing advice for offshore safety in
general. The HSE is not responsible for health and safety policy offshore, but the
HSC is. Each year the PED is expected to submit to the HSC for their approval a
programme of work for the next financial year and an outline forward programme for
the next 5 financial years. It is also expected to submit each year to the HSC a report
outlining their activities in the past year and following the outline previously approved
by the HSC. Neither the HSC nor the HSE carry out a detailed audit of the work of
the PED. In accordance with Government accounting conventions the PED remains
responsible for the efficiency and economy with which it implements its responsibilities,
such as under the agency agreement.

16.21 The PED also acts as one of the advisers and assessors to the OIAC, which is
composed of representatives of the TUC and the CBJ and provides advice to the HSC
in relation to the whole oil and gas industry both onshore and offshore. This committee
is chaired by the HSE. Both the HSE and the Marine Directorate of the DoT may
also send assessors and advisers. This committee is on occasion used as an alternative
source of guidance to the Safety Directorate. The Director of Safety is able to
participate in the discussions of the management board of the HSE. He presents the
proposals of the Safety Directorate to the HSE before they are submitted to the HSC
and participates in consideration of any other proposals which rmay have relevance to
the offshore petroleum industry. Apart from these official points of contact DEn
inspectors are members of the HSE’s technical working groups and industry liaison
committees. Further, staff of the Safety Directorate participate in workshops presented
by specialist groups within the HSE.

16.22 The HSE has always been ready to assist the PED in any material respect. It
has provided training and technological support. It has also seconded inspectors from
rime (o [ime.

The a’evelop'menz of regulations and gurdance

16.23 Before a regulation is made under the MWA or the PSPA the Secretary of
State for Energy is under a statutory duty to consult with organisations in the United
Kingdom appearing to him to be representarive of those persons who will be affected
by it. In practice he also takes the advice of the HSC. Where the HSE proposes a set
of regularions under the HSWA the PED is asked 10 advise the HSC whether they
should be applied offshore. The PED has also provided advice to the HSC as to the
use which should be made of the various Acts to which reference has been made earlier
in this chapter. I will discuss this subject in more detail in Chapters 21 and 22.

16.24 In recognition of the need for more specific gunidance as to the implementation
of regulations the PED have produced guidance notes on broad areas such as design
and construction (relevant to the Construction and Survey Regulations); on life-saving
appliance and fire-fighting equipment (relevant to the regulations bearing these titles);
and in regard to training. These notes are subject 10 formal consultation when issued
or amended. Guidance is also provided on more specific matters in the form of diving
safety memoranda, continental shelf operations notices, safety letters, safety notices
and safety alerts. As regards guidance notes and safety notices Mr Pertrie stated that
the DEn expected operators to take account of their substance ‘“much as we would
expect them to take account of other similarly authoritative codes and standards issued
by standards-making bodies such as the British Standards Institution and the
professional bodies. In our experience they do take account of them.”
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Certifying authorities

16.25 For the purposes of Sec 3 of the MWA the Construction and Survey
Regulations require that both fixed and mobile installarions should be the subject of
a certificate of fitness issued by a certifying authority which is valid for a maximum
of 9 years. Although the Secretary of State for Energy may act as a certifying authoriry
in practice this role is undertaken by one or other of 6 bodies which were appoinrted
by him for the purpose and which work under contract with the operators who bear
the entire cost of their services. This i1s one of a number of respects in which the
regime was originally modelled on that developed for ships. The bodies are essentially
ship classificarion societies. It is clear that there were seen to be pracrical advantages
in drawing upon their expertise with particular reference to the strucrural and marine
aspects of insrallations. The role of certifying authorinies in the regime was clearly
endorsed by the Burgoyne Committee (paras 6.8-12 of their reporr).

16.26 The work of a certifying authority may be put briefly under the following
broad heads: (i) the assessment of design and method of construction; (ii) the assessment
of the operations manual; (111) the inspecrion of the installacion and its equipment in
fulfilment of the requirements for major surveys over a 5 year period and for annual
surveys. Events such as damage and structural dererioration; and alterations, repairs
and replacements require to be reported 1o the certifying authority with a view to its
determining whether or not an additional survey is required. It also reviews the
operator’s programme of planned maintenance under the Operational Safery, Health
and Welfare Regulations. The basic requirement which requires to be fulfilled by the
above work is that the design and construction should comply and continue to comply
with the Second Schedule to the Construction and Survey Regulations; and that the
operations manual should concain information, guidance and instrucrions which are
adequate and appropriate in relation 1o the installation. The Second Schedule covers
environmental considerarnions, foundations, primary structure, secondary strucrure
and firrings, materials, construction and equipment. In the light of its findings a
certifying authority may attach a limitarion or qualification to a certificate of fitness.

16.27 Much of the Second Schedule is concerned with strucrural requirements
directed to enabling the installation to withstand the environmentzal angd other forces
imposed upon it. However, it also contains some requirements which are of significance
for the prevenrion and mitigation of incidents on installations. These include those
relating to: (i) equipment; (ii) material; (iii) living accommodation; decks, stairways,
etc; and escape routes; (iv) ventilation heating and cooling; lighting; and emergency
power supply. The work of a certifying authority is limited by the scope of the
Construction and Survey Regulations. Within that scope it appears to be concerned
with the conceptual and detailed design of the structure and the operation of the
platform as a marine installation. As regards process plant, the design concept would
be taken into account in deciding whether a particular item of equipment was “‘suitable
for its intended purpose”. According to Mr Petrie the certifying autbority would
consider the operating parameters of a proposed system and assess whether it could
safely operate within them and whart controls were provided to limit them. However,
the certifying authority is not, in general, required 1o undertake a conceptual analysis.
In particular it is not required ro review plant design in relation o major hazards. It
should be added thar a body which was a certifying authority could undertake a
conceprual design analysis on a consultancy basis so long as it was not in conflict with
its role as certifying authority in the particular case.

16.28 As | have mentioned above the PED provides guidance notes in supplement
to the requirements of the Construction and Survey Regulations. These are based on
recognised standards and procedures which have been established by internatonally
recognised organisations. The fourth edition of these guidance notes was prepared
during the currency of the Inquiry. It states inrer alia that:

“The ceruifying authority has discretion to accept methods, techniques, standards
and codes of practice other than those in Guidance subject to being sausfied that
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the installation substantially complies with the requirements specified in Schedule
2 to the regulanons and that no diminution in safety or integrity will result. The
DEn should be informed of any proposal of unusual or controversial character.”

This statement is broadly in line with the text of previous editions. Although a large
measure of discretion is entrusted 1o the cernnfying authorities only the DEn can revoke
a ceruificate of fitness or can take action 1o prevent an installation being operated in
the absence of a valid certificate of fitness. The DEn does not itself undertake
assessment, survey or certification. Its auditing of the work of certifying authorities
(as from 1987) is intended to confirm thart its requirements are being complied with.
Audits are carried out both on a random basis and on the basis of a specific project
which is of interest to the Department.

16.29 Lloyd’s Register of Shipping acts as the certifying authority in cespect of over
809, of the fixed installations in the UKCS. At its London headquarters it approves
plans and appraises designs: outport offices such as in Aberdeen, carry out the work
of surveying, subject to procedures, instructions and specialist support provided from
headquarters.

The Department of Transport (DoT)

16.30 So far as installations are concerned the Marine Directorate of the DoT
(formerly of the Department of Trade) carrv on work on behalf of the DEn in relation
to fire-fighting equipment and life-saving appliances. Fire-fighting equipment for new
installations is examined by the DoT in order to see that it is in accordance with the
plans, the Fire Fighting Equipment Regulations and the relative guidance notes. It is
stated in the guidance notes that the DoT has discretion to accept methods and
techniques equivalent to those outlined in the guidance notes subject to being satisfied
that no diminution of safety will be involved: but that the DEn will be informed if
the proposal is of an unusual or controversial character. Fire-fighting equipment is
subject to examination by the DoT every 2 years in order to see that it is properly
maintained and in good working order. Life-saving appliances for new installations
are examined by the DoT in order to see that they are in accordance with the Life-
saving Appliances Regulations and the relative guidance notes. Their approval of the
appliances is required. The appliances are subject to examination by the DoT every
2 years in order to see that they are properly maintained and in good working order.
These arrangements provide another instance where the expertise of those familiar
with the regime which applies to ships has been used as part of the regime for
instaliations. The work of the DoT on behalf of the DEn 1s subject to audit. The DoT
are also concerned with navigational aids; and with whether standby vessels provided
under the Emergency Procedure Regulations meet the code for assessment of their
suitability in accordance with a voluntary agreement with UKOOA.

The Civil Aviarion Authoriry

16.31 The other body which has a specific responsibility in regard 1o installations is
the CAA which 1s responsible for safety in commercial helicoprer operations.

The UK onshore safety regime

16.32  The origins of the HSC and the HSE have been briefly referred to in paragraph
16.8 above. Their general aims can be clearly understood by reference to the following
passages in the HSC’s published plan of work for 1989-90 and beyond:

“We and the executive are regulatory bodies, concerned with protecting people
from barm. This is true in the formal sense of our having a statutory duty to submit
proposals for regulation and the executive having a similar duty to make arrangements
to enforce them. It is equally or more true in the profounder sense of our being the
prime movers in a vast activity, undertaken day by day within industry, to prevent
accidents and ijl-heaith and to protect workers and the public, essentially from the
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release of the energies that work involves. The first of the statutory duties specified
to us in the HSWA is to ‘assist and encourage’ those engaged in this task.” (Para
26).

“Our basic aims continue to be t0:

(a) stimulate and guide the efforts of industry to achieve higher standards of
health and safety at a cost thar is realistic; and

(b) protect both people at work and the public who may be affected by risks
arising from work activities, and keep them properly informed about the
risks and the protective measures adopted.” (Para 65).

The Health and Safety Commission

16.33 The HSC is composed of 8 members nominated by the CBI, the TUC and
local authority associations, and a chairman appointed by the Secretary of State for
Employment. It proceeds essentially on the basis of consensus; and, according to Mr
Rimingron, takes every possible step to ensure that those affected by its activities are
in at least broad agreement. It makes substantial use of advisory committees, either
in regard to particular types of hazard or (as in the case of the OIACQC) in regard to
whole industries. In these committees much of the work of determining safety
standards is carried out.

The Health and Safery Executive

16.34 The HSE is a corporate body of 3 persons appointed by the HSC, namely the
Direcror General, the Deputy Director General and the Director of the Safety Policy
Division. It has about 3,600 employees, mainly inspectors and technical, scientific and
medical experts. Its management board includes the Chief Inspectors of the various
inspectorates which are concerned with the enforcement of industrial safety and health.
The HSE is the licensing authority for nuclear installations. Following recent changes
the Nuclear Inspectorate and 4 divisions which are concerned with policy and planning
report to the Director General. The Mines Inspectorate, Field Operations (which
includes the Factory, Agricultural and Quarries Inspectorates ang the field consultancy
groups which provide technical and scientific support to the inspectorates) and the
divisions concerned with technology, research and laboratories report to the Deputy
Director General (see Fig 16.1).

16.35 Para 164 of the plan already referred to describes the expertise of the HSE as
made up of 3 main kinds, namely (i) policy branches which advise the HSC on matters
such as possible changes in legislation or standards; (ii) inspectorates which secure
compliance with legal requirements and accepted standards through inspection, advice,
investigarion of incidents and, where necessary, enforcement; and (iil) the technical,
scientific and medical group which are principally responsible for promoting and
supplying excellence in the scientific and technical advice available to the HSC and
others concerned with safety. The plan also states:

“Qur function is to oversee almost all aspects of industrial safety and health in the
UK, whether they affect people at work or the public. We lay down the standards
for the safe conduct of virtually all industrial processes and the safe use and
transportation of dangerous materials and pathogenic organisms, frequently follow-
ing international negotiation. In no other country is this very Jarge task so largely
concentrated in a single body; in most it is distributed over many central and
regional bodies. This concentration in the hands of the Execurtive of a wide range
-of professional and scientific expertise produces advantages beyond mere economies
of scale. Our responsibility in relation to a wide field of risks enables fruitful
exchanges of experience and ideas. It qualifies us to speak with authority on general
questions concerning the nature and tolerability of risks, necessary and at the same
time acceptable controls, and effective approaches to enforcement; and gives us
advantages internationally. But we can only carry out our work through new
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measures, getting people together o decide on best practice, and by stimulating and
encouraging those within industry who carry the legal responsibility for health and
safety in individual enterprises.” (Paras 66-67).

Apart from its own resources the HSC through its research commmittee commissions
a large amount of extramural research. This includes work undertaken by and in
conjunction with the nuclear industry.

The HSC’s approach 1o regulations

16.36 The progressive replacement of the existing onshore legislation relating to
health and safecy has necessarily required a long period for its implementation. The
plan already referred to states that by then HSC had brought about the repeal of 143
sers of regulations and jnrroduced 35 “new packages on modern principles™. It also
stated that the law on a high proportion of hazards, including rhat on hazardous and
dangerous substances and their transportation, had been comprehensively reformed,
and major packages on mining, electricity and pressure systems were progressing well
(para 32). The new style of regulations specify principles rather than solurions and
are thus intended to encourage innovation on the one hand but be effective against
lack of precaurion on the other. Mr Rimington explained that one implication of the
revised approach was that regulations should so far as possible apply across the board
ie to every industry where the hazard in question applies, However, it has sometimes
been found necessary where hazards assume a special form in a particular environument
for there to be special regimes. In such cases the principles of the more general
regulations are applied with particular additions as appropriate. He explained that
regulations under the HSWA were necessary only where in some particular respect
the general requirements of the act needed to be spelt our in a form which was in
some sense mandatory, such as the expression of a legal duty, a principle of action or
a strict requirement of some detailed kind. The new style of regulations were backed
up by approved codes of practice which created a presumption that the law had been
breached unless it could be shown that some equally satisfacrory approach had been
adopted; or by guidance; or by both. The fact that codes of practice and guidance
were neither mandatory nor required complex parliamentary procedures for their
amendment made them an ideal vehicle for incorporating the results of changing
technology.

Compliance with legislarion

16.37 Mr Rimington described the primary object of inspection as being “‘ro stimulate
the operator to carry out his duty to maintain safety, against the background that the
mspector can and wil) apply coercion through the courts where this is necessary or
salutary”. The intention was always to ensure that a high standard of compliance with
reasonable standards had been auained. He also said: ““An inspector’s immediate
purpose in visiting is to satisfy her or himself that systems exist that are likely co lead
to the identification and prevention by management of significant faults, and that the
atritude of management is conducive 10 this.” It was also very important that
inspection should be targeted on aspects that were critical to safety “so that time is
not wasted and discoveries, if made, are likely to open up further viscas for enquiry’.
In this coniext he drew attention to the fact that the HSE’s inspectorates were of two
kinds, namely those which concentrated on particular industries where the inspections
covered plant which was likely to be relatively famihiar to the inspectors who would
generally be recruited from highlv qualified people with experience of the industry
itself; and those inspectorates (particularly factories and agriculture) which cover much
larger territories. The latter were recruited at graduate level. They often though not
necessarily possessed technical degrees or qualifications. All received very substantial
initial training. Many inspectors spent a large part of their working lives dealing with
particular industries.

16.38 Inspectors in the HSE are able 1o call upon a wide range of resouces within
the HSE’s Technology Division, the Employment Medical Advisory Service and the
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specialist sections of the Nuclear and Mines Inspectorartes; and the forensic and general
scientific capabilities of the Research and Laboratory Services Division. The specialist
inspectors and scientists when called upon in this way did not lead an inspection or
investigation but were called in as experts to investigate particular aspects and also as
necessary to give expert evidence in court. The specialist inspectors in the Technology
Divison and the Nuclear and Mines [nspectorates generally have substantial industrial
experience, They and the HSE’s scientific staff are in contact with the latest advances
in thinking and good practice. Specialist inspectors are also engaged in the assessment
of Safery Cases under the Control of Industrial Major Accident Hazards (CIMAH)
Regulations, whether in the nuclear or non-nuclear areas; and expertise is' maintained
in the technigues involved in the assessment of risk.

16.39 Particular mention should be made of the HSE’s Accident Prevention Advisory
Unit (APAU). This unit has been maintained since 1977 in order to exercise influence
on the management of safety and the design of safe systems. Its main rask has been
to carry out safety audits in co-operation with large companies and undertakings in
order 1o investigate the standards of management control and advise how a structured
safety system at corporate and subsidiary levels can contribute to high standards of
health and safety. In 1984 the HSE had purt forward a scheme for “‘safety assurance”’,
linking safety and quality assurance. Under this scheme the HSE would have audiced
the employers’ safety systems. However, this was on the basis that the employers
would be exempt from basic inspection. The proposal was dropped after it did not
prove widely attractive to employers and was strongly opposed by trade unions. Mr
Rimington said that the APAU had gradually gained for itself a considerable reputation
and its experience had enabled it to begin to formulate a body of knowledge and
principles on safety management. Monitoring of companies which had accepted the
advice of the APAU had shown conclusively that lasting results had been obtained
not simply on the basis of the advice given but through stimulatung the attention of
management 10 a subject which had been frequently neglected or regarded as technical
or obscure. The HSC’s plan of work for 1989-90 and beyond which has been referred
to earlier in this chapter records at para 98 that the unit evaluates safety monitoring
packages and advises the HSE’s inspectors and the public about their use. Field
inspectors would take suitable opportunities to inform companies about them. The
unit also intended to evaluate the potential link between various quality concepts such
as thar in BS 5750 - the UK national standard for quality systems - and standards of
safety. They were also collaborating with companies and other parts of the HSE in
an attempt to define the costs of occupational accidents and ill-health and quancify
the economic benefits derived from high standards of occupational health and safety.

The Norwegian offshore safety regime

16.40 The exploitation of petroleum resources in the NCS is controlled by the issuing
of licences and the granting of consents which enable licensees to progress through
various stages leading to producuion. Since 1979 the Norwegian Petroleum Directorate
(NPD) (which was established in 1973) has been responsible 1o the Ministry of Local
Government and Labour in matters relating to the working environment, safety and
emergency preparedness; and to the Ministry of Petroleum and Industry for the
administration of petroleum resources in an efficient manner. On this basis the NPD’s
objectives are “actively to contribute 10 a sound administration of the Norwegian
petroleum resources through a balanced evaluation of the natural, safety-related,
technological and economic aspects of the acrivity within an overall social framework.”
The control of Statoil which engages in the business of petroleum production and is
wholly owned by the Norwegian state is exercised directly by the Ministry of Petroleum
and Industry. In its supervisory capacity the NPD has the task of seeing that both
safety legislation and the terms of licences, consents and approvals are complied with.
Under authority delegated by the Ministry of Local Government and Labour the
NPD has the power to issue regulations and conduct overall safety evaluations. In
exercising its supervisory authority the NPD obtains assistance from other public
bodies, institutions and companies with special expertise. The NPD also acts as adviser
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to the 2 Ministries, and is responsible for providing guidance to all participants in the
petroleum industry.

The organisarion of the NPD

16.41 The highest administrative authority of the NPD is the board of directors
which consists of the chajrman and 7 members. The day to day business of the NPD
is in the hands of the Director General. Apart from the administration and legal
branches and the information office, the NPD is divided into 2 divisions, namely the
Resource Management Division and the Safety and Working Environment Division,
the work of which respectively relates to the 2 responsibilities of the NPD referred to
in para 16.40.

16.42 The main objecrive of the Safety and Working Environment Division is to
establish, maintain and further develop a fully satisfactory level of safety and working
environment within the perroleum industry. It consists of the following branches:

(i) the Supervisory Activities Branch. Its main task is to manage supervisory
activities in the Norwegian part of the conrinenital shelf (NCS). Six Heads of
Supervisory Acrivities are responsible for the supervision of specific operarors.
In the NCS there are about 40-50 installations, operated by [2-15 companies,
including many which operate internationally. Abour 15,000 persons work
offshore, of whom about 5000 are there at any given tme.

(ii) the Technical and Working Environment Branch. This provides a pool of
experrtise in safety and the working environment, It is responsible for providing
personnel on a priority basis for various rasks such as the development of
regularions.

(iii) the Strategy Branch. Its principal responsibilities are that of offering advice
and guidance, undertaking development of regulations and co-ordinating and
managing certain tasks. In addition it is responsible for the execurion of a
number of administrative functions for the division as a whole.

About 90 professional staff are employed in the Safety and Working Environment
Division. Mr Ognedal stated that installations in the NCS could be visited 3-5 times
a year; and that about 80 of his staff would be expected to be a couple of times offshore
each year. This could range between a simple verification raking a few hours and a
week’s lnvestigation.

16.43 The purpose of the Resource Management Division is to survey petroleum
resources and evaluate alternative ways of exrracting and utilising these resources in
the best way, with a view to advising the Ministry of Petroleum and Energy how 10
control exploitation for the greatest benefit of society.

The NPD’s approach to legislarion

16.44 Since 1985 the NPD has been responsible for the review and reformulation of
regulations which prior to that time had been issued by 9 independent Government
agencies which had separate responsibilities in different areas of the petroleum industry.
Since the beginning of 1987 the NPD has been examining all existing regulations with
a view to reformulating them and reducing their number by about 50%,. Mr Ogendal
said that about 15° of the rotal resources of his division were involved in this work.
The new style of regulations were concerned with objectives to be achieved and so
were ‘“‘goal-setting’’. In connection with the development of new regulations the NPD
had creared a forum of some 35 persons drawn from the NPD, the industry, the
Government and trade unions. A reference group had the oversight of the development
of the regulations. In addition experrs had been chosen for their particular expertise
in relation to the individual regulations to be drafted. Mr Ognedal said that this forum
enabled the NPD to exchange ideas with the industry from a very eacly stage. The
NPD also intended to provide supplementary documentation in the form of guidance
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notes. The available codes and standards would play an important part in the future
Norwegian legislation.

Internal control and supervisory activities

16.45 A fundamental principle of the Norwegian safety regime is that since the
operator controls his business he rherefore should control the safety aspect of his
operations. This principle began 1o be developed in 1975 and is currently formulated
in Internal Control regulations stipulated by Royal Decree of 28 June 1985 in
pursuance of a number of Acts of the Norwegian Parliament concerned with safety in
petroleum acriviries, worker protection and the working environment and protection
against pollution in petroleum activities. In accordance with the regulations the licensee
through internal contro! is to ensure that the activity is in accordance with the
provisions stipulated in and in accordance with those Acts (Reg 3). “Internal control™
is defined as: ““Al) systematic actions which the Licensee shall initiate to ensure that
the activity 1s planned, organised, executed and maintained according to requirements
stipulated in or in accordance with acts or regulations.” (Reg 2). The regulations set
ourt a large number of matters which the licensee’s internal control is to ensure, such
as “‘that safety evaluations ate undertaken both prior to start of exploration drilling,
prior to the final selection of project plan and its subsequent phases, including the
operating phase’’; “that the licensee’s and contractors’ employees are given necessary
training”’; and ‘“‘that the contractors’ Quality Assurance system 1s evaluated and
assessed, and is subject to system audit”’. According to the regulations responsibility
for the monitoring and enforcement of the control system is 10 be assigned to a separate
unit within the licensee’s organisation. This unit is to have sufficient organisational
freedom to monitor and enforce all subordinate control systems and to perform system
audits on these. This organisational unit is normally to be placed outside the operative
responsibility. The licensee is to arrange the organisation in such a way that the unit
normally reports o a higher organisational leve! than those units which ir is to monitor.
A “systemn audit’’ means a ‘‘planned and systematic examination of systems to ensure
that these have been established, followed and maintained as specified’’. The internal
control system is to be kept up to date in a systematic and controlled manner; and che
up-dated information is to be communicated to the NPD and within the licensee's
organisation, workforce and contractors.

16.46 In order to ensure compliance with the requirement for internal contro) the
licensee has accordingly to establish and describe the system which is used to control
its own activiry. This description is the main tool which the NPD use in carrying out
its supervisory activities which are separate from and additional to the internal control
exercised by the licensee. The object of NPD’s supervisory activities is to make a
systemaric assessment of the internal control system of the company in order to check
that its acuvity is correctly reflected in the documentation and is performed within
the requirements of the law. The NPD performs this assessment in 2 ways - by audit
of the operator’s systemns and by verification of the output of those systems. The NPD
endeavour to schedule an audit of each licensee at least once every 3 years; normally
1t 15 more frequent than that. The NPD select a section of the licensee’s operation and
audic this section from the most senior person down the management structure. In
advance of the audit the company is advised in general terms of NPD’s plan for the
following year; and will be required o provide the NPD with specified information
and documentation including the company’s own plan for auditing. Having considered
this documentation the NPD plan one or more audits and the timescale for them. An
audit team, usually consisting of 4 or 5 persons under a team Jeader plan a questionnaire
for use In interviewing company personnel. Following the interviews, which are
informal in character, the team then may carry out a verification on the installation in
order to ascertain whether a particular procedure has been set up, is documented and
is understood and operated by the appropriate personnel. Equipment may also be
checked. The NPD may involve consultants in carrying out specific checks, for example
in the areas of welding, corrosion and diving. Sometimes the NPD use management
consultants in the planning of the audit. The company which is being audited is
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invited o have a represencative present as an observer throughout the audit. The
elected safety delegarte from the workforce also normally takes part, especially offshore.
When the audit has been concluded the NPD make a presentation of the result to the
company following the presentation by the company’s observer of his findings.
Thereafter the NPD prepare a report and send it to the company for their reaction.
The final report will be sent to the company with a covering letter detailing the points
which have been identified in the audit and require action by the company. The letter
will also ask the company to submit to the NPD a plan for corrective action by a given
date. Both the final letter and all attachments to it are available both to the press and
to the public. Within the NPD the responsibility for following up its findings rests
with the appropriate Head of Supervisory Activity. The Heads are in daily conrtact
with the companies for which they are responsible. The Ministry of Loca! Government
and Labour will not normally become involved but may do so if something very
serious is thrown up by the audit. The Ministry do not receive a copy of the NPD
reports as a matter of routine but are aware of the companies which the NPD are
audiring as this information is contained in the NPD Supervisory Activities Plan for
each year about which the Ministry is informed. The supervisory activity of the NPD
is paid for by the company which is being audited. A major audit will take on average
3 weeks from the start of dctail planning to the writing of the report. In the planning
of an audit a decision requires to be taken at an early stage as to whether any contractors
should be included in the activities. This will depend on the extent of auditing by the
operator. It may be necessary to involve contractors either in the NPD audir or at che
stage of verification. Mr Ognedal stressed thar it was necessary for the objectives and
scope of the particular audit 10 be described clearly. The methods of obtaining
verification by reviewing documents and carrying out inspections require to be
thoroughly discussed and decided with the objectives of the particular audit in mind.
A knowledge of the available documentation was essential. It was also important for
the necessary expertise for the particular audit to be discussed and decided on in
advance. He saw this system, which was based on open communication between the
company and the NPD, as presenting a2 new challenge for both.

16.47 This regime has never used a separate body to carry our the assessment of
design or surveys with a view to certification of installations. Mr Ognedal mentioned
2 reasons: the insistence on a one point responsibility and the aim of having sbort
lines of communication berween those who supervised and those who drew up the
regularions. It was and 1s a matier for individual companies to decide whether they
wished 1o use the expertise of such bodies in their internal control activities. Furcher
the NPD does nor certify or approve company systems or procedures. The point at
which they exercise control is when applicaticn is made by a company for the required
consent on the part of the NPD to a stage in their activities. Ar that stage the NPD
can refuse consent if they are not satisfied with the particular application. They can
also take into account any martters which are outstanding, such as the failure of a
company 1o present its evacuarion plan to the NPD. The NPD can refuse consent
until the plan is forthcoming.

16.48 The NPD is provided with powers to enforce the legislation. These range
from the imposition of day fines to the shutting down of a company’s activities. An
NPD inspector has the power to shut down an activity on the spot. He would
imumediately inform the NPD art Stavanger where a decision would be taken on the
informaton available as to whether the shutdown should be continued or nor. Mr
Ognedal stated thart if it came to his attention over a period of cime that a company
was not performing adequately he could summon the company’s “top man’ 10 see
him at very short notice. He had found this to be very effective in producing results.
Where a serious problem had been identified in relation to a company the NPD could
recommend to the Minister that the company be required to see the Ministry or the
Minister himself; or that the company was not fit to continue operations.

16.49 Mr Ognedal estimated that almost half of the work of his division was devoted
(0 supervisory activities covering present and new projects and the evaluarion of new
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applicants for licences. Abour 109, of its time was concerned with giving information
and advice. So far as could be done his division produced a plan of activities for the
forthcoming year. In 1990 it was intended to obtain further insight as to the competence
required of personnel in the NPD, its consultants and other agencies with which the
NPD worked. This was intended to provide specific guidance as to future training
and assist in recruiting philosophy. The priorities for 1990 were to ensure better
compliance with the Act relating to the working environment; to ensure activity in
the very early stages of any projecr; and to follow up a re-evaluation of the older
installatons,

16.50 Personnel employed by the NPD are recruirted both from the offshore industry
and from the shipping and engineering industries. Training needs are defined by the
manager and the employee and a plan is created. Training comprises on-the-job
rraining together with courses on the legal framework and the philosophy of internal
control. A new recruit could also be taken into an audit team as part of his training.
Personnel are also seconded to the companies for a period of time. Most recruirs have
university training and more than 609, are graduate engineers. The NPD also recruit
university graduates with degrees in other subjects such as management and social
sciences. Mr Ognedal would not expect a niew recruit to perform an audit or carry out
verification acrivities on his own for at least 2 years after he joined the NPD. However,
he stressed that it was the procedure of the NPD for at least 2 persons to go offshore
for a supervisory activity. When a new recruit began work a member of staff would
be appointed to have special responsibility for him and his training on behalf of the
manager. Although personnel could be Jost to industry the turnover was only about
7%,, so the numbers were “‘normally pretty close ro maximum”.

Future trends in offshore developments

16.51 In approaching the subjects discussed in later chapters, and in particular
Chapters 19 and 20 ic is right that I stiould bear in mind whar the Inquiry heard as
to the furure trends in offshore developments since these may give some indication of
how frequently a certain type of feature which is of interest is likely to be installed.
One example is the inter-connection of installations by pipeline. A study of future
trends may also assist me in determining whether and how far it is advisable or
practicable to make a recommendation. On this point the diversity of future types of
development may be of some significance.

Trends in the size of frelds

16.52 Although the number of oilfields under development increased between 1980
and 1988 their average size decreased over that period. To illustrate that, Dr Taylor
pointed out that the 15 oilfields in production at the end of 1980 had an average size
of 855 million barrels; whereas the average size of the 26 oilfields brought into
production since then was 173 million barrels. A survey carried out by URKOOA in
mid-1988 had shown that there were then 44 oilfields in production or under
development which had an average size of 323 million barrels; whereas there were 92
oilfields which had been discovered but were not yet developed having an average size
of 52 million barrels. Accordingly the undeveloped oil discoveries averaged only one
sixth of the size of the fields already in production or under development. Qil
production from existing fields which was currently a little above 2 million barrels per
day was in decline and was projected to halve by the mid-1990s. As at mid-1988 there
were 25 gas-fields in production or under development and 35 discovered but
undeveloped. Gas production which was currently about 4500 million cubic feet per
day was projected to halve by the end of the century. This decline in oil and gas
production would be slowed down by production from new fields some of which had
already been found and others yet to be discovered.

Factors affecting the pace of development

16.53 Dr Taylor said that since 1984 a number of changes had occurred which had
significantly influenced the outlook for the upstream petroleum industry. For example
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oil and gas prices had fallen substantially; the cost of new developments had been
significantly reduced, in particular as the result of the use of heavy lift barges; and
changes in depreciation allowances for corporation tax had reduced the profitability
which was achievable on new investments. He said that in assessing potential future
production, whether generated from existing but as yet undeveloped discoveries, or
from discoveries yet to be made, the rate of appraisal and development of the inventory
of discoveries depended upon a price and fiscal environmentr which supporied
commercial development, the availability of cost-effective technology and the provision
of adequate resources to support the activity.

The types of development

16.54 The earliest installations in the North Sea were in the southern area (all for
gas) where the water depth was relatively shallow. Later developments were in the
central and northern areas in deeper water where 2 number of major oil discoveries
were made in the 1970s. Larger and more substantial installations were required for
the deeper water areas. In these areas drilling, processing, urtilities and accommodation
were integrated into a single platform.

16.55 There are considerable differences in the environment in different parts of the
North Sea. Dr Taylor illustrated this by reference to the range of depih of water,
wind speeds and wave heights. Because of these differences and other factors such as
the geology and geography of the reservoirs there were many different types of offshore
installation. In the southern area there were over 100 small fixed platforms mostly
fairly close together. In one part of this area, covering about 40 miles from north to
south and 50 miles from east to west there have been more than 30 gas discoveries.
These included the very large Leman field which has 18 platforms spread over 15 x
5 miles. Some of the platforms consist of several structures linked together. This
linking 1s also found in the group of “V” fields. One example was the North Valiant
gas gathering installation which consisted of 4 structures linked together 1o make one
installation. He compared these examples with the Brent area in the northern North
Sea where there were 18 large and heavy platforms to cope with the deeper water and
hostile environment. These structures were set out in an area which spanned 60 miles
from north to south and 30 miles from east to west. The group included a number of
difterent designs of concrete and steel platforms. Fairly close to these were the Sratfjord
group of 4 plarforms on the median line between the UKCS and the NCS. Elsewhere
in the northern area installations were more scattered. This had implications for the
design with regard to the means of transporting products, the type of accommodation
for personnel] and the organisation of systems for evacuation of hydrocarbons.

16.56 The fields in production at the end of 1988 showed a diversity of methods of
development. 31 used fixed platforms. 8 used floating production systems. 7 used
subsea completions. One used the tension leg system.

16.57 Looking 10 the future developments for the production of oil, Dr Taylor said
that fewer and fewer large fields requiring fixed structures would be discovered. The
successful recovery of oil from many of the small discoveries would depend on the
introduction of improved oil recovery and production systems. Heavy fixed stee] and
concrete platforms would increasingly be replaced by re-usable floating production
systems and subsea developments. The latter were especially artractive where develop-
ments were favourably located near existing facilities into which they could be linked.
Floating structures were applicable over the whole range. As regards the production
of gas condensate, this would mostly be done by means of fixed platforms with some
smaller developments done by subsea installations. For gas discoveries, the larger
fields would normally be developed using central fixed insrallations tied to not
normally-manned wellhead towers. Smaller gas fields would use similar unmanned
towers which would be tied to existing production platforms.

16.58 Dr Taylor described a method of predictive analysis which had been carried
out by UKOOA in order to examine the distribution of size and development of fields
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within the next 25 years. By the use of this analysis it had been estimarted thar out of
the 10} existing and future undeveloped oil discoveries, 51 would use subsea methods,
25 would use floating production systems and 25 would use fixed platforms. About
309, of the reserves accounted for in this way would be accumulations of less than 50
million barrels. Development of the very small fields would depend heavily on the
complexity of the geological structures, oil prices, the fiscal position and the available
technology. Access to existing installations and pipelines would be required. Technolo-
gical advances in the last 5 years had made it probable that these small discoveries
would be developed by subsea completions tied into parent installations. Op the basis
of past experience and the current uncertain outlook facing the offshore industry the
study carried out by UKOOA had adopted an average development rate of 3 oil-fields
per year over the next 25 years. As regards gas-fields size was no longer considered
1o be of greart significance in determining the order in which fields came forward for
development. This had been due to the extenr of the existing infrastructure of pipelines,
terminals and gathering platforms which was now in place, especially in the southern
North Sea. Further many oil companies had a diversity of holdings which provided
them with an incentive to develop smaller fields. Against that background Dr Taylor
said that it was possible to postulate a future development scenario which included 3
new oilfield developments per year (which could extend to 4 if subsea completions
were involved); 6 new plaiforms per year for new gasfield developments; and 1 new
gas condensate field development every 3 years until the end of the century and 1 per
year thereafter. Dr Taylor said that it could be concluded from the overal] result of
the study that in the northern and central North Sea the potential existed over the
next 25 years for the development of around 100-150 oilfields and 20-30 gas condensarte
fields requiring in total around 45-55 fixed platforms, 20-30 floating production
systems and 40-60 subsea insrallations.

16.59 Dr Taylor referred to the installation for the Termn field as being representative
of the type of manned fixed installation likely to be built in the future. The field was
among the group containing between 180 and 320 million barrels of oil. The platform
would be typical of the future fixed platforms required to develop the larger of the
remaining smal} fields in the northern North Sea. Platforms of this type would be
dealing with much the same operatious as the larger platforms but on a reduced scale.
Where satellite systemns were involved oil and gas would emerge from these in single
pipelines delivering to the main platform for separation. The gas would probably be
used as a fuel. He illustrated the use of floating production systems by reference to
the Ivanhoe/Rob Roy development. This installation was semi-submersible, kept on
station by dynamic positioning. Oil and gas was collected from subsea connections
through a system of flow lines and flexible risers, The development was the first to
combine oil and gas production in a floating system. It would be able to pump water
into the reservoir and mainrain reservoir pressure. The gas produced would be taken
by way of the Tartan field into the Frigg system. The oil would be transported to
Claymore and then to Florta. If necessary it could be discharged into an ojl tanker
near the development. Another floating system under construction was designed for
extracting o)l from very small reservoirs. This was described as a single well oil
production system (SWOPS). It consisted of a ship-like facility which could be used
as a subsea production system on an existing exploration or appraisal well and possibly
1o develop some of the very small discoveries I have mentioned above. The oil could
be processed on board. The advantage of that system was that it could be moved
elsewhere when the reservoir had been exhausted.

16.60 It appears that satellite subsea developments and small unmanned installations
will increase as a proportion of future developments in the UKCS. However, the large
number of existing fixed platforms and the subsrantial, if decreasing, proportion of
new manned installations will continue to demand a high degree of attention to
personal safety. At the same time technological change and the increasing proportion
of unmanned installations will call for a flexible approach to regulation.
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Chapter 17
Safety Assessment

17.1 1 now turn 1o outline the specific elements in the regime which I envisage,
starting in this chapter with safety assessment. 1 will first describe the nature and
value of safery assessment (paras 17.3-7), the models for its regulatory use furnished
by the Safety Case in the Control of Industrial Major Accident Hazards (CIMAH)
Regulations 1984 (paras 17.8-16) and by the arrangements in the Norwegian Continen-
tal Shelf (NCS) (paras 17.17-21), and the practice and intentions of the DEn (paras
17.22-28). Next I will state my views on, and proposals for, the role of safery assessment
in the regime (paras 17.290-47). I will then consider the role of quantification and
quantitative risk assessment (paras 17.48-61). 1 will conclude by considering the
implications of my proposals for regulations, for the regime and for the regulatory
body (paras 17.62-71).

17.2 The Piper disaster involved the realisation of potential major hazards. There
was 2 leak and an explosion inside a module followed by the rupture of gas risers.
Alrthough Occidental could not but be aware of the existence of such hazards, it did
not possess any system which ensured that such remote, but potencially disastrous,
events werc subjected to systematic scrutiny. There was for major projects no
comprehensive system of safety assessment and management did not appear to
appreciate fully the contribution which it could make. By contrast, the evidence
showed that some companies, both those operating in the UKCS and in the NCS,
require the formal use of safety assessment for major projects, and did so prior to
Piper. The companies which gave evidence on this were clear that these activities were
beneficial in the identification and control of hazards.

Formal safety assessment

17.3 Formal safety assessment (FSA) involves the identification and assessment of
hazards over the whole life cycle of a project from the initial feasibility study through
the concept design study and the detail design to construction and commissioning,
then to operation, and finally to decommissioning and abandonment. The techniques
used include hazard and operability (HAZOP) studies; quantitative risk assessment
(QRA); fault tree analysis; human factors analyses; and safety audits. The need for
FSA arises because the combinations of potential hardware and hurnan failures are so
numerous that a major accident hardly ever repeats itself. A strategy for risk
management must therefore address the entire spectrum of possibilities.

17.4 1In accordance with the usage of the main witnesses in this passage of evidence,
I shall use the term ‘‘formal safety assessment’’, or FSA, to mean the process of
assessment and “‘an FSA” 1o mean the output from this process and in particular an
assessment essentially equivalent to a Safety Case. It is with this latter that I shall be
primarily concerned in the first part of this chapter.

Current use of FSA offshore

17.5 Some companies operating in the North Sea already produce FSAs for major
projects. Dr M § Hogh, Manager of Projects and External Affairs, Group Safety
Centre, BP International, described the formal system used within BP. There is a
formal Project Review Procedure conducted at 6 distinct stages in the course of a
project, starting with definition and feasibility and going through to operation, In
which independent audit teams seek to identify any outstanding safety issues. There
is a formal requirement 1o carry out HAZOP studies at the detail design stage and the
results are scrutinised by the audit team. FSAs were also described by Mr R E McKee,
Chairman and Managing Director of Conoco (UK) Ltd, who stated that since Piper
a separate group had been created to deal with this.
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17.6  The value of an FSA to the company was illustrated by the Engincering Safety
Plan for the Southern Basin Gas Developmenrt, or V Fields project, described by
Mr M Ferrow, Manager, Safety and Quality Assurance, Conoco (UK) Lid. The
development involved a number of gas fields some 50 miles east of the Lincolnshire
coast. The exercise was modelled on the Norwegian concept safety evaluation (CSE),
a form of FSA carried out at the conceptual stage. The objectives were 1o demonstrate
the safety and rehability of the design; to detail the operational requirements and
limitations; and to provide the basis for conrinuing safety assurance after handover.
One ourcome of the work was a systematic, documented review of all significant
accidenr scenarios and the associated precautions. Another was a lead in to the
operating group of all the issues which the design group felt were important for safety.
Some 500 operaring practices were derived from the work. The documentation
comprised in its detailed form some 11 volumes. The value of the plan was
demonstrated, when, following Piper, the company reviewed its safety precautions.
The availability of the plan documentarion made this a relatively straightforward
E€XCrcise.

17.7 As his own ritle indicated, Mr Ferrow regarded safety and quality assurance
(QA) as linked. He described FSA as a subset of quality assurance. The in-house
quality assurance system was used to ensure that findings of the V Fields study just
described were properly closed out.

The CIMAH model

17.8 1 now turn to consider the role of an FSA in the regulatory regime. The Inquiry
heard of 2 existing models for this, the onshore Safety Case and the arrangements in
the NCS. The Safety Case was described by Dr A D Sefton, a factory inspector based
at Sheffield and leader of the HSE’s Hazardous Installations and Transport of
Dangerous Substances National Interest Group.

17.9 Onshore major hazard installations are subject to the CIMAH Regulations. Reg
7 requires that the operator should provide the HSE with a written report on the
safety of the installation. The report is commonly called the Safety Case. These
regulations had their origins in the Flixborough disaster in 1974 and the work of the
Advisory Committee on Major Hazards (ACMH) and in the Seveso disaster. They
effect, and are confined to, the implemencation of the EC Directive on Major Accident
Hazards, the so-called “Seveso” Directuive. They require demonstration of safe
operation (Reg 4), notification of major accidents (Reg 5), a written report (the Safery
Case) (Reg 7), updating of the report (Reg 8), an obligarion to supply the HSE with
further information (Reg 9), preparation of ap on-site emergency plan (Reg 10) and
provision of information to the public (Reg 12). There are also requirements on the
local authority to prepare an off-site emergency plan (Reg 11).

17.10 The contents of the written report are specified in Schedule 6 of the regulations.
The 4 main headings relate 1o information on every dangerous substance involved in
the acrivity; on the installation itself; on the management system; and on the potential
major accidents. The informarion required on the management system includes the
staffing arrangements; the arrangements made 10 ensure that the means provided for
safe operation are properly designed, constructed, tested, operated, inspected and
maintained; and the arrangements for training. That required on the potential major
accidents includes the potenuial sources of a major accident and the conditions or
events which could be significant in bringing one about; the features of the plant
which are significant as regards potential for a major accident or its prevention or
control; the measures taken 1o prevent, control or minimise the consequences of a
major accident; and the emergency procedures.

17.11 In the first instance the Safery Case is a means by which an operator
demonstrares to irself the safety of its activities. The vatue of such a demonstration
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was illustrated in the evidence of Mr Ferrow concerning an FSA which I have already
mentioned.

17.12 The Safety Case also serves as the basis for the regulation of major hazard
activities, as described by Dr Sefton. Existing major hazard installations were already
subject to the Health and Safery at Work etc Act (HSWA) and even before the
CIMAH Regulations had been the subject of attention by the local inspector. A
CIMAH site is normally visited annually. On receipt of a Safecy Case the HSE first
checks to ensure that all the information required is provided and to identify any
matter of immediate concern. The report is then assessed by a multi-disciplinary ream
including specialists from HSE’s Technology Division, the local area inspectors and
as necessary local specialists in the Field Consultant Groups. Any matters of concern
are then taken up by letter or by visit. Following this initial response, the report
constitutes an important input into the inspection strategy and provides a basis for
selecting areas which should receive priority attention. Examples cited by Dr Sefton
were the use and maintenance of an item of hardware such as pressure relief devices
or a procedural matter such as operating instructions. In the course of in-depth
inspection of these items inspectors would always test management and organisation
of the installation by reference to any failings detected. Many operators have reported
that they found the exercise of producing a Safety Case valuable. Often it would be
the first time that a report had been made of the major hazard aspects of the installation.
Many stated that the exercise had led them to make changes in their approach and
improvements to systems and procedures. Dr Sefton was ar pains to point our that
the Safety Case was not a licensing or approval system, which might be thought to
transfer some of the responsibility to the licensing authority. He was not even sure
that the HSE “accepted” the report. Whar it did was to satisfy itself that the
information provided complied with that required and then use that information in
its inspection; if there were any serious concerns arising out of the reporr, it would
take them up.

17.13  With regard to the level of expertise required within the company to prepare
the Safery Case, the guidance notes state:

“A parual answer is to suggest that if a manufacturer was unable to meet most if
not ajl of the aims of the Safety Case set out in para 106 by using his own staff,
doubts would arise about his competence 10 manage a major hazard activity ...”
(para 114).

In pracrice Safety Cases submitted are for the most part prepared by the operator’s
personnel, although some use is made of consultants for specialist work such as
consequence modelling, particularly by smaller companies. In assessing the Safety
Case, the HSE is able to bring to bear the full range of expertise required. It possesses
this expertise in-house. However, it does make use of consultants to assist with peak
workloads.

17.14 The Safety Case is concerned with management and software as well as with
hardware, as indicated by the information on management and management Systems
required in para 4 of the Schedule. Amplifying these requirements Dr Sefton stared:

“Informartion should be given which details operation and revision of safety policies;
the setting or adoption of design and construction standards; quality assurance
arrangements, operaring procedures, Iraining, management supervision, monitoring,
staff welfare and management structure. All these separate elements are necessary
to describe fully a system of management control and the report should give some
indication of activity within every element. Control in the above spheres of activity
requires:

(a) identification of work required to achieve the desired objectives; (b) rhe
establishment of standards for described activities; (c) performance measurement
to assess the degree of compliance with standards; (d) evaluation of performance
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over time which is communicated to accouncable persons; and (e) the means to
correct deficiencies in performance standards,”

17.15  Dr Sefton was questioned on the way in which HSE goes about assessment
of management and management systems. He replied that jt was not possible to
separate hardware and software concerns in the manner implied in the questioning.
Scrutiny of preventive mechanisms might reveal weaknesses in management controls.
Any perceived deficiencies in this area would be taken up by the local inspector. He
stated:

“It 1s one of the skills of inspectors, to be able to interrogate the operations of
companies to Jook not only at the hardware thar is easy to see and easy 1o look at,
bur 1o get under the skin of a company, to ensure thart they are setting the appropriate
standards, that they do know whart are the potential problems that they have, and
that they are monitoring and assessing what they are and whar they are doing. Much
of the training of inspectors is associated with that. You cannot have one without
the other. You cannort simply look at the hardware; you have to look closely at the
management control of that hardware and of the hazards associated with it.”

Asked whether an inspector would take the matter as high vp the management tree
as necessary, Dr Sefron replied:

“I think if we were convinced that there were failures of management we would go
very quickly to the very highest level of management. I do not think inspectors
would delay going 1o see and deal with the highest level of management. Once they
had evidence of management failings it is no good ralking to a foreman or works
manager if the failing js a failing of the direction of the company. The great skill of
inspectors, I suggest, is identifying quickly the failings that are leading to inadequa-
cies on the ground and identifying where in the overall management structure the
weakness is and homing in on it as quickly and effectively as possible.”

If the Jocal inspector required assistance on matters of management, he could call for
specialist advice from the APAU.

17.16 The HSE witnesses clearly thought that the CIMAH Regulations had been a
success. Mr Rimington called the regulations ““a major step forward”, bur also said
that when they were first brought in, he could not have said with confidence that they
would produce the results which they had in fact produced. Dr Sefton too thought
the regulations had largely achieved their aims. He believed this success owned much
to the high level] of technical expertise which the HSE had deployed and which the
industry respected. It had shown an understanding of the issues of managing industry.
Another HSE wimess, Dr A F Ellis, Deputy Chief Inspector of the Technology
Division, which includes the Major Hazards Assessment Unit (MHAU), was asked
whether he thought the Safery Case was working out well, and in particular the role
of quantification; he believed it was.

The Norwegian model

17.17 The Norwegian offshore regime, described by Mr Ognedal, has developed in
the same general direction. The requirement for some form of risk evaluation is a
long-standing one. The Regulations Concerning Safery Related 1o Production and
Installation in 1976 contained a requirement that if the living quarters were 10 be
located on a platform where drilling, production or processing of petroleum was taking
place, a risk evaluation should be carried out. It was Mr Ognedal’s recollection that
at this date such an evaluarion would have been mainly qualitative, In 1976 the NPD
rejected a design for the Srtatfjord B platform as a copy of Statfjord A and required
the living quarters to be put on a separate platform. In 1977 Mobi! put forward a new
concept of a platform integrated but with separation of the accommodation by a 6
hour rated firewall, which was accepted. The Statfjord B exercise influenced the
legislation which followed.
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17.18 The move to a more quantitative approach came with the Guidelines for Safety
Evaluation of Platform Conceptual Desjgn published in 1981. These centred around
the provision of a shelter area, required the conducr of a concept safety evaluation
(CSE), and specified numerical acceptance standards. A design accidental event was
defined as one which did not violate any of the following 3 criteria:

“(a) at least one escape way from central positions which may be subjected to an
acadent, shall normally be intact for ar least one hour during a design accidental
event

(b) shelter areas shall be intact during a calculated accidental event unul safe
evacuation is possible

(¢) depending on the platform type, funcrion and location, when exposed to the
design accidental event, the main support structure must maintain its load carrying
capacity for a specified time.” (clause 5.2).

The following categories of event were required to be evaluated, where relevant: blow-
out; fire; explosion and similar incidents; falling objects; ship and helicopter collisions;
earthquakes; other possible relevant types of accident; extreme weather conditions;
and relevant combinations of these accidents. It was required that based on these
design accidental events a set of design accidental effects should be specified, expressed
in terms of heat flux and duration; impact pressure, impulse or energy; and acceleration.
Explicit numerical acceptance criteria were stated:

“In practical terms, it may be considered necessary to exclude the most improbable
accidental evenrs from the analysis. However, the total probability of occurrence of
each type of excluded situarion (see 4.1.3) should not by best available estimare,
exceed 10 per year for any of the main functions specified in 5.2, 5.5 and 5.6.”

“This number is meant to indicate the magnitude to aim for, as detailed calculations
of probabilities in many cases will be impossible due to lack of relevant dara.”
(clause 4.2.2).

In effect, therefore, since there were some 9 categories, the requirement was that the
frequency of the totality of events more serious than design accidental events, which
are termed residual accidental events, should not exceed 9 x 10™* per year, or in round
figures 107 per year. These numerical criteria have been applied with flexibility.

17.19 The role of this FSA in the regime, as described by Mr Ognedal, is that the
Guidelines are superior to the other, more prescriprive regulations. He confirmed that
this meant that if a regulation {aid down a particular requirement but risk analysis
indicated that it was not necessary, an exemption from the regulation could be granted.
Conversely, cthe analysis might show that the minimum requirement in the regulation
was nort sufficient.

17.20 The 1981 Guidelines were still in force but were to be replaced in 1990 by the
Regulation on Risk Analysis, currently in draft, These new regulations require that
safety analyses should be carried out through all phases from concept to operation,
bur the choice of the methods would be left to the operator. The new regulations
would no longer conrtain a stated numerical acceptance criterion. Instead, the operator
would be required to establish its criteria before the start of the conceprual design.
Mr Ognedal stated that one of the reasons for the change was to “‘avoid further number
game discussions’”. He affirmed that in making this change the NPD was not
abandoning its original approach but building on it. The acceptance criteria required
would not be less stringent. The whole philosophy underlying the legislation is one
of progressive improvement.

17.21 The system operated by Srtaroil was described by Mr O J Tveit, a senior
engineer with the company. In addition to carrying out a CSE at the conceptual stage,
a total risk analysis (TRA) is performed at the detail design stage; this latter is an
assessment developed by Statoil iiself.
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DEn practice and intentions

17.22 Prior to Piper there was no requirement in the British offshore regime for an
FSA dealing with the whole range of major hazards. When I look at what the DEn
had done, including the regulations and the associated guidance, to which certifying
authoriries work, and a1 the evidence given by Mr Pertrie, there seems to me to be an
imbalance between the attention given to the threats ro the platform from environmental
conditions and ship collision and those from the hydrocarbons. The approach which
Mr Petrie described did not impress me as an effective one for the identification and
control of the major hazards from the hydrocarbons at high pressure. He agreed that
a large proportion of the inspection effort was in fact concerned with high pressure
plant and that familiarity with pressure systems was a prime skill required in an
inspector, yet his inspectorate was not strong in this area.

17.23 Thar rthis failure affected large parts of the UKCS was illustrated by the
evidence of Mr A J Adams, a Principal Pipeline Inspector in the Safery Directorate
of the PED, that prior to Piper there were some 70 risers, out of about 400 covered
by the new ESV regulations, which did not have a true ESV and which required
changes to the valve itself or to its actuator, control logic, etc, to make it such.

17.24 The DEn presented a discussion document on Formal Safety Assessments of
Offshore Installations, which was spoken to by its author, Mr E J Gorse, a Principal
Inspector and head of the section dealing with the auditing of the work of the certifying
authorities. The document was in 2 parts, the first dealing with the principles of FSA
and the second with factors to be taken into account, aud was meant 10 cover both
hardware and management aspects. The first part listed installations to be covered,
hazards to be considered, techniques which might be used and project stages at which
assessments should be carried out. It stated that there should be written procedures
for undertaking FSA and that the outcome of the FSA should be documented and
subject to independent regulatory review. The second part gave more derail of some
of the techniques, including HAZOP and QRA. In effect, therefore, the document
created a requirement for somerhing analogous to the onshore Safety Case. However,
the document was perceived to be weak on management and human factors aspects
and Mr Gorse was questioned at length on this.

17.25 With regard to the regulatory review of such an FSA, it was the intention thart
the hardware, or technological, aspects, should be integrated into the certificate of
fitniess regime and that this aspect of the safety assessment should be taken into account
when the certificate was issued. The assessment of the hardware aspects of the FSA
would be done by the certifying authority. The importance of covering management
as well as hardware was recognised, but the Department was still working on how this
aspect should be assessed; it was “early days”. An engineer was being seconded from
the APAU on a permanent basis to assist. There was as yet no concluded view except
that the assessment of written procedures and human aspects would be subject to
some form of independent assessment. Questions were also asked on the expertise
available within the DEn on FSA, QRA and management assessment. Mr Gorse stated
that the Department did not possess the expertise to cover the whole range of FSA
and that 1t had no expert on QRA or on management aspects.

17.26 The introduction to the discussion document described it as a major step
forward, but despite the similarity between the FSA described and the onshore Safety
Case, the document made no reference, even in the bibliography, to the CIMAH
Regulations. Mr Gorse said that there were so many references which might have
been quoted and it was necessary to be selective. This is in line with Mr Petrie’s
attitude to the CIMAH Regulations which I consider in Chapter 22.

17.27 11t was made plain by Mr Petrie that in the regime which he envisaged an FSA
would complement rather than replace regulations. As far as concerns the kind of
regulation, he was in principle in favour of regulations of the goal-setting type.
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However, although the Department bad reviewed the body of regulations, it had not
started on the task of formulating goal-setting regulations. No existing regulations had
as yet been amended to goal-serting form. Whilst manpower constraints were a facror
in this, another factor was the question of the balance berween goal-setting and
prescription. His position was that he was reluctant to lose the ability to make
prescriptive regularions, though they would not be used unless there was a clear need
for them. In any case he thought the difference was not clear-cur. It appeared that
the Department continued to be attached to prescription of hardware. This was
illustrated by the discussion document on Fire and Explosion Protection, considered
in Chapter 19. This document was intended to fit in with a regime which was moving
towards use of FSA. It still contained numerous prescriptive requirements for
hardware, albeit some were expressed as default requirements. A similar approach
underlay Mr Petrie’s comments on guidance notes. He saw these as setting a minimum
standard. It was put to him that there seemed to be an iron law that material intended
as guidance came to be interpreted as mandatory. He agreed there was frequently a
misconception about the status of guidance, but believed the present situation struck
the right balance.

17.28 Mur Gorse confirmed that the FSA envisaged in the discussion document would
apply to mobile as wel)l as fixed installations, in fact to all installations, including
floating production vessels and multi-purpose vessels.

Parties’ submissions on an FSA

17.29 UKOOA subrmitted that the operator should be required to carry out an FSA,
equivalent to a CIMAH Safety Case, in a planned manner at specific stages of the
project such that the findings could be incorporated into the design or any proposed
change in operauing activity. The operator should define the design accidental events
and the acceptance criteria. Quantitative methods should be used where appropriate.
This FSA should be done by company personnel with the ourside consultants confined
to specialised work such as consequence analysis or QRA. Specifically, it was submitted
that the following features should be dealt with in this manner:

Management systems; need for a safe haven and its location, protection and facilities;
location of accommodation and its protection against smoke; location and prorection
from smoke of control room, radio room, and emergency command post; number,
location and protection of risers; subsea isolation valves; fire and gas detection
systems; protection against fire and explosion; escape routes and embarkation points;
evacuation and escape system.

17.30 Further, UKOOA proposed thart the regime should move to one based entirely
on the single regulation for an FSA and that other regulations would then be
unnecessary. However, if this was not acceptable, the regime should at least cease to
be based on prescriptive regulations and should move to one based on goal-setting
regulations with compliance demonstrared by FSA.

17.31 The submissions of the Trade Union Group, the Piper Disaster Group and
the Contractors’ Interest all supported the concept of an FSA or Safety Case applicable
to both new and existing installations, though they differed in the extent to which
mandatory QRA should be required.

17.32 The Trade Union Group submitted that the Safety Case should be brought
in forthwith by implementing the CIMAH Regulations offshore. This proposal was
spoken to by Dr V C Marshall, a consultant, and its implications were examined with
Dr Sefton.

An offshore Safety Case

17.33 I am convinced by the evidence that an FSA is an essential element in a
modem safety regime for major hazard instailations and that it has a crucial role to
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play in assuring safety offshore. Not only was there a consensus on this bur also a
large measure of agreement on how the martter might be raken forward. This consensus
was confirmed by the parties’ submissions. I consider that this FSA should rake the
form of a Safery Case.

17.34 The regime should have as its central feature demonstration of safe operation
by the operator. To this end there should be a requirement for a Safety Case, based
broadly on the CIMAH model for onshore installations. The CIMAH and Norwegian
models show thart this is both practical and desirable, the DEn was moving in this
direcrion and it was in essence what UKOOA proposed.

Nature and purpose of Safety Case

17.35 Primarily the Safety Case is a martter of ensuring that every company proguces
an FSA to assure itself thar its operations are safe and gains the benefits of the FSA
already described. Only secondarily is it a matter of demonstrating this to the regulatory
bodyv. Thar said, such a demonstrarion both meets a legitimate expecration of the
workforce and the public and provides a sound basis for regulatory control.

17.36 Both the evidence which I have already described and chat which I will describe
later make it clear thart safety is crucially dependenr on management and management
systems. The Safety Case should show among other things that the company has a
suitable safery management system. 1 defer further considerarion of this aspect to
Chapter 21.

17.37 The offshore Safety Case, like that onshore, should be a demonstration that
the hazards of the installarion have been identified and assessed, and ar¢ under control
and that the exposure of personnel to these hazards has been minimised. I envisage
thai the general approach of the offshore Safery Case will be similar in many respects
to that onshore. However, there will also be significant differences. In the offshore
casc the demonstrarion that the hazards are under control should include as a central
feature a demonstration that the threar from these hazards to the arrangements for
refuge for, and evacuation and escape of, personnel in the event of an emergency, is
under control. The Norwegian regime follows this approach. I consider these matters
further in Chapters 19 and 20.

17.38 An installation needs to be self-sufficient in providing protection for personnel.
The Safety Case should demonstrate that it possesses a temporary safe refuge (TSR)
and escape roures which will endure for a sufhicient time to allow safe and full
evacuation. I consider these martrers further in Chapter 19. It is difficult to see how
such a demonstration could be done other than by QRA and accordingly it is proposed
that QRA be required. This requirement therefore goes beyond what is required
onshore. It is clearly practical, since it is included in many onshore Safery Cases and
is the basis of the Norwegian CSE. It is considered justified for offshore installations
because large numbers of people not only work but live on them; the risks on the
installations are relatively high; it is expected that the proporuon of cases where the
benefit of the QRA is marginal will be outweighed by those where it is substantial;
che installations are much less heterogeneous than those onshore; they are substantial
installations which justify the resources required to perform the QRA; and, not least,
because 1n one tragic instance the hazards have been realised. It is proposed that the
requirement should be for the estimation of the frequency with which there occur
accidental events exceeding the design accidental events. In general, therefore, this is
a requirement for explicit estimation of both frequency and consequences. However,
it may be possible for certain hazards, perhaps even an appreciable propofrtion, 10
meet the requirement by a calculation of consequences only which makes it unnecessary
to calculace the frequency. I consider QRA furcher in paras 17.48 er seq.

17.39 I have considered burt rejected the proposal that a version of the CIMAH
Regulations should be applied offshore with only those changes clearly essential for
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such application. It will be apparent that the offshore Safety Case which I envisage is
sufficiently different from that onshore that this would not be the right way to proceed.

17.40 The Safety Case should normally be prepared primarily by company personnel.
I accept the argument that a company which is competent to operate an offshore
installation should be competent to produce the Safety Case. Moreover, involvement
of the company’s own personnel is the best way to obtain the full benefits within the
company and for the purpose of dialogue with the regulators. Similarly, it is desirable
that the operator should deal itself with the QRA aspects of the Safety Case rather
than contract them out. Familiarity with the system is essential for good QRA and
companies often prefer to employ engineers familiar wicth the system and train them
in QRA rtechniques rather than to call in risk analysts and acquaint them with the
system. Moreover, use of company personnel allows experrise to be built up in-house.
On the other hand consultants have a role in bringing an independent perspective and
assisting with novel and specialist techniques.

17.4! The Safety Case should apply to both fixed and mobile installations. The
question of the application of an FSA to mobiles was explored and no impediment
was identified. It was the intention of the DEn to make the FSA which they proposed
applicable to mobile as well as fixed installations.

Safery case for new installations

17.42 Onshore there is a requirement for a Safety Case both for new and existing
installations. I believe that the same should apply offshore. There is little dispute
about the benefits to be gained from a Safety Case for a new installation. For such an
installation there is clearly great value in some form of CSE. The inital form of the
Safety Case should have this character. As the design develops so should the Safery
Case, taking on more the aspect of a TRA. It is intended thart in the final form in
which it is submitted the Safety Case should be based on detail design information. I
note that the CIMAH Regulations require the onshore case for a new installation to
be submitted not less than 3 months before the commencement of the activity (Reg
7(1)), which indicates that the case will contain detail design information.

17.43 It will be for the regulatory body to specify the precise stage in the project for
submission of the Safety Case. It is clearly desirable that some preliminary assessment
of matters related to the Safety Case be submitted early in the project, preferably on
application for Annex B consent. The regulatory body should consult with the industry
on this.

Safety Case for existing mstallations

17.44 I consider that a Safety Case should also be required for existing installations.
This is the requirement onshore. The risks offshore are clearly no less. It is not
acceptable that installations should be operated without a thorough assessment of what
those risks are. While certain options are foreclosed ornice an installation is built, there
will generally be a variety of measures, both hardware and software, which can be
taken to improve safety if the risks justify them. Since in this case the full detail design
information is available, the Safety Case will have the character of a TRA.

17.45 Saferty Cases for existing installations should be brought in as rapidly as
practicable, on a schedule to be determined by the regulatory body.

The continuing Safety Case

17.46 The Safety Case should be seen not as a one-off exercise but as part of a
continuing dialogue between the operator and the regulatory body. I have already
described the increasingly central role assumed by the Safety Case in the onshore
regime for major hazards and envisage a similar role for the offshore Safety Case. It
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follows that the Safery Case needs to be kept up-to-date. It should be updated at
regular intervals or if there is any material change affecting it. The most fundamental
change will be a change of operator; an updating of the Safety Case is essential in this
case. An updating should also be triggered if there is a major emergency on the
installation, with or without precaurionary evacuation; if there are major modifications;
or if there is some major rechnological innovation or the discovery or improved
understanding of a major hazard which might justify it.

17.47 Given that the Safety Case should be updated if there is a major modification
to the installation, there will be a need for the regulatoryv body to define what constitutes
a major modification for this purpose.

Quantitative risk assessment
Role and status of QRA

17.48 Accounts of QRA were given to the Inquiry by Dr Cox and Dr Hogh. I deal
here with just one or two points in order 1o make clear the role which I envisage for
it as an aspect of an FSA.

17.49 1 endorse the emphasis placed by both witnesses on the fact that QRA is only
one input to cthe decision-making process, though an important one. Its strength is
that it provides a structured, objective and quantitative approach. It gives a better
understanding of the hazards and of the measures needed to control them. The
operator 1s required by the HSWA rto cake all reasonably practicable measures to
ensure safety. QRA is a prime means for the operator to demonstrate firstly to itself
and secondly to the regulator thar it has done this and thus provides a good basis for
the dialogue between operator and regulator. It should not be used, however, in
isolation or as an automatic mechanism for decision-making. The point is made in one
of the documents on QRA published by the HSE, “Quantified Risk Assessment: Its
Input to Decision-making™, quoted by Dr Cox:

“QRA is an element that cannot be ignored in decision-making about risk since jt
is the only discipline capable, however imperfectly, of enabling a number to be
applied and comparisons of a sort to be made, other than of a purely qualitative
kind. This said, the numerical element must be viewed with grear caution and
treated as only one parameter in an essentially judgmental exercise.”” (para 10).

17.50 1 am aware that QRA has been a martter of some controversy. There was
general agreement that it is a complex subject. However, as Dr Hogh said, complexity
is not synonymous with difficulty. Whartever may have been true some 10 years ago,
both Dr Cox and Dr Hogh considered that there was now no serious problem in
ob1taining the data required to estimate frequency or models to estimate consequences;
the area of human factors was acknowledged to be one where improved technigques
were desirable. Dr Hogh in fact described QRA as a normal tool of project management.
In giving this evidence both witnesses were referring to the application of QRA
offshore as well as onshore. I am satisfied thar there is no impediment to the use of
QRA offshore. I agree, however, that it is desirable to be quite open about the
uncertainties inherent in QRA and to take these into account in its conduct and
evaluation, using the methods of sensitivity analysis described by the witnesses.

Regulatory uses of QRA

17.51 HSE’s view of the role of QRA in the regulatory regime was put by Dr Ellis
and Dr R P Pape, Head of the Major Hazards Assessment Unit. For nuclear
installations QRA is a normal part of the Safety Case. It does not have this status for
process plants.

17.52 HSE acceprs that there 1s some controversy about the use of QRA and has

recently published 3 documents to make its views known and to stimulate discussion.
Dr Ellis quoted from the same publication as Dr Cox:
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“It is therefore important to be able to predict what could happen and as far as
possible how likely or un)ikely it is - as well as recording what has actually happened,
and then to see how best to control, and if possible reduce, the risks thar are
identified. For this QRA 1s an indispensable element, but one to be used with
caution and not applied mechanistically to demonstrate compliance with legislative
requirements.” (para 15).

17.53 HSE’s own interest in QRA arises because it is an organisation which regards
it as important to found any legal or political judgement as firmly as possible on a
rigorous scrutiny of the facts, using the available techniques. It is conscious that it is
dealing with technologically based industries or scientifically numerate organisations
which expect a structured and logical approach. Equally, it is conscious that not all
health and safery problems can be reduced to mathematical terms. Nevertheless, it
believes that quantification, or in some cases just the attempt to quantify, imposes a
discipline beneficial to safety. Dr Ellis drew a distinction between quantification and
full QRA. He agreed there was enthusiasm in the HSE for the former, while for the
latter there was “‘cautious enthusiasm’. In some cases the full process of QRA is not
necessary. The quantification of the potential consequences of an accident may be
sufficient, HSE’s views were much stronger on quantification of consequences than
on full QRA. He quoted as an example of HSE’s attitude to quantification the following
extract from the guidance notes to the CIMAH Regulations:

“Whilst it may be possible for manufacturers to write a safety case in qualirative
terms, HSE may well find it easier to accept conclusions which are supported by
quantified arguments. A quantitative assessment is also a convenient way of limiting
the scope of a safety case by demonstrating either that an adverse event has a very
remote probability of occurring or that a particular consequence is relatively minor.”
(para 112).

Dr Ellis stated that while QRA might not be specifically required by regulations under
the HSWA, the general requirements of that Act could imply a need for QRA where
it is likely 1o be worthwhile. He agreed that in order to decide whether an installation
was acceptably safe, it is reasonable to want to know the level of risk which it poses.
Asked whether the HSE had the powers to require a QRA from an operator, Dr Ellis
said the question was difficult to answer; it had never tried to enforce such a
requirement.

17.54 The selective use of QRA by regulatory bodies was supported by Dr Hogh as
providing a framework for dialogue. However, the industry had been resistant 1o the
blanket application of QRA 1o existing onshore major hazard installations as a
requirement of the CIMAH Safety Case. It was an essentially futile exercise unless
carried our for a defined purpose.

Acceprance standards for QRA

17.55 The practice of QRA requires acceptance standards. There is more than
one form of acceptance standard. Examples are accommodation endurance times,
equipment availability targets and risk criteria. As far as risk criteria are concerned, I
would expect the general approach to be that described in the HSE discussion
document on the tolerability of risk and shown in Fig 17.]1, which was introduced by
Dr Hogh and endorsed by the other witnesses. The upper line is that above which
risk is intolerable and action must be taken, the lower region is that in which risk is
negligible and no action is required, while in the intermediate region the requirement
is to reduce the risk “as low as reasonably practicable” (ALARP). This latter implies
a cost-benefit analysis. In formulating risk criteria, due regard should be had to risk
aversion, the aversion which society has to major accidents. Risk aversion should
receive recognition not only in setting the upper bound of what is acceptable, but in
the cost-benefit analysis.

17.56 It is normal practice thar acceprance standards for QRA are set by the operator.
This accords with the fact that QRA is generally an activity underraken volunrtarily
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to demonstrate comptiance. The HSE has published documents on risks and risk
criteria but as guidance. I consider thar this is the approach which should also be
adopted offshore.

17.57 1 propose, however, one exception to this general principle. The Safery Case
involves a demonstration that the frequency of events which threaten the endurance
of the accommodation, or TSR, will not exceed a certain value. In order to provide
at least one fixed point in the regime, both the minimum endurance and the frequency
with which there is a failure of such endurance should be specified by the regulatory
body, at least in the first instance. This proposal is described further in Chapter 19.

17.58 1 fully endorse the view expressed that acceptance standards, including risk
criteria, should be interpreted with flexibility by the regulatory body.

17.59 This 1s not to say, however, that the acceprance standards should not be tough;
they should be. In the regime proposed these standards will be one of the main
pressures for improvement. Unless they are set sufficiently high, they will not be
effective. It is my intention that the regulatory body should require acceprance
standards which will resulr in real improvemenrts in safety. In particular, there needs
to be a reduction of the risks from major accidents. The Inquiry did not go into risk
comparisons, but it is clear that the historical risk to the workforce in the UKCS is
now dominated by a single accident, the Piper disaster. A similar situation pertains in
the NCS following the Alexander Kielland disaster in which 123 djed.

17.60 Whilst in general QRA requires some standard of comparison, it does not
always involve absolute risk criteria. The point was made that there is a distinction
between inherent features such as layour and add-on features such as a protective
system. It was not possible not to have a layout, the question is to choose between
different layouts, and QRA may be used to assist the choice by comparing safety
aspecrs, without necessarily using absolute risk criteria. On the other hand a protective
system is in a sense an optional extra and in this case the use of QRA w0 aid this
decision 1implies the use of some absolute criterion.

Application of QRA to existing installations

17.61 As I have already stated, 1 propose both that the Safety Case should involve
QRA and that there should be a Safety Case for existing as well as for new installations.
It therefore follows that I am proposing QRA for existing installations. I have already
mentioned Dr Hogh’s comment thac the industry had been resistant to the blanket
applicanon of QRA to existing onshore major hazard installations as a requirement of
the CIMAH Safety Case. I am satisfied that the QRA in the Safety Case which I
propose has a well-defined purpose. In brief, it is to assess the risks, to identify and
assess potential safety improvements, and to ensure that the TSR meets the standard
set.

Safety assessment and regulations

17.62 I now turn to consider some other aspects of FSA in the regime. So far I have
deliberately confined myself to the question of an FSA, or Safety Case. I now consider
FSA in its more general sense, and in particular as an activity which may be undertaken
to demonstrate compliance with legislation.

17.63 The regime should not rely solely on the Safety Case. I reject the argument
of UKOOA that the only regulation should be one requiring an FSA as going much
too far. In general, any large system or problem is usually best handled by breaking
it down into more manageable parts, in some form of hierarchy. I propose thar the
regulation requiring the Safety Case should be complemented by other regulations
dealing with specific fearures. This is in accordance with the approach taken onshore,
where the regulations continue to exist alongside the Safety Case, and this not just
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for historical reasons but as a matter of policy. With regard to the type of regulacion,
the Safery Case would sit well with regulations which set goals rather than prescribe
solutions. These regulations would complement the Safety Case by setting intermediate
goals and would give the regime a solidity which i1t might otherwise lack.

17.64 Construction of the installation, fire and explosion protection, and evacuation,
escape and rescue are all areas where 1 consider it appropriate to retain regulations,
thouglt in goal-setting form. One method of demonstrating compliance would then be
by FSA.

17.65 Since it may appear that these are all areas which might be covered by the
Safety Case, it may be helpful to give an example of a specific requirement of a goal-
setting regulation. It is proposed that the regulation dealing with fire and explosion
protection should contain a requirement for a reliability assessment of the fire pumps.
The precise means by which fire pump availability is to be achieved would be left to
the operator, but it should be able to demonstrate independently of the Safety Case
that, at least for all evenrualities other than disablement by the accident itself,
availability targets have been specified and will be met. While arguably this, Jike almost
everything else, could be left 1o the Safety Case, it is inconceivable that there should
not be such an assessment, and it is therefore entirely appropriate to cover it by means
of a regulation. What the Safety Case contributes is a set of major hazard accident
scenarios against which the design of the system can be further assessed.

17.66 It is envisaged that the operator will demonstrate compliance with a goal-
setting regulation by a variety of means. It may do so by reference to guidance, or to
in-house standards, or to FSA or to some combination of these.

17.67 The transition to the new regime cannot take place overnight. I propose that
there should be a regulation requiring a Safety Case and that this should be
complemented by a limited number of further, defined regulations, but beyond this
it must be for the regulatory body to develop the regime in accordance with the
principles outlined. As regards existing regulations and guidance during the transirion,
1 do not envisage any wholesale revocation of regulations or withdrawal of guidance,
burt suggest that the regulatory body advise the industry of those regulations to which
it is prepared to grant exemption in the light of a demonstration of a satisfactory
alternative in the Safety Case.

Safety assessment in the regime
17.68 The operation of the regime would then involve ESA
(1) in compliance with the regulation for a Safety Case;
(i) in compliance with any other regulation requiring a safety assessment;
(i1) as a means of demonstrating compliance with a goal-setting regulation; and
(iv) as a means of demonstrating compliance with the HSWA,

In the first two cases the safety assessment would be mandatory, in the last two it
would be voluntary.

17.69 In some cases a goal-serting regulation will conrain a requirement that the
design should be subject to an analysis to demonstrate that it is satisfactory. I describe
below my proposals that there should be analyses of fire risk and of evacuation, escape
and rescue and I have already proposed that there should be a Safety Case. I envisage
that the Safety Case should test the design in respect of major hazard accident scenarios
and that the analysis should tesr it at least in respect of all matters short of those
scenarios. I have given above (para 17.65) the example of fire pump availability as
part of a fire risk analysis. Similarly, an analysis of evacuation, escape and rescue
would test among other things the arrangements for man overboard (MOB) incidents.
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Safety assessment and the regulatory body

17.70 My proposal 1o assign to FSA in general and to the Safety Case in particular
a central role in the regime has obvious implications for the regulatory body. Although
this was considered in the Inquiry largely in relation to the ability of that body to
evaluate an FSA, the question is much wider than that. Onshore the Safety Case has
come to form the basis for the HSE’s inspection activity on major hazard installations.
Similarly, offshore the regime which I envisage is one in which the emphasis moves
to audit of the operator’s systems and in which the Safety Case provides a starting
point for such audit. The regulatory body must be one which is not only able to
evaluate the Safety Case itself but is at ease with this whole approach.

17.71 However, considering the narrower issue of the ability of the regulatory body
to cvaluate the operator’s Safety Case, it is clear 1o me that this must be done by a
single regulatory body. A strong plea for a single point of contact was made by Mr
Ferrow, who argued that the FSA is an integrared whole, comprising hardware and
software aspects which interact, and it would not be satisfactory to split the evaluation
between different bodies. The weight of the evidence pointed 1o the need for a single
body competent in FSA, confidenr in its own ability and capable of being flexible, and
credible with the industry. The nature of the decisions involved in responding to FSA
is such that they cannot readily be delegared and the attempt to do so is liable to result
in divided responsibility, excessive caution and undue delays, whereas whar is wanted
is an authoritative and prompt response. Separation of hardware and software is
artificial. It follows that I reject che approach which the DEn was intending to adopt.
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Chapter 18

The Prevention of Incidents Causing Fires and
Explosions

Introduction

18.1 In order to meet its duty to provide, as far as reasonably practicable, a safe
system and place of work an operator has 1o seek to prevent incidents which can Jead
to fires and explosions, to mitigate the consequences of incidents which do take place,
and to provide a safe merhod of evacuation and escape and rescue. In this chapter |
will examine the first of these, the prevention of incidents.

18.2 The nature of the process fluids in any hydrocarbon plant is such that they will
burn readily and, when combined with air, can lead to a mixture which will explode
if ignited. Consequently the first objective of any safety policy and programme 1s to
prevent incidents which may cause a loss of containment of hydrocarbons. This is
particularly important in the offshore industry as mitigation of the effects of fire and
explosions and evacuation or escape of personne) are inhibited by the remoteness and
isolation of oil platforms. 1 will consider the specific lessons which can be drawn from
the disaster on Piper in relation to preventing such incidents, with particular reference
to the PTW system, the control of the process, the introducrion of modifications to a
platform process, and the investigation of accidents.

18.3 However important those lessons might be no one incident, even one as
disastrous as that on Piper, can point up more than a few important improvements in
offshore safety. Equally in practice exactly the same accident hardly ever repeats itself,
so management needs 1o address the spectrum of possibilities and not just seek 10
prevent recurrences. Accordingly I have in the later part of this chapter examined
how offshore operators approach the issue of managing in order to prevent incidents
which can lead to emergency situations.

Permit to work systems

18.4 I have set ourt in earlier chapters that the PTW procedure on Piper failed as a
component of a safe system of work. It suffered from deficiencies in regard to the
actions taken to suspend a permit, the absence of a procedure for locking off isolation
valves, the lack of cross-referencing, the lack of a procedure for handover of permits
at shift change, inadequate training of contractors’ staff and an neffective auditing
system. Evidence on those aspects of PTW systems was presented by Mr S R Kyle,
Environment and Safety Co-ordinartor for the Brae Operations of Marathon Oil UK
and chairman of UKOOA’s working group on permits to work, supported by examples
from the procedures of particular operators. Mr G H Davies of the HSE set out the
practices in onshore industry, and Mr T ] Scanlon, who had been employed by Wood
Group Engineering, a major contracting company, gave evidence on behalf of the
Contractors’ Interests.

Suspending a permit

18.5 The bulk of maintenance work offshore is carried out on day-shifts only,
normally extending from 06.00 hours to 18.00 hours. Inevitably there are many tasks
that cannot be completed in one day. Additionally there are occasions where work will
be interrupted for longer periods, mainly when the platform has to await the supply
of spare parts from the shore. It is essentuial that any PTW system incorporates a
procedure to ensure rhat in such circumstances the equipment being worked on is
retained in a safe condition and no attempt is made to use it in operations.
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18.6 Mr Kyle explained that the key procedural steps to achieve this are

— at the end of the shift when the work is to be suspended, the Performing
Authority should, after inspecting the site, sign the permit to the effect that the
work is suspended and return it 1o the Designated Authority;

— the Designated Aurthonty, or one of his delegated operators, should inspecr the
site to check that conditions are such that the work may be safely suspended and
should then sign the permit accordingly;

— the permijt, together with other suspended permits, should be located in
a prominent position in the control room or permit office clearly labelled as
“suspended’’;

— to ensure that equipment on which work is suspended is not used the PTW
system must be supported by a secure method of isolation (see para 18.10);

— prior to re-issuing the permit the Designated Aurthority must ensure that the
site 1s inspected again to make certain all required isolations are still in place.

18.7 Mr Davies explained that suspension of PTWs is not a practice widely recognised
in the onshore o1l and chemical industries and the common practice is for the permit
to be properly cancelled and re-issued when work is to resume. Whichever approach
is adopted the principle that should apply is that, when work ceases for a temporary
period, the equipment must be left in a safe state. While it is not being worked on all
the specified precautions, such as isolations, must remain in place and when work is
to re-start those precautions must be checked. The importance of this principle was
emphasised by a recent survey in the onshore chemical industry which found that in
259, of the PTW systems examined there were inadequate handback procedures.

18.8 I am satisfied that the procedural steps outlined by Mr Kyle are consistent with
the principle set out by Mr Davies of the HSE. They are simple to operate in practice
and straightforward 1o incorporate in any PTW system. They should be used in all
offshore PTW systems.

Locking off isolation valves

18.9 It was Mr Kyle’s evidence that it i1s essential that a PTW systern 1s supported
by a secure method of isolation and that necessary security should incorporate the
locking off of isolation valves such that they cannot be accidentally or inadvertently
opened. One such method used by Marathon Qil UK and demonstrated 1o the Inquiry
involves a system of locks and key safes, whereby all the keys held by both Designared
Authority and Performing Authority have to be returned to the key safe box before
the box can be opened and de-isolation effected. Several offshore operators have similar
effective methods of securing iso)ation. Mr Davies was aware that locking off systerns
are frequently employed in the onshore industry.

18.10 I consider that a physical Jocking off system should be an integral part of any
PTW procedure because of the security it provides against inadvertent or unauthorised
de-isolation. Cerrainly, if such a system had been employed on the Piper platform, it
would have prevented the operating staff from opening the isolation valves which
admitted condensate to the A condensate pump, which led to the Jeak of hydrocarbons.

Cross-referencing of permits

18.11 Both Mr Kyle and Mr Davies were agreed that where jobs involving separate
teams of people interact, particularly in relation to the isolation of equipment, the
permits for those jobs must be cross-referenced one to the other to ensure that no
interaction takes place which might threaten the safety of the personnel or the platform.
The responsibility for recognising the potential for interaction rests with the Designated
Authority who must be supported by a good communication system on a daily basis
to ensure that planned critical activities are made known to all affected personnel.
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18.12 Where it is necessary for more than one task 1o be carried out on one piece of
equipment or system utilising the same jsolations a means of ensuring the integrity of
the isolations unril all jobs are complete must be established. In addition to cross-
referencing the permit forms, a physical means of achieving this should be employed.
Various methods are known and available to the industry, such as multiple locks or
keys and key safes used in conjunction with the physical locking off methods I have
recommended in para 18.10. At the completion of any one task the locking mechanism
specific to its permit is removed but de-isolation cannot be effected until all such
mechanisms for every permit have been removed.

Handover of permits

18.13 Mr Kyle considered that company procedures should ensure that adequate
arrangements are in place for handover between Designated Authorities at shift change,
that those should include specifically effective means of communicating the status of
all active and suspended permits, and that sufficient time is available 1o achieve an
effective handover. The means of communicating the status of permits may be by
permit log books, permit files, or display boards. It would be expected that both
Designated Authorities, outgoing and incoming, should review each permit together.
Mr Davies’ advice was that the handover arrangements should include also that the
incoming lead operator sign for the continuation of any permir and no handover should
rely on memory alone or be solely verbal.

Training itn the PTW procedures

18.14 It was Mr Kyle’s experience that PTW systems are only as good as the care
and competence of the people who operate them. It is therefore essential that all
persons who are required to operate the procedures and the tradesmen who work
under permits are adequately trained. Specifically, detailed and formalised training in
the PTW system for the platform on which they are to work should be given to both
Designated Authorities and Performing Authorities, and they should be formally
assessed prior to their appoinument. Records of al) PTW training should be maintained.
Designated Authorities require in-depth training covering all aspects of the PTW
system and procedures. Such rtraining would take 2-3 days full time, concluding
with a formal written examination. However, examination alone will not guarantee
competence and it is important that individuals have demonstrated adequate experience,
local knowledge and their ability to discharge their responsibilities competently prior
to appointment by the OIM. It was expected that formal training of a similar nature
for a Performing Authority would take one day full time. In this case also the
appointment should be confirmed by the OIM.,

18.15 Mr Davies’ view was that forma) training in the operation of the PTW system
was a necessity and the system was unlikely to succeed in providing a safe sysrem of
work if it relied entirely on on-the-job rraining by another, however experienced,
operator and if there was no forma) assessment of how the training had been absorbed.

18.16 Mr Davies explained that onshore particular attention has to be paid to the
training of contractors’ personnel who may not be familiar with the plant’s hazards,
with the work procedures or 10 any extent with the dertailed equipment. That training
should be provided by the occupier of the installation - the operator in offshore terms -
and the training for contractors should be specific to the installation on which they
will work. This view was strongly supported by Mr Scanlon who argued that permits
and all they entail should be explained by the operators as “‘contractors are not the
best people to do that”. Mr Kyle's own company, Marathon Oil, require the same
training and assessment of contractors’ personnel who are going to act as Performing
Authorities as it does of its own employees and that each Performing Authority
undergo refresher rtraining every 2 years. Marathon do not envisage contracting
companies giving any training to their employees in the Marathon PTW system.
Surprisingly Mr Kyle’s evidence was that this subject, the training of contractors’
personnel, had not been discussed in the UKOQOA working group on PTW systems.
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18.17 There is no dispute that adequate training is a vital part of any PTW system
if that system is to be effective. The training of personnel who are 1o act as Designated
Authorities and Performing Authorities needs to be particularly thorough. Irrespective
of whether those personnel are the operator’s own employees or are from a contractor,
I am convinced thar that training should be and can only be provided by the installation
operator, as it has to be specific to the operator’s PTW procedure. There is also merit
in the OIM formally appointing Designated and Performing Authorities, after assessing
their general knowledge of the installation and its work practices.

Auditing the PTW procedure

18.18 Mr Kyle stated that a PTW system should include auditing of procedures in
practice and the frequency of audits would be determined by the operating management
on the basis of the size of the installation, the number of permits normally in use at
any one time, and the extent of discrepancies from the laid down system found on
previous audits. For large installations there should be

— daily monirtoring by safety officers, departmental heads and the OIM on a spot
check basis for permit form accuracy, that safety equipment specified was in place,
and that all specified precautions were being taken;

— more in-depth auditing undertaken on a routine weekly basis using prepared
check lists, covering for example isolation and shift changeover arrangements and
the training undertaken. These audits should be carried out by the platform’s chief
safery officer or a nominated departmental head. The completed check list should
be signed by the auditor and retained;

— auditing by persons not employed on the installation on an annual basis as a
minimum. These audits would use the check list in the OIAC guide to PTW
procedures which addresses the overall design of a permit to work procedure.
Reports on these audits should be reviewed by a nominated manager.

1f persistent faults were discovered the frequency of audits would be increased uncil
the situation was satisfactory again.

18.1¢ Mr Davies’ view was that arrangements to monitor that the permirt procedures
were being followed and for review of the procedures were a necessary part of a
complete PTW system. Over time there is an increasing probability that the procedure
in practice will have departed from that originally Jaid down. Monitoring is required
to pick up these changes in a timely way. It is then necessary for management to
decide whether the system should be modified in the light of the perceived departures
or wherther additional training is required to ensure operation as originally intended.
Monitoring is also required to ensure that individuals participating in the permit
systern comply with the duties placed upon them by the laid down procedure. Auditing
by persons not directly responsible for operation of the plant and procedure is required.
This should be on an annual basis looking not only at the operation at the time of the
audit but also performance over the previous year. In the onshore survey of PTW
systems referred to previously the most comunonly encountered defect reported was
the lack of a monitoring system. On monitoring frequency Mr Davies would not
expect to see daily monitoring. This would suggest that the PTW procedure was not
working correctly. Instead there should be a weekly check by the immediate supervisors
and perhaps monthly by managers.

Standardisation of PTW systems

18.20 Borh the Trade Union Group and the Conrtractors’ Interests submitted that
there was considerable merit in seeking to standardise the PTW system throughout
the UKCS. The offshore workforce was composed in the majority of contracting
personnel, varying from 60%, to 80%, of personnel on a platform. While some of the
contract workforce was seconded to a particuiar installation on a long-term basis, there
would be a considerable number, especially ar times of major maintenance or
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modification, who were unfamiliar with the platform’s procedures. In such circum-
stances standardisation of PTW systems would avoid confusion and thereby promote
safety. Standardisation for example would enable training to be given as a matter of
routine to all persons who required it. The training would be given on a regular pro
forma basis onshore in a standard training centre, such as RGIT. There would be no
need 10 rely on busy platform supervisors giving on-platform briefings.

18.21 Mr Kyle explained that UKOOA had carried out a survey of PTW systems
among 1ts members to determine to whar extent standardisaction of procedures could
be achieved. From that review it was concluded that much common procedure already
existed in the various operators’ PTW systerns bur that derailed standardisation of
permit forms and procedures would not be practicable or beneficial. Detailed
procedures depended on offshore management structures. Installations having different
populations and different types of operation might well have different management
organisarions. Procedures must be sufficiently flexible and be capable of regular review
and improvement to suit local situations. Additionally, significant changes in forms or
procedures might require a major re-training programme for all operators; this could
give rise to a Jengthy period of confusion during which unsafe conditions could arise.
All operators had procedures which complied with the requirements of the Operational
Safety, Health and Welfare Regulations which detailed requirements for PTW systems.
Further, operators’ permit systems generally reflected the guidance given in the OIAC
guide. The overriding requirement was that operators provide a safe place and a safe
system of work, not that they had identical permits and procedures. Given that there
was compliance wirh the regularions and guidance, 1t followed that the main framework
upon which safe PTW systems are based was the same for all operators.

18.22 In spite of that argument Mr Kyle explained that the UKOOQA working group
on permits to work believe that it would be beneficial if certain key elements were
common to all operators. Those areas where further harmonisation is both desirable
and practical are:

— the colours of permit forms;

— validation and life of permits, such that permits should be revalidated every 12
hours or at the completion of a shift;

— isolation arrangements. These must be effective and provide secure 1solation,
be fully docummented and referenced in all relevant work permits, including provision
for labelling of isolation valves, switches and equipment and, where practicable,
urilise a locking arrangement which physically prevents accidental or unauthorised
operation. All operators should prepare formalised procedures in advance for
isolation of plant and equipment. This would not preclude the necessity for thorough
checks when plant is isolated;

— a minynum number of specified signatures to a permit;

— copies of the permit retained at the work site, in the control room and by the
Designated Authority if he was located remote from the control room;

— check lists which should be used on permits or separate sheets for assessing
hazards and the precautions required;

— formal detailed handover procedures.

Mr Kyle believed that the combination of existing regulations, the planned tightening
of and addjtions on isolation and rtraining to the OIAC guidelines, and the UKQOA
working group recommendations on common procedures set out above would provide
the right balance to ensure operators could meet all the desired objectives. This would
leave sufficient flexibility to enable operartors to develop procedures to suit their specific
site situations.

18.23 For the HSE, Mr Davies’ view was that the PTW system was part of a safe
system of work which was very dependent on the culture of the operating organisation.
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It had to take that overall culture into account in its design for that particular location.
The PTW systern was likely to fall into disrepute more easily if it was at odds with
the overall systems of the installation. While most steps in a PTW systern were
common and there could be a standardisation of principles, there would need to be
flexibility to allow individual variations. For example, the needs of large companies
and small companties might differ. Any system must take account of the underlying
philosophy of the company, how it controlled all its systems of work, whether they
were maintenance procedures or operavional procedures. While there were advantages
in standardisation there were also advantages in having the system as job specific as
possible.

1824 The Trade Unijon Group and the Contractors’ Interests as advocates for
standardisation considered thar the UKOOQOA objection on the grounds of differing
management structures might be overcome by seeking a common organisational theme.
The problem of large scale re-training was there in any case as PTW systems were
being continuously modified to effect improvements. The UKOOA proposals on
common procedures implicitly accepted that a substannal degree of standardisation
was possible.

Intentions of the Depariment of Energy

18.25 The requirement for operators of offshore installations 1o have in place a PTW
system is covered in the Operational Safety, Health and Welfare Regulations. In the
light of its own jnvestigation into the Piper disaster the DEn issued Safety Notice
16/88 in November 1988 asking operators to review the scope, operation and control
of PTW procedures. This was followed in July 1989 by the DEn setting out for
comment its intention to strengrthen the statutory requirements for work permit
procedures. Its proposals are for an extension of those areas of work on an offshore
installation which must be covered by a work permirt system and the clarification of
administrative procedures which should apply. The larter have much in common with
some of the dertailed principles set out by Mr Kyle as to be included in the UKOOA
guide.

Conclusions on PTW systems *

18.26 1t is clear to me that much needed to be done to improve the general standard
of PTW procedures in the UKCS, demonstrated by the number of changes that have
already been introduced by various operators, as the evidence to the Inquiry showed.
Many operators formed specific teams to ensure that the lessons of the Piper disaster
were analysed in relation to their own acrtivities. That was a praiseworthy response by
the industry. The deficiencies revealed in the Occidental PTW system were not new
problems, either offshore or onshore, and the better PTW systems have avoided them
by straightforward procedural steps.

18.27 1 am not persuaded that the introduction of a standardised PTW sysiem
offshore is either necessary or desirable. The concept originates in seeking a solution
to the problem of contractors’ supervisors having to act as Performing Authorities. I
am satisfied this problem can be safely overcome by full and adequate training but it
is clear that the responsibility for and the cost of that rraining should rest with the
operator of the installation and cannor and should not be undertaken by the management
of the contracting company. While it is preferable that an operator’s own employees
act as Performing Auchorities it is inherent in the nature of the way maintenance work
is execured offshore that there will be the need for contractors’ staff 1o act in that
capacity.

18.28 Srtandardisation is not desirable because the PTW system must marry with
the individual operator’s safety philosophy, organisation and methods of doing work.
Additionally the need to change PTW procedures in the light of audit findings would
be inhibirted and the implementation of improvements made cumbersome if the whole
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industry were subject to each detailed change. Although standardisation in detail is
undesirable there 1s no doubt that there must be common principles underlying any
PTW system. Accordingly I welcome the UKOOA proposals on guidelines applicable
throughout the offshore industry and 1 look to thar organisation to accept the
responsibility for ensuring that those common principles are implemented by each
and every operator.

18.29 Such an approach would be consistent with seeking to have goal-setting rather
than prescriptive regulations. However two improvements to PTW practices are of
such overriding importance they should be incorporated in the current review of the
Operational Safety, Health and Welfare Regulations planned by the DEn. They are:

— all permit to work systems should incorporate a mechanical isolation procedure
which involves, wherever practicable, the physical locking off and tagging of isolation
valves to prevent their accidental or unauthorised opening;

— operators should be responsible for and undertake the training of all staff, the
operators’ own or those of contractors, in the detailed PTW procedures where those
staff are required to act as Designated or Performing Authorities. The training
should be recorded and staff should carry documentary proof of having undergone
such trajning.

Control of the process
Piper Alpha

18.30 It was evident in examining the circumstances of the disaster that the Piper
control system had some limitations when it came to handling a developing emergency
situation. In reacting ro the events in the condensare system nothing could be done
from the Control Room. The lead process operator, Mr Vernon, had to leave the
Control Room to take command at the site of the condensate pumps. In consequence
the supervisor with the responsibility and authority to decide whether the developing
situation warranted Partial or complete shutdown of the platform was absent from the
control centre. He was not aware of the gas alarms and other signals that preceded
the explosion. The Control Room was more a monitoring and message station thap_a
place from which the process could be controlled. While instrumentation in the
Control Room showed the status of equipment and alarms, the actual panels from
which equipment operation could be adjusted were located within individual plant
modules. These panels gave more detailed information on the condition of the plant;
and the equipment controls could be operated from them.

Modern control systems

18.31 Mr M Ashworth, a Senior Control Engineer of BP Intemational, explained
that the type of control system on Piper was out-dated. It was expensive to provide
in terms of space, weight and cost. Equally it was expensive to operate and maintain,
being manpower-intensive and based on older rtechnologies. There had been a
progressive development of control room facilities over the past 15 years, the overriding
influence being the technological advancement in computers and data communication.
The modern concept was to provide a single central control room. The instrumentation
was designed to control the platform process within a defined safe operating range.
By means of alarms operators were warned when this range was likely to be exceeded;
and such warning was given in time to allow the operator to initjate corrective action.
The Control Room gave a detailed display of all equipment and process conditions
and contained the necessary means of control for both normal and emergency operation.
This allowed the installation to be operated safely with greater efficiency at reduced
cost. The control room should be manned at 2ll times by an experienced and trained
control room operator.

Emergency shurdown systems

18.32 Mr Ashworth also pointed out that, in a modern control system, the first
objective of a properly designed ESD system was to prevent an uncontrolled or
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hazardous situation occurring, in additon to its wider known use in reducing the
consequences of a hazardous event when activated manually by an operator observing
an emergency situation. By continually monitoring the process equipment with a range
of protective instrumentarion and taking automatic action to shut down when a
predetermined value is reached, the ESD system became the principal mechanism for
setting the installation to a known and safe state by stopping the process and isolating
electrical equipment. The ESD system was therefore one component in a network of
equipment and procedures which were designed to prevent process incidents developing
in such a way as to lead to a release of hydrocarbons, and (o maintain safe operation
in both normal and emergency situations. The philosophy was to control the process
within normal bounds and 1o detect and restraipn abnormal events before they could
escalate into an emergency.

Regulation of control systems

18.33 Apart from the requirement to have an ESD system there 1s no regulation
specifying the type of process control system that should be installed on an installation.
Mr M Ognedal, Director of the Safery and Working Environment Division of NPD,
gave evidence that in Norway also there was no regulation as to the control of che
process. The operating company was responsible for control of the plant. It was in jts
own interests to avoid unnecessary use of the ESD system and the stopping of
production.

Training of control room operators

18.34 Mr Heiberg-Andersen, the OIM of Statoil’s Gullfaks C platform, explained
that it was necessary to give control room operactors thorough training before they
took up their positions on a platform. He described the onshore training of process
operators using a process simulator which was a full scale replica of the platform
control room together with an operating computer. The Gullfaks Control Room
operators receive training on such a simulator before being appointed to the platform.
That training included specific training in responding to an emergency.

Conclusions on process control

18.35 I am satisfied that there is no need to specify by regulation rhe type of control
system that should be used on North Sea platforms, as it is in an operator’s own
interests on safety and cost grounds to adopt the available modern technology. What
15 clear from the evidence presented is that the control room should be manned at all
times and be in the charge of a person trained and qualified 1o undertake the work of
a control room operator. The training of control room operators must include
instrucuion, in a properly developed onshore course, in the handling of emergencies,
and that should involve practice in simulated emergencies.

18.36 It is evident that there are a number of platforms in the UKCS which have
control systems which are of the same age as that on Piper and therefore are less able
to deal with an emergency than a modern control system. This is a matter which could
not be tackled effectively within the Inquiry although it was clear that complete
replacement of those systems is not practicable. As 3 minimum I recommend that
alterations should be made such thar key process variables, as established by the FSA,
are capable of being monitored and controlled from the Control Room.

The installation of modifications

18.37 1 have pointed out in Chapter 6 that the institution of the temporary process
system to inject methanol into the Piper process to prevent hydrate choking left much
o be desired. The deficiencies in thar rask could have led to a potentially serious
process upset and the release of hydrocarbons.
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18.38 The requirement for the safe management of the installation of modifications
is well known throughout the oi) industry, in part as a result of the investigation into
the major onshore disaster at Flixborough in 1974, which was traced to the inadequate
management of a modification to the process and equipment. However, the circum-
stances surrounding the methanol injection system on Piper demonstrate that offshore
operating companies would do wel) to monitor continuously their systems for the
design and installation of modifications.

Incident repotting
Faral accident on Piper

18.30 In Chapter 14 I commented adversely on Occidental’s investigation of the fatal
accident to Mr Sutherland and on the dissemination of lessons from that accident.
The investigation lacked thoroughness in that it did not seek out the root causes of
the accident or try 10 determine whether the particular fajlures associated with the
incident were endemic in the way operations were carried out on Piper. The lessons
from the investigation were not properly communicated throughout the organisation.

Offshore industry practice

18.40 The Inquiry heard evidence on the practice as to the investigation of incidents.

18.41 In Conoco (UK) Ltd it is part of the safecy policy thar all accidents or near
misses are auromatically investigared. A ““near miss” is defined as a near accident that
could have involved serious injury or had the potential for serious damage to property
or the environment. The chief executive has a system to ensure that he is informed
immediately of every significant incident and virrually all accidents no matter how
minor. He 1s kept fully briefed on the progress and results of any investigation. Any
personal injury greater than “first aid™ severity is discussed in forunightly meetings
of the company directors. I have to point out that the frequency of accidents in Conoco
is so low that the commitment of time by the directors to the discussion of injuries is
not burdensome. It is also company policy to disseminate incident reports up and
down throughourt the organisation.

18.42 TIrtis also the policy of the Amoco (UK) Exploration Company that all accidents
and dangerous occurrences are the subject of an investigation and report describing
the incident, the cause and the proposed corrective action. That action is checked out
by both line management and safety specialists to ensure it is adequate. Significant
dangerous occurrences or accidents involving injury to either company or contractors’
employees are investigated by a committee of non-involved staff, normally comprising
a safety specialist, an operating supervisor and an engineer. Written procedures exist
for the investigating team to follow and their report is distributed throughout the
company and specifically to the chief executive officer. Once agreed, corrective actions
are followed through until all are complete.

Conclusions on incident tnvesrigarion and reporring

18.43 1 am convinced that learning from accidents and incidents is an important way
of improving safety performance. That view 1s commonly held throughour the UK
offshore industry. In relation to preventing incidents which cause hydrocarbon leaks
that could lead to fires and explosions I consider it would be useful if there was a
systematic means by which what could be learnt from such accidents and near misses
was shared by all operators. The regulatory body should be responsible for maintaining
a database with regard to hydrocarbon leaks, spills and ignitions in the industry and
for the benefit of the industry. The regulatory body should

— discuss and agree with the industry the method of collection and use of the
dara;

— regularly assess the data to determine the existence of any trends and report
them to the industry;
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— provide operating companies with a means of obtaining access to the data,
particularly for the purpose of carrying out quantified risk assessment.

Managing to prevent incidents
Inrroducrtion

18.44 While I am convinced that the lessons from the investigation of the Piper
disaster which 1 have set out above will lead to improvements in safety ofishore I
recognise that those improvements are inevitably limited in their scope by the
circumstances of the disaster. The prevention of incidents in the industry ar large is
dependent on the approach and quality of the management of safety by each and every
offshore operator. Accordingly I sought evidence in the Inquiry as to good industry
practice in the management of safety. Mr R E McKee, Chairman and Managing
Director of Conoco (UK) Ltd and Mr R A Sheppard, Vice-President of Production
and a Director of Amoco (UK) Exploration Company Ltd gave evidence. As would
be expected the approach of the 2 companies was different in detail and it would not
serve any useful purpose to list those differences in this report. However there were
many basic and common principles.

Commitment by rop management

18.45 Companies with a good safety record are dedicarted 10 the proposition thart
safety starts with the unfailing commitment of the most senior management, and that
of the chief executive officer in particular. They are personally responsible for setting
the safety standards for the whole company and for setting the safety philosophy and
comununicating it to all the workforce. The latter may be expressed in such simple
and easily understood concepts as “‘nothing is so important that it cannot be done
safely” or ““if we cannot do it safely we won’t do it”” bur underlying those is the belief
that safety is a basic element in conducting business and cannot be considered a
discrete and separate activity. Safe, prudent working practices and procedures are
good business practices.

Creating the safety culture

18.46 It is essential to create a corporate atmosphere or culture in which safety is
understood to be, and is accepted as, the number one priority. Management have to
comumunicate the safety philosophy at all times and ar all levels within the organisation
but most particularly by their everyday decisions and actiops in tackling the many
issues that arise in operating in the North Sea. Those provide the opportunity for
subordinates to see real, practical substance put to the safety philosophy and for
exploring the soundness of the safety policy against the realities of operating.

Organising for safety

18.47 To ensure that the safety philosophy becomes a tangible safety programme
there must be defined organisational responsibilites for safety; and each part of the
organisation has to be set and held accountable for safety objectives. It is essential
that from the conceptual design stage of any installation the first objective is to design
a safe plant. Thereafter safery has to be a prime objective of on-going operations.
Typically the bulk of the responsibility for safety rests with line managers and
supervisors, normally backed up by a safety or loss prevention department, which
supports and advises Jine management. Safety objectives have to be built into both
short and long term plans, and achievements against those defined objectives have to
be part of personnel performance assessment.

Involvement of the workforce

18.48 Tt is essential that the whole workforce is committed to and involved in safe
operations. The first-line supervisors are a key link in achieving that as each is
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personally responsible for ensuring that all employees, whether the company’s own or
contractors, are trained to and do work safely and that they not only know how to
perform their jobs safely but are convinced that they have a responsibility to do so.
Possibly the most visible instrument for the involvement of the workforce in safety is
a safety committee system. In Conoco the system involves every member of the
platform crew artending a safety committee once per tour of dury, while the Amoco
system is based on safety representatives. Both draw no distinction between their own
employees and those of contractors. Both companies consider the safety committee
system an integral part of managing safety, providing an opportunity for new jideas
and new solutjons to safety problems to be brought up and a means of passing verbatim
and uncensored safety comments up the management line. It also helps reinforce the
principle that each employee is responsible for his own safety and that of his fellow
workers.

Safery audiiing

18.49 Monitoring and auditing the safety process is a critical activity to ensure that
any safety programme is being followed. These may be conducted by first line
supervisors, managers, safety department staff or personnel from outside the organisa-
tion. The requirement for auditing is normally written into company procedures and
will encompass the design as well as the operational practices on installations. Audit
reports are assessed by management and all recommendations pursued to a conclusion.
The chief executive officer will be involved in the processing of the outcome of major
audits.

Observarions on quality of safety management

18.50 I am convinced from the evidence from both Conoco and Amoco, and indeed
from the examination of the background to the Piper disaster, that the quality of safety
management by operators is fundamental to offshore safety. No amount of detailed
regulations for safety improvements could make up for deficiencies in the way that
safecy is managed by operators. It therefore is imperative that the quality of safery
management should be a component in the regulatory regime. I will return to that
issue in Chapter 21, but before doing so 1 will consider in Chaprters 19 and 20 the
achievement of the objectives of mitigating the effects of incidents and the securing
of safe evacuation or escape and rescue in an emergency situation.
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Chapter 19
The Mitigation of Incidents

16.1 The measures which [ addressed in the preceding chapter were those required
to prevent accidents. In this chapter I turn to measures to mirigare the effects of any
accident which may occur. These measures fall under 6 broad headings. Three of
these are concerned with minimising the escalation of any leak: (i) the minimisation
of hydrocarbon inventory on the platform and in risers and pipelines and isolation of
pipelines (paras 19.4-37); (11) fire and gas detection and emergency shutdown systems
(paras 19.38-43); and (iii) fire and explosion protection (paras 19.44-103). The next 2
topics are concerned primarily with the protection of personnel: (iv) temporary safe
refuge, or safe haven, escape routes and embarkation points (paras 19.104-175); (v)
emergency centres and systems (paras 19.176-194); and the final topic is (vi) pipeline
emergency procedures (paras 19.195-197). I conclude with my observations on the
mitigation of incidents (paras 19.198-199),

19.2 In the aftermath of Piper there were many calls for there to be requirements
for particular hardware solutions and these were echoed in some of the submissions.
Examples are subsea isolation valves, blast walls, separare accommodation platforms
and enclosed escape routes. I have heard a wide range of evidence on these rnatters.
I will give my views in this chapter on the extent to which it is appropriate for me to
make specific recommendarions and, where 1 do nor, I will explain how I believe the
matter should be handled.

19.3 As I have indicated in Chapter 17, I am in favour of goal-setting regulations
and a Safety Case. Some topics, such as fire and explosion protection, may be dealt
with both by regulations and by the Safety Case. Broadly speaking, the regulations
set goals for the basic design and operation of the system. The Safety Case demonstrates
the adequacy of the system in relation to major hazard accidents.

Hydrocarbon inventory, risers and pipelines

19.4 The Piper disaster highlights the importance of the hydrocarbon inventory both
on the platform itself and in the pipelines. The scale of the fires was due to the failure
first of the Tartan gas riser and later of the other gas risers. In the words of one of
the survivors, Mr ] M MacDonald: “The Piper did not burn us; it was the other rigs
which burnt us.” As far as concerns the inventory on the platform, the gas and
condensate in the plant appear to have been vented and blown down within a few
minutes, but there were significant quantities of oil in B Module, the major sources
being the separators and the MOL, which fed the pool fire responsible for the further
escalation.

19.5 In this section [ will review the evidence on the ways in which hydrocarbon
inventory on the platform may be minimised and will consider the prospects for
reducing the number of pipelines and risers connected to it and, failing that, for
minimising the risk from them, in particular the various types of valve available for
shutung off the flow in an emergency.

Mirinnsation of installation tnventory

19.6 Increasingly minimisation of hydrocarbon inventory is being made a design
objective for onshore plants. It was a major theme of the Advisory Committee on
Major Hazards (ACMH). Such inventory reduction is a specific example of the more
general principle of inherently safer design, that is to say, designing hazards out. It is
necessarily more difficult in any plant handling fuels. Nevertheless, the principle is
valid offshore also and should be applied.
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19.7 A well designed venting and blowdown system is able to dispose of most of the
invenrory of hydrocarbon gas and condensate on the platform to flare within a few
minures. The guidance notes to the Construction and Survey Regulations deal with
blowdown and venting of the hydrocarbon inventory. There appears to be no other
explicit requirement for, or guidance on, the minimisation of the hydrocarbon inventory
on the platform.

19.8 The other main sources of hydrocarbons are the liquid inventories, particularly
the oil in the separarors and the diesel fuel. The contribution of the oil in the separators
to the fires on Piper has already been described; that of the diesel fue] is not known,
but may well have been significant. Mr A B Fleishman, Senior Safety Engineer with
BP International, in his risk assessment of the Gyda platform found that the diesel
fue] gave rise to an appreciable risk. Measures taken to minimise inventory in the
design of the Shell Kittiwake platform were described by Mr P A C Doble, Deputy
Project Manager. He devoted a section of his account of the design to this topic and
described the efforts made 1o minimise inventory in the separators.

Minimisarion of number of risers

19.9 In accordance with the principle of inherently safer design, the first possibility
which should be considered in addressing the hazard from the risers is to remove them
altogether.

19.10 Some means of exporting the products, oil and/or gas, is unavoidable on a
production plaiform. Such a platform will normally have an oil and/or gas export
riser. In many cases platforms have additional risers. Hisrorically, there are a number
of reasons for this, including the ease of tying in a new connection on a platform
compared with doing so beneath the sea; and the need of some platforms such as
Claymore o import gas. Developments in the UKCS, spoken to by Dr Taylor, to
which I referred in Chapter 16, mean that there will be an increasing trend to tie in
satellite developments to existing platforms by pipeline so that the number of risers
will tend to increase. Many of these pipelines will be flow lines, containing 2-phase
gas-oi) mixtures.

19.11 Evidence on the potential for reducing the risk from risers by keeping their
number 10 a minimum was given by Mr R Willatt, Senior Pipeline Engineer in the
Engineering Pipelines Group of BP. The burden of his evidence was that the scope
for reducing the proportion of pipelines which were brought on to platforms was
limited. Typically additional pipelines were brought to a platform from satellite
developments and from remote platforms. The need 1o tie in a pipeline to other
pipelines was one reason. There were available methods of undersea tie-in such as the
use of Y and T pieces, but these might involve problems of line diameter, pressure
letdown and pigging. Another reason was that for satellite developments the consider-
abJe advances made in subsea separation and instrumentation had not yet obviated the
need for fluid processing and metering on a parent platform.

19.12 A separate riser platform allowed pipelines to be brought to a main platform
which might have limited space or inadequate strength for additional risers. Normally
the riser platform would be bridge-linked to the main platform and the pipelines
would pass across a pipe bridge. The main platform would be less vulnerable to riser
failure and the risers would be less at risk from process incidents. A separate riser
platform was, however, a very costly solution. Mr Willart was unaware of any platform
which has the sole function of supporting risers.

Minimisation of risk from risers

19.13 Given that a pipeline is to come to a platform, measures need to be taken to
minimise the risk from the riser. Measures available include the design of the riser,
location of the riser, fire protection of the riser, and the fitting of valves which will
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shut off flow. These may include a topsides emergency shutdown valve (ESV) and
subsea valves, whether a non-return valve (NRV) or a subsea isolation valve (SSIV).

19.14 Mr Willatt described some of the feacures to be considered in location of risers,
in order both to reduce the frequency, and to limir the consequences of, failure. The
riser might be at risk from fire and explosion from process or wellhead areas or other
risers, from dropped objects, or from attendant vessels. It might constitute a hazard
to the safe haven and the control room and to the process and drilling areas. He
advocated that the length of the riser pipe between sea level and the pig trap be kept
to a minimum and long horizontal runs avoided.

Fire protection of risers

19.15 Fire protection of a riser may be active fire protection using a water deluge or
passive fire protection using a fire resistant coating. Passive fire protection using a fire
resistant coating appears attractive because it is less liable to be disabled by the incident
itself. Unfortunately, it has the disadvantage that corrosion of the riser pipe may occur
under, and be aggravarted by, the coating. Mr Ognedal described one of the first major
accidents in the North Sea which occurred on 1 November 1975 when a 10 inch riser
burst on Ekofisk A, a severe fire followed and 3 men died due to maloperation of a
rescue capsule. The fajlure was caused by corrosion of a section of riser which had
been repaired but had not been properly recoated and which was located more or less
at sea level. Passive fire protection of risers was explored with several witnesses. The
risk from corrosion will depend partly on the type of corrosion which occurs. Some
types reduce the thickness of the metal, others weaken the metal which remains; the
latter would be particularly insidious. It was Mr Willatt’s expectation that the corrosion
would tend to be general pitting corrosion, but that the extent of corrosion which
might occur berween normal inspection intervals could be significant. On the
fireproofing of risers Dr R B Gilbert, Chief Engineer on the Nelson Project Team
with Shell, was asked whether the state of knowledge was such that it was not known
whether the application of fireproofing might make the situation worse or not, and
agreed this was a fair statement of the position. Mr A J Adams, Principal Pipeline
Inspector with the Safety Directorate, described a joint programme of research
cornmissioned by UKOOA and the DEn at the British Gas Spadeadam site on the
ability of coatings used for fireproofing to withstand the erosive effect of jet flames,

18.16 With regard to practice in respect of the fireproofing of risers, Mr Adams
stated that it was not common practice. Mr E F Brandie, Safety and Compliance
Manager of Chevron (UK) Ltd, knew of no riser with fireproofing in the UKCS. Mr
Ognedal stated that since the Ekofisk A accident it has been normal practice in the
NCS to consider fireproofing of risers, but he was unable to give even an approximate
figure for the proportion which are fireproofed. Mr T Nordgard of Statoil stated that
the risers on Gullfaks A are not fireproofed.

Observations on mintimisation of inventory and on risers

19.17 The minimisation of the hydrocarbon inventory both on the installation and
in the risers and pipelines connected to it should be a design objective and should be
a feature of the Safety Case. As regards the former, the Safety Case should address
the minimisation of hydrocarbon inventory not only in the main process plant but
also in fuel storages such as those for diese] and aviation fuel.

19.18 Emergency disposal of gas and condensate is effected during ESD through the
venting and blowdown system. No evidence was heard of any serious deficiency on
Piper in the venting and blowdown system, either during the disaster or otherwise.
However, it is right to emphasise that this system is a vital part of the arrangements
for preventing the fuel inventory from feeding a fire.

19.19 A major role was played in the Piper disaster by a large pool fire. The risk of
such a pool fire would be greatly reduced if some method could be found of disposing
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of the large oil inventories such as those in the separators. This is doubtless nort
straightforward, burt studies should be underraken to determine whether a practical
method can be found.

19.20 Control of the hazards from hydrocarbon risers should be a fearure of the
Safety Case, buct should also be addressed in those regularions dealing with aspects
which bear on the problem, including those dealing with the emergency shutdown
system and with fire and explosion protection. Possible risks from later, additional
risers should also be considered in the Safety Case.

19.21 Srudies should be done in support of the aim of minimising pipeline connections
to platforms. The development of subsea technology for fluid treatment and metering
should be progressed so that there is less need to bring pipelines to platforms.

19.22 The regulatory body should press hard for the resolution of the question of
passive fire protection of risers. Passive fire protection of risers is attractive in that it
appears less likely to be disabled by the incident itself. There is the risk, however,
that corrosion of the riser may occur beneath the coating and acrually cause riser
failure. There is also some question whether the coatings available will withstand jet
flames. Work needs to be done on both these aspects. The aim should be to bring the
technology rapidly to the point where either such protection is a reasonably practicable
option in a much larger proportion of cases or it is shown that jt does not have a
significant contribution.

19.23  Active fire protection of risers should not be neglecied, but due allowance
should be made in any assessment for the possibility that such protection will be
disabled by the incident.

Emergency isolation of risers

19.24 Prior to the Piper disaster the isolation requirements for pipelines were those
given in the Submarine Pipelines Safety Regulations. Reg 6 requires the provision of
effective means of shutting down a controlled pipeline at each of its imitial termination
points. The inadequacy of these arrangements was revealed when, following Piper,
the DEn wrote to operators requesting them to examine their arrangements for pipeline
isolation. Analysis of the responses indicated thart there were appreciable differences
in respect of such valves and 2 principal defects. Some risers had valves which were
not true ESVs and needed changes to their actuarors, control logic, etc. Although
some valves were |ocated near sea level, others were much higher up. Mr Adams
agreed thar prior to the disaster neither the industry nor the DEn had appreciated the
importance of locating these valves low down on the platform. I note that Piper was
provided with ESVs on the 3 gas risers, but that one of these, the Claymore line ESV,
had only recently been uprated and that the valves were not near sea level but high
up on the platform.

19.25 The regulations now made by the DEn, the Emergency Pipe-line Valves
Regulations 1989, require that a full ESV be fitted on a riser and that, in effect, this
valve be located as near to sea level as practicable. The regulations apply to some 400
existing pipelines. They have resulted in modifications to some 200 pipelines. Of these
modifications some 130 involve relocation of the ESVs, some 40 upgrading of the
valves to make them fully functional as ESVs and some 30 installation of new valves
where the existing valves were not suitable for such upgrading.

Subsea wvalves

19.26 Another method of isolating a pipeline is the use of a subsea valve, Such a
valve needs to be located some distance from the platform, so that it is less ar risk
from objects dropped from vessels or dragging anchors and so that it is far enough
away to ensure that a gas cloud from a rupture on its far side is not ignited from the
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platform. There is necessarily therefore an appreciable inventory in the pipeline
between the valve and rhe platform. It was emphasised by Dr Gilbert that if riser
rupture occurs, a subsea valve cannot prevent a release; it can only mitigate it.

19.27 There is a distinction to be made in subsea valves between NRVs and SS1Vs.
An NRV may be installed on an export pipeline, burt, by its nature, not on an import
line. An NRV has the advantage that it responds very rapidly, but it has a number of
disadvantages. It may prevent a flow in an export pipeline being reversed for operational
reasons such as routine depressurisation, it makes it more difficult to pig the line, it
is liable 10 be damaged by pigging and it will not prevent a small leak.

Subsea isolation valves

19.28 Two studies conducted to assist in deciding whether to install subsea isolation
valves (SSIVs) were presented to the Inquiry, one by Dr Gilbert and one by Mr M
P Broadribb, Central Safety Engineering Superintendent with BP Exploration.
Although the approaches taken in these 2 studies appeared quite different, the BP
work comprising a full QRA and the Shell work concentrating on conseguence
modelling, Mr Gilbert did not admit any fundamental difference. In his case there
were no areas of doubt which might make a full QRA necessary. The company had
sufficient information from the consequence modelling to make its decision.

19.29 The Shell study highlighted the importance of the criteria used for the integrity
of the accommodation and its supporting structure with a jet flame playing on it. For
guarters with an A60 wall it was estimated that the air temperature would reach the
breathing tolerance limit in about 25-30 minutes, but that fumes generated from the
insulation would render the air unbreathable within aboutr 16-17 minutes. The
endurance of the quarters was thus taken as 17 minutes. It was estimated that an
unprotected supporting structure would fail to support the quarters after abour 8
minutes, and this period was thus taken for the endurance of such a structure. The
endurance of a fireproofed structural support was estimated as about 60 minutes.

19.30 Another significant point in the Shell study was the effect of the duraton as
well as the length of the flame. A full bore rupture was not necessarily the worst case,
Partial rupture which resulted in a longer duration flame was in some cases a greater
threat. In modelling the flames use was made of research into large natural gas jet
fires carried out in 1988 by Shell and British Gas at Shel)’s Thornton Research Centre.

19.31 The Shell study, which covered some 48 gas risers, resulted in the decision to
install SSIVs on the 8 nsers rupture of which could cause failure of the quarters; and
1o take other measures in the case of 11 other risers. In 3 cases these measures were
to provide shielding for the quarters and in the other cases to review the fireproofing
of the structure. The BP study had led 1o recommendations of about 8 SSIVs on some
5 separate installations.

Subsea valve reliabiliry

19.32 The reliability of all 3 types of valve - ESVs, NRVs and SS1Vs - was explored
in some detail. For all 3 types the reliability of prime interest here is the probability
of giving tight shutoff on demand. The other aspect of reliability is the probability of
avoiding spurious action. For ESVs Mr Broadribb quoted a 0.97 reljability for tight
shutoff based on a published collection of offshore reliability data. For subsea valves
Dr Gilberrt stated that the reliability has in the past proved less than satisfactory. He
doubted if data on the probability of successful operation on demand of any large
population of such valves were available. From the cases he quoted I understood that
he was referring mainly to NRVs. As for SS1Vs, Mr Broadribb described them as not
yer a mature technology. The valves are not commercially available in the full range
of sizes and classes. The number of SSIVs installed is not large and the database from
which to determine their reliability is therefore small. He considered SS1Vs as nowhere
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near as reliable as the equivalent topsides valves. The value which he used for the
reliability of SSIVs was 0.95, which he said was a figure which the industry expects
1o be able 1o achieve in the relatively near future.

Subsea isolatton valve practicalities

19.33 Dr Gilbert was questioned on the details of the SSIVs which Shell are
installing, The inscallations will consist of a pair of valves at each location. The larger
30 inch valves are among the largest produced; the valves are “specials’’; and the
number of suppliers is limited. The tme for delivery was estimated as perhaps 15
months and that for completion some 6 months thereafter, bur mnstallation would be
possible only during the summer. He was not able to give the cost of an SSIV or its
installation, but agreed thar putting in the SSIVs described was one of the largest
single safety bills carrently faced by his company and thar an estimate for the cost of
the best part of £50m seemed reasonable. It was also indicated in the submission by
Occidental that the company believes that the technology of SSIVs has progressed to
the stage where these valves have a sigmificant contribution to make to safety, though
they are not necessary on every pipeline. Such valves have been installed on the
hvdrocarbon pipelines on the Claymore platform and it is the intention to install them
on new platforms. As far as concerns Norwegian practice, it was Mr Ognedal’s evidence
that chere are NRVs installed in, for example, the Statfjord field, bur that 1o date there
were no SSIVs. Research by Shell on the reliability of subsea valves was described
by Dr Gilbert. A programme to improve valve reliability was started in the early 1980s
and is still continuing. The work is concerned particularly with problems of corrosion
and mainrtainability on the seabed.

Observarions on emergency isolation and subsea valves

19.34 Hydrocarbon risers, except those which present no threar, should be fitted
with a full ESV located as near to the sea leve] as practicable, taking into account the
need to avoid corresion and to maintain the valve. The DEn has already acted to
ensure this through the Emergency Pipe-line Valves Regulations. This action 1s
endorsed.

19,35 The requirement 10 have an ESV and to locate it near sea level 1s a specific
prescriptive requirement relating to hardware. In general I take the view that
prescriptive requirements on hardware are undesirable, but there are exceprtions.
There are cases where a measure addresses a significant hazard where there is an
overwhelmingly clear balance of advantage in its favour; where it is clearly reasonably
practicable; and where this situation is likely to pertain for an appreciable period, so
that it {s inconcejvable that it should not be taken. I regard this as such a case. My
support for the DEn regulauon in this case, therefore, 1s based on the view that it is
appropriate, and not simply on an unwillingness to disturb a set of regulations before
they have had a fair trial.

19.36 It was submitted that the Inquiry should also recommend that there should be
a requirement for SSIVs. The Trade Union Group and the Piper Disaster Group
wished to see essentially default requirements for SSIVs. However, I accept the
evidence that there is a wide variety of situations involving risers and that the varjation
of risk is correspondingly great. This being the case, SSIVs can make a major
contribution o safety by reducing the risk from risers, but they are a reasonably
practicable solution only in a proportion of cases. The proper approach, therefore, is
to determine the need for SSIVs on the basis of the Safety Case.

19.37 Nevertheless, it is my view that the evidence also shows thart if progress were
made in the technology of SSIVs, there would be a larger proporticn of cases where
it would be reasonably practicable to use them. Iv is praiseworthy that some companies
have gone ahead and installed SSIVs despire the undoubted difficulties. There remains,
however, a chicken and egg situvation: installation of SSIVs is held up by lack of
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information on performance but the latter will be slow in coming unless more valves
are installed. There needs, therefore, to be pressure towards the development of more
reliable and less costly subsea isolation valves. The aim should be to bring the
technology rapidly 1o a point where such a valve js a reasonably practicable option in
a much larger proportion of cases. Since it is the field performance of these devices
which matters and since a reasonably large sample is likely to be required, the
regulatory body may need to develop unconventional methods of progressing this
work. Configurations where there are 2 SSIVs in paralle!l will permit more frequent
test closures. Work should also be done to advance the technology of NRVs.

Fire and gas detection and emergency shurdown systems

19.38 Turning to fire and gas detection and emergency shutdown systems, there are
3 main points which I take from the evidence on these systems on Piper. Firstly, the
explosion occurred before signals from the gas detection system had led 1o either a
manual or automatic ESD. Secondly, the ESD of the gas pipelines was not part of the
platform ESD, and ESD had to be effected manually for each pipeline separately from
the Control Room. Thirdly, some of the ESVs appear not to have closed fully.

19.39 1 did nort seek evidence in Part 2 on fire and gas (F&G) detection systems, but
it is convenient to mention here a particular point made by Mr E F Brandie, Safety
and Compliance Manager of Chevron (UK) Ltd and Chairman of the UKOOA Fire
Protection Working Group. It concerns infra-red (IR) fire detectors. In the guidance
notes to the Fire Fighting Equipment Regulations the fire detection devices referred
to are limited to ultra-violet (UV) detectors, but these have proved historically to be
prone to spurious trips from welding or from flare radiation with the result that
systems are sometimes keyed out. He went so far as to agree that for some applications
such systems were not fit for purpose. IR detectors which at one time were prone to
spurious trips are now much more reliable in this regard and should be zllowed as an
alternative to UV devices. He did not, however, recommend a blanket change.

19.40 I have already referred in Chapter 18 to the account given by Mr Ashworth
of control and ESD systems.

Observations on fire and gas derection sysiems

19.41 In the light of the evidence in Part 1 I am not convinced that gas detection
systems are making their full contribution to protecting against leaks which may cause
serjous explosions. In particular, if a leak occurs which warrants an ESD, it is very
desirable that this ESD be effected before ignition of the leak occurs, since there is a
risk that an explosion will interfere with the smooth execution of the ESD. In the case
of Piper the leak ignited quite quickly and it is perhaps debarable whether a gas
detection system which gave higher quality information would have made much
difference. In other cases it might.

Observations on emergency shutdown systems

19.42 In general, ESD is well covered in the guidance notes to the Construction and
Survey Regulations, but I am concerned by the 2 points which I mentioned above.
One is the activation of the ESD for the pipelines. There were reasons for the system
on Piper in which ESD had to be effected separately for each gas pipeline, since ESD
of a pipeline would force an ESD on the connected platform and such forced ESD is
generally undesirable. However, the arrangements for the ESD of pipelines are a
matter of some importance if the full value of ESVs and SSI1Vs is to be realised, They
should be one of the features considered in the Safery Case.

19.43 The second point concerns the failure of ESVs 1o close under severe accident

conditions, which include fire, explosion and strong vibration. Platform vibration, or
shock, caused by the explosion was discussed by Dr Cubbage and was one of the few
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explanations advanced for the apparent incomplete closure of ESVs on Piper. Work
needs to be done 1o determine the vulnerability of ESVs to severe accident conditions
and to enhance their ability to survive such conditions.

Fire and explosion protection

19.44 I turn now to protecrion against fire and explosion. The initial explosion on
Piper knocked our the Control Room and disabled power supplies, communications
and the fire-water deluge system, and caused severe vibration which may have affected
the ESD system. It generated missiles and led within seconds to further releases and
fires, in particular a major fire which gave a massive smoke plume enveloping large
parts of the installarion and leading within about 20 minutes to the rupture of the
Tartan riser. From the start the fire and smoke threatened the accommodation and
hindered escape, both from the accommodation and outside, and access 1o and use of
the lifeboats.

19.45 1 will give in this section my review of the evidence on protection against both
fire and explosion, starting with the latter, but will defer my observarions ull the end,
since I have come 1o the conclusion that what is needed i1s an integrated approach.

Explosions in partially confined modules

19.46 The explosion on Piper occurred in a partjally confined module and it was on
this type of explosion that atrention was concentrated. An account of partially confined
explosions, or vented explosions, was given by Dr G A Chamberlain, Technical Leader
of the Explosion Protection Review Task Force of Shell Expro. His account made
clear cthar such an explosion 1s a complex process. The over-pressure developed in the
explosion derives in the first instance from the volume production of hot gas but there
is also a contribution {rom the effect of flame speed. The pressure is reduced by release
of gas through vent apertures and increased by obstructions which cause rthe flame to
accelerate. There is also the possibility of an external explosion, unambiguously
confirmed only in 1987, which in turn reacts back on the pressure in the module. The
severity of a vented explosion depends on a large number of factors, including the
fuel, fuel-air ratio, initial temperacture, initial turbulence, location and strength of the
ignition source, enclosure size, vent area and obstructed regjons.

19.47 There 1s no fully saristfactory fundamenral method of predicting the over-
pressure of an explosion within a vented enclosure. There exist empirical equations,
but they are generally of limited use; they have usually been derived for empty vessels
and tend not to take into account complicaung factors such as internal obsracles or
external explosions. More useful are computer models and scale model experiments.
Computer models include the FLLACS code of CMI and the CLICHE code of British
Gas, to which I have already referred in Chapter 5. Dr Chamberlain also described
another kind of computer model exemplified by the Shell VENTEX code. The model
is semi-empirical and is based on extensive experimental work at Thornton Research
Centre. The purpose of the code is to provide the engineer with a knowledge of the
principal features of a vented explosion and an indication of the extent of the hazard,
pnior to the use of more fundamental models. These theorerical models may be
complemented by scale model experiments.

19.48 Turning to practical applications, Dr Chamberlain described the features
which affect the severity of a vented explosion and which the designer should take
into account. The explosion severity is minimised if the volume of the enclosure and
the extent of the obstacles in it are munimised and the venrt area is maximised. LLong
narrow modules should be avoided. The distance between obsracles should be increased
and the blockage ratio decreased. He presented a number of examples illustrating
layout features which enhance or reduce the severity of a vented explosion. The
principal measures favoured by Dr Chamberlain to mitigate an explosion in a pattially
vented module were good ventilation and good venting. Essentially the approach
advocated was to keep down the over-pressure of the explosion.
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19.49 Dr M W Vasey, Manager of Safety Modelling and Offshore Safety at British
Gas Midlands Research Station, described work being done by British Gas to
investigate the efficacy of water deluge for the suppression of explosions in modules.
The concept behind the work was that if water deluge could be activated to drench a
flammable gas cloud before jt ignired, the strength of the explosion might be greatly
diminished. This concept is being tested in experimental work at Spadeadam by
British Gas. The work has shown that water deluge can effect an appreciable reduction
in explosion over-pressure. There is, however, a significant problem in activation of
the deluge, which, to be effective, needs to be operating before ignition occurs. Dr Vasey
envisaged that it might be activated by the gas detection system, but acknowledged a
difficulty in effecting such activarion and suggested as an alternative the possibility of
water curtains spaced at about 5m intervals and running continuously. He agreed this
would affect the natural ventilation.

Explosion mitigation by venting and other methods

19.50 Dr Chamberlain went on to describe the design oprions for mitigation of
explosions by way of venting and other methods. He prefaced his remarks by
emphasising the importance of preventing explosions by eliminating leaks and ignition
sources and by dispersing leaks by ventilation. The measures which have been used
to mitigate any explosion which does occur are to provide vents to reduce the over-
pressure and blast walls to contain it.

19.51 Venr area may be provided in a module by leaving open the ends, by the use
of open grating for floors and ceilings, by putiing hatches in ceilings and by removing
walls or weakening them so they fail at low pressures. There has been some move
towards the use at open ends of lightweight weather barriers which both promote
natural ventilation and provide a vent area. Where an open grating floor might create
problems with spillages, use has been made of lightweight blowout panels sufficient
to channel away any spillage but weak enough to come off in the event of an explosion.

19.52 For a new platform, measures which can be taken to mitigate an explosion
include the Jayout of the modules and of the equipment within them. Venting is less
effective in long, narrow modules, particularly if the ignition source is far from the
open end; short, wide modules are preferable in this regard. The vessels, equipment
and pipework may be arranged so as to reduce their effect as obstructions in enhancing
an explosion. For an existing platform, where the layour is fixed and the equipment
not readily rearranged, venting may be improved by modification of walls, floors and
ceilings, as described above, Dr Chamberlain gave examples of retrofitting involving
the installation of grated floors and cejlings and of removal or weakening of walls.
This general approach was supported by Dr Vasey, who stated that it was his belief
thac if walls between modules were removed and solid floors replaced by grating, this
would greatly improve the effectiveness not only of venting of explosions but of
dispersion of leaks. However, he drew attention to the fact that in some cases this may
be contrary to regulatory requirements. The allusion was evidently to Reg 11 of the
Fire Fighting Equipment Regulations and the associated guidance on reference areas.

19.53 The practical application of methods of mitigation of explosions, and particul-
arly venting, in the design of the Kittiwake platform was described by Mr Doble.
Studies were done involving extensive wind tunnel tests to ensure good ventilation to
disperse leaks. The segregation of vulnerable features from high risk areas by platform
layourt provided the first defence against explosion. Explosion modelling was used 1o
assess the risk from these areas. Venting was utilised extensively to minimise explosion
over-pressures. The outer sides of the process and wellhead modules were provided
with walls of just sufficient area to provide protection from the weather and with gaps
top and bottom and weak enough to act as vent panels in the event of a strong
explosion. In some areas, particularly the wellheads, use was made of grated decks.
Walls in the process area atr one end of the platform constituted vent panels. Mr Doble
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was examined on possible difficulties due to spillages in using grated floors. He agreed
there was some problem, particularly with mud spillages in the wellhead area, but did
not regard it as a Major one, in either the wellhead or the process areas.

Explosion containnment by blasr walls

19.54 The design of blast walls to contain an explosion was described by Mr A W
Van Beek, Head of Offshore Structures Engineering of Shell Expro. He stressed thart
the designer should seek first to reduce the explosion over-pressure by venring and
other measures. For a new platform there was a range of layour and venting options,
while for an existing one the venting method which was often pracrical was the use of
open grating. -

19.55 As far as concerns existing platforns, Mr Van Beek confirmed that some
platforms had only firewalls and not blast walls. He was asked whether such firewalls
could be strengrhened to protect against blast, butr was reluctant to commit himseif.
He agreed that the measures to strengthen a wall which he described might well mean
tearing the whole wall apart. He was asked wherher he was aware of any blast wall
fitted since the Piper disaster, but did not know of any. Installation of blast walls
presented problems of space and weight, which were especially severe for retrofitting
of existing platforms. Access might be a further difficulty. With regard to the strength
of blast walls on existing platforms he was reluctant to generalise, but stated thart from
analyses done the strength of a typical blast wall (not a firewall) on an existing platform
was of the order of 0.4-0.5 bar. In new designs a typical range of strengths was 0.2-
1 bar.

19.56 Comments on blast walls were also made by Mr Brandie. He pointed out that
the fire resistance of a wall bore no relation to its blasrt resistance; a wall with a I-hour
rating might withstand explosion over-pressures berter than one with 4 hours resistance.
He was asked about combined fire and blast walls; he believed walls approved agajnst
both fire and blast existed. He did not know of any installed. He regarded firewalls
and blast walls as “different animals”.

19.57 Although in the Kittiwake design the prime emphasis is on venting, use 1s also
made of blast walls. Two main blast walls are installed o contain the effects of an
explosion, one berween the process area and the wellheads; and one between the
wellbeads and the urtilities. Earlier blast walls had been designed to withstand by
elastic deformation an over-pressure of 0.3 bar. The blast walls on Kittiwake have
been designed using explosion modelling and using an alternative failure criterion
based on plastic deformation. Mr Doble stated that it was practice in such modelling
to use a worst case ignition source location and he believed the scenario considered
had been a module filled with a stoichiometric mixture. For the blowout preventer
(BOP) area the original predicted over-pressure was 0.8 bar. In this case there was
scope 1w provide 25%, additional vent area by utilising the area under the drilling
derrick; and the predicted over-pressure was reduced to 0.6 bar. The blast wall was
designed to withstand 0.6 bar. For the separator area the predicted over-pressure was
0.9 bar and no method of improving the venting had been found. It was necessary to
design a correspondingly stronger blast wall.

19.58 The use of a blast wall involves the danger that if an over-pressure occurs
which the wall is not strong enough to withstand, the wall will disintegrate and give
rise to missiles. The higher the pressure at which the disintegration occurs, the greater
the energy imparted to the missiles.

Fire prevention and protection

19.59 Fire prevention and protection was spoken to by Mr Brandie in a paper devoted
to this and also in his paper on safe haven. He began by listing some of the basic
concepts of prevention, mitigation and protection, described active and passive fire
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protection and went on to develop the argument that currently design against fire was
hampered by the regulatory requirements and that the regime should move to one
based on fire risk analysis.

Fire risk analysis

19.60 In Mr Brandie’s view the principal threat to the platform was major fires.
Essentially means existed to cope with lesser fires, but major fires were becoming of
growing concern to fire engineers. Increasingly the fire hazard was the subject of a
fire risk analysis. This involved in the first place the identification of fire scenarios.
The scenarios might be studied using the methods of risk analysis such as fault trees.
The risk might then be eliminated. Alternartively, preventive or protective measures
might be taken.

Pool fires, jet fires and smoke

19.61 The 2 principal types of fire against which fire protection is required are pool
fires and jer fires. In Mr Brandie’s view jet fires constituted the greater threat. He felt
fairly confident of being able to conrtrol any but the largest pool fire; he was less
confident about a jet fire. As videos shown to the Inquiry illustrated, a large jet flame
may traverse a module. The heat flux from a jet fire tends to be much greater than
that from a pool fire. According to Dr Gilbert, the levels of thermal radiation from a
non-impinging flame, from an enveloping pool fire and from a riser jet fire were some
100, 250 and 300 kW/m?, respectively.

19.62 However, as the disaster showed, a large pool fire js also a significant hazard.
One measure which can be taken to minimise this is reduction of inventory. Another
is sloping the floor under vessels and pipework containing significant inventory so that
any liquid oi) spill is drained away, and generally taking steps to minimise the areas
of potenrtial pool fires. As far as control of a pool fire is concerned, the method used
is to smother it with foam inducted through the regular water deluge system.

19.63 As far as Mr Brandie was aware, the minimisation of smoke from platform
fires had not been per se the subject of much investigation, but measures which
minimise or control a pool fire, particularly foam blanketing, would reduce smoke.

Active and passive fire prorection

19.64 Ideally fire protection should be a suitable combination of active and passive
measures, but in Mr Brandie’s experience the adoption of the best technical solution
has been hampered by the split of the regulatory requirements for passive and active
fire prorection between 2 different sets of regulations administered for the DEn by
different authorities. Passive fire protection was dealt with in the Construction and
Survey Regulations and active fire protection in the Fire Fighting Equipment
Regulations. For these the industry had to deal with the certifying authorities and the
DoT, respectively. The existing guidance on passive fire protection did not acrually
prevent the operator from implementing acrive fire protection in addition but by
failing to allow credit for the active fire protection it tended 1o frustrate the best
technica) solution. Similarly, guidance on active fire protection tended not to allow
credit for passive measures. Moreover, Mr Brandie believed that the volume of detailed
guidance, running to some 80 pages, on active fire protection had led to an over-
emphasis on this to the detriment of other measures. In his view there were other
aspects of fire protection which in some cases were more important, including layout
and passive fire protection, but there was much less guidance on these. He stated that
in 1986 the UKQOOA Fire Protection Work Group had made a strong plea to the DEn
for the relevant sections of the 2 guidance notes to these 2 sets of regulations to be
amalgamated. However, he saw the draft fourth edition of the Construction and Survey
guidance notes as perpetuating the split.
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19.65 Although he described it as a ‘““black art™ and a developing one, Mr Brandie
considered that passive fire protection had an important role to play. It had the great
advanrage thart it gave immediate protection without the need for specific initiation
and was less dependent on systems which might be disabled by an explosion such as
power supplies. Moreover, it had relatively low maintenance requirements. As against
this it provided protection for a limited duration compared with active systems. It
might degrade due to weathering and marine environment effects. Its resistance to
impact and explosion and to water jets was uncertain. It might conceal or even
aggravate corrosion of the surfaces to which it was applied. Overall, however, his
company considered passive fire protection sufficiently valuable to have spent some
£2m in the last 2 years on refurbishung and upgrading passive fire protection on 3 of
1ts platforms.

Wazer deluge systems by reference areas

19.66 The Fire Fighring Equipment Regulations require in Reg 11 that an installation
should have a water deluge system or monitors, or both. The guidance notes introduce
the concept of a “‘reference area” for application of the warer bounded by vertical
class A divisions or the edges of the installation; and give a minimum water rate of
12.2 litres/m? min. This reference area concept is unique to the UK offshore oil
industry. It is not recognised for onshore plants in the UK nor does it occur jn the
codes of the National Fire Protection Association. The guidance notes state that “‘the
intention is to assess proposals for water proteciion on an installanion by installation
basis”; and again that “A water deluge system designed and installed in accord with
a suitable standard or code which meets the specification of the general reference area,
might be accepted.” Despite this Mr Brandie estimated that more than 909 of deluge
systems installed offshore followed the guidelines in the guidance notes. He pointed
out that active fire protection was typically designed by contractors who found it
easiest to adhere to the guidance. The approach had become stereotyped.

19.67 One adverse effect had been on ventilation. Reference areas were basically
defined as the complete floor areas of hydrocarbon processing modules and were
enclosed by A or H rated firewalls and the edges of the insrallation. In order to limit
the size of reference areas, and hence the water to be delivered, additional firewalls
had often been used, so rthat modules became compartmentalised. This reduced narural
ventilation and led to the need for mechanical ventilation and might increase the risk
of explosion.

19.68 Another effect had been the installation of massive water deluge and pump
systems. The deluge systems used involved a vast number of individual nozzles and
associated small bore pipework. The delivery of a uniform water rate of 12.2 litres/m?
mun over the whole reference area Jed to very high water requirements; and the need
1o provide addirional water to counter the ‘shadow’ area underneath equipment could
almost double the requirements.

19.69 Even so, the systems might be of limited effectiveness against major fires. For
protecrion of individual items of equipment, the water direcied straight at che floor
was “wasted’’, though it was a high proportion of the total. On the other hand only
very limited pool fires would be extinguished by an application of 12.2 litres/m? min
and this would require the use of foam induction.

19.70 These deluge systems with their small bore pipework were prone to uneven
distribution of the water. Discharge nozzles close 1o the deluge control valve might
be at a pressure up o 3 bar higher than remote nozzles. The systems tended to suffer
from severe blockage problems. Nozzles and small pipework were prone to plug. This
had led to the use of wet tests to check the state of the system, which tended to
compound the problem. Often the systems were too large to be drained, flushed with
fresh water or blown drv. Plugging even occurred in the headers. Older systems using

314



galvanised steel were partcularly prone to blockage, but despite the use of corrosion
resistant materials the problem persisted.

19.71 As far as concerns explosion, the water deluge pipework added significantly to
the “clutter” effect and might enhance the over-pressure from an explosion. The
systems themselves with their small bore pipework were vulnerable to explosion.

Fire protection systems by scenario-based design

19.72 The alternative approach advocated by Mr Brandie was the use of fire risk
analysis and what he called “scenario-based design’’. This was already practised by
companies to varying degrees, but he sought a regulatory regime which would positively
encourage it. The scenario-based design approach involved carrying out a fire risk
analysis to identify and assess the fire scenarios. Measures to control the risk derived
from these scenarios might or might not involve active fire protection. The latter was
only one weapon in the fire engineer’s armoury. In a given case some combinatjon of
measures might be more appropriate which might involve in addition or instead
measures such as layout or blowdown or passive fire protection. As far as concerned
active fire protection, the method involved protection of specific items such as vessels
and equipment rather than blanket protection of areas. On the basis of the fire risk
analysis the objectives of the fire protection were then defined; these might be to
control or to extinguish the fire or to provide fire exposure cooling. A deluge system
was then designed to fulfi] these funcrions.

19.73 The system of nozzles and pipework suitable to a deluge directed 10 specific
iterns was quite different from that required for area coverage. The nozzles required
were fewer burt larger and they could be selected to ensure better penetration of even
jet flames by the water droplets. Larger bore pipes could be used, with consequent
benefits in facilitating fresh water flushing, reducing blockage and imbalance problems,
minimising the “clutter” effect and rendering the system Jess vulnerable o explosion.
Mr Brandie expected that with this method the total warer requirement would be
somewhat less, although averaged out over the total area it would comfortably exceed
the standard 12.2 litres/m? min. This appeared to mean that the standard rate would
be exceeded with all deluges operating, but that in practice even the worst design
scenario would not require this.

19.74 Mr Brandie saw a number of advantages in his proposed approach. Major fire
hazards were specifically addressed and protecrion afforded commensurate with the
risk. Vulnerable items might be protected with larger quantities of water. Warter was
conserved and directed to points where jt would be most effective. He was questioned
on possible disadvantages. He believed that the principal perceived disadvantage was
that it would require greater expertise in both the operator and the regulatory
body. The current approach made design of active fire protection systems fairly
straightforward. He was also asked about possible disadvantages of foregoing a uniform
deluge. He believed that the omission of the odd scenario in the hazard identification
would not be t00 serious; the system should cope and there was manual fire-fighting
back-up. He considered that the system would be more effective against major fires,
both jet and pool fires. Items at risk would be protected with larger quantities of
water. The system should also be more effective against minor fires, which would tend
to be on items protected by the deluge. In any case minor fires were usually controllable
without the deluge. Asked whether he saw any role for the reference area concept, he
replied that some situacions might well be adequately protected by that approach, but
he was opposed to bringing in the scenario-based approach simply as an addition to
the existing reference area system.

Fire pump systems
19.75 Existing offshore fire-water systems based on the reference area concept had

a very large capacirty and required very large fire pumps. The pump capacity was
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governed by Regs 9 and 11 of the Fire Fighting Equipment Regulations which were
commonly understood to mean that each fire pump unit should have the capacity 1o
supply the water requirement for the largest single reference area, which was invariably
the wellhead area. Fire-water requirements could exceed 3000 m3/h. The pump
capacity required could be very large. Four or even 5 pump units might have to be
installed.

19.76 The requirement for assured power supply to the fire pumps had led to the
mstallation of diesel-driven pumps. It had been the invariable practice, therefore, to
install large diesel fire pumps. Historically such pumps had required a high degree of
maintenance and had had a poor availability on demand, which in turn had necessirated
additional pumps to meet the regulatory requirement. Many of these pumps were now
ageing, which compounded the problem. The enclosures needed to house such diesel
fire pumps were also large. Mr Brandie quoted an enclosure size of 10m x 8m. Tt was
therefore no easy task 10 locate such enclosures to achieve segregation.

19.77 A move away from reference areas would alleviate this situation, by reducing
the fire-water supply capacity needed and permitting the use of smaller, electrically
driven pumps. This would ease problems of location, segregation and protection.
Provided the electrical supply was assured, such pumps were highly reliable. There
remainred, however, the problem of disablement of the electrical supplies by severe
accident conditions.

19.78 Mr Brandie was asked about the requirements for fire pump availability given
m a DEn letter of 31 May 1989. He agreed thart this created an apparent requirement
for 1009, pump unit availability and rhat such a requirement was based on a different
philosephy from that usually applied in the design of protective systems, such as
Instrumented protective, or trip, systems, where some unavailability, albeit usually a
very small one, js accepted.

Hydrocarbon fire 1est

19.76 1 have already discussed the role of acceptance standards. One of the principal
such standards required in fire protection work is a hydrocarbon fire test. However,
Mr Brandie stated that there was still no internationally recognised hydrocarbon fire
test standard, that this was a problem and thart he believed it had been so for some 15
years. The conventional fire test involves putting the assembly in a furnace, heating
it up according to a standard time-temperature curve, and determining the times of
failure of the assembly and of any insulation. There are 2 principal types of fire test,
those for cellulosic, basically wood, fires and those for hydrocarbon fires. These lead
to A and H ratings, respectively. Failure in the test is defined in terms of integrity
and load bearing capaciry and of insulation performance of the assembly.

19.80 Fig 19.1 is that shown by Mr Brandie to illustrate a number of well known
rime-temperature curves. The BS 476 curve is for cellulosic fires and leads to an A
rating; its use for hydrocarbon fires leads to a design with a Jower safety margin unless
suitable allowance 1s made. Another somewhart similar curve is the American Society
for Testing and Materials (ASTM) E119 curve. The SOLAS curve, referenced in the
MODU code, 1s equivalent to this ASTM curve. The curve shown as “oil company”
is commonly referred to as the Mobil curve; and purports 1o be more representative
of hydrocarbon fires. The NPD curve is the Norwegian hydrocarbon fire test curve.
The curve marked in the figure with an asterisk is an interim hydrocarbon fire curve
proposed by the DEn. The Maobil, NPD and DEn curves lead to hydrocarbon fire
test, or H, rarings. The Mobil and NPD curves are both well recognised.

19.81 According to Mr Brandie, the time-temperature curve method is regarded as
far from satisfactory. He considered there was a consensus that ideally the test should
be based on heat flux. This was confirmed by Mr A R Mclntosh, Principal Inspector,
who srated that the DEn had commissioned the Fire Research Station to develop a
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heat flux test. However, there proved to be severe practical difficulties and the work
was aborted in 1983. Work on such a test had come to a stop. UKOOA submitted
that the appropriate Government department should be required to assist industry in
developing a hydrocarbon fire test.

19.82 Mr Brandie was at pains to emphasise that the standard fire test was no
guarantee of the behaviour of a structure in a real fire. In his words: “I think one of
the major misconceptions in fire protection is the belief that an assembly rating
indicates the time the assembly will survive in an actual fire.”
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Fug. 19.]  Some principal fire test time-temperature curves. The curve marked
with an asterisk is the Department of Energy’s interim hydrocarbon
fire test curve,

Fire proiection in the regulatory regime

19.83 Witnesses led by UKQOA argued thart fire protection should become an aspect
of the FSA; and the submission of UKOOQA was to thjs effect. UKOQA also submitted
that the concepr of reference areas and the specification of water rates for the deluge
system should be removed from the guidance.

19.84 The evidence of the DEn witnesses was that the Department was to some
degree moving in the direction of FSA. The most up-to-date statement of the
Department’s position was the discussion document on Fire and Explosion Protection,
spoken to by Mr McIntosh. The document proposes (Sec 2(a)) that an operator should
carry out an FSA of the fire and explosion hazards of the installation and should be
able to demonstrate that passive and active fire and explosion protection facilities are
sufficient. It also, however, sets out certain specific requirements for all insrallations
(Sec 2(b)). The means of complying with these latter are given in the guidance notes
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in the form of default criteria, which may need adjustment in the light of the FSA.
The document ijllustrates some of these default criteria. For example, it states that
guidance would recommend the use of H120 external boundaries for the accommoda-
non and control stations unless it can be demonstrated that some other standard is
sufficient. As another example, it states that guidance would recommend that escape
routes between the accommodation and lifeboat embarkation stations close to it should
be enclosed and rated to H120 standard unless other standards are demonstrated as
sausfactory.

19.85 Questioned on this document, Mr Brandie supported the use of FSA as
proposed in Sec 2(a). As far as concerns fire and explosion, he envisaged that there
would be a fire risk analvsis as part of the FSA. He was opposed, however, to the
proposal in Sec 2(b) for specific requirements with default criteria. He interpreted the
reference to default criteria as meaning that there would be specific absolute require-
ments from which the operator would need to apply for an exemption. He thought
thar the use of FSA and specific requirements was somewhat contradictory. He cited
as an illustration of the problem scenario-based design proposals for the Ninian
platforms. These proposals were based on fire risk analysis and would supersede the
existing system based on reference areas. The company had felt it necessary to put its
proposals to representatives of the DEn and the DoT at a single meeting so as to
ensure that they were acceptable 1o both; it stil] had to “cross the barrier of what the
certifving authority might think”,

19.86 Mr Brandie considered that the DEn’s proposals gave little encouragement to
scenario-based design, though it was not actually prohibited. The UKOOA Fire
Protection Work Group had held meetings with the DEn over a number of years ac
which it had pressed for the scenario-based design option, but the DEn had seemed
half-hearted. He believed that one reason might be lack of the necessary expertise.
Likewise, the perpetuation of rhe split between active and passive fire protection
shown by the draft fourth edition of the Construction and Survey guidance notes
suggested that acceprance of a unified approach was still some way off.

Observations on fire and explosion protection

19.87 It is clear to me thar prevention of and protection against fire and explosion
requires an integrated approach. Design in this area involves balancing a number of
factors and making compromises. For example, it is desirable 10 have good ventilation
to disperse any leak which occurs and desirable to prevent fire in one area spreading
10 another, but the use of additional firewalls for the latter purpose may frustrare the
former. There needs, therefore, to be a regulatory framework which facilitates such
an integrated approach.

19.88 To this end I have considered 2 oprtions. One is to subsume fire and protection
in the Safety Case. The other is to treat it separately by means of its own set of
regulations. I have decided to adopr the second option. The fire and explosion hazard
will necessarily be a major feature of the Safety Case. However, there are certain
features within the Safery Case which have a disunct identity and which will exist on
virtually all installations. One of these is fire and explosion protection. It seems sensible
to provide for such fearures by means of goal-setting regulations and thus strengthen
the framework of the Safery Case. Furthermore, whereas the emphasis in the Safety
Case is on major hazards, these regulations will deal in the usual way with all degrees
of hazard.

19.80 The essential requirements for fire and explosion protection should be
stated in regulations and should be supported by guidance. Complance should be
demonstrated by reference to a combination of company compliance standards,
guidance notes and safety assessmernt.

18.90 There should be a requirement in the regulations for a fire risk analysis
covering both major and lesser hazards. This analysis should involve the identification
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of the locations where fires may occur; the scenarios of fire and of their escalation; the
mitigatory measures available; and the assessment of the hazards and mitigarory
measures. The acceptance standards for the design should be developed by the
Operator.

19.91 The regulations should be framed in such a way as to allow fire protection to
be treated as an integrated whole. This means that it should be acceprable for the
design options to include the use of active or passive fire protection measures or a
combination of the two, and that the design should be assessed on the totality of the
measures taken. Here I have jn mind the whole range of measures available, including
minimisation of hydrocarbon inventory; drainage of spills of flammable liquids;
installation layout to segregate vulnerable targets from high risk areas; ventilation to
disperse leaks; elimination of ignition sources; systems to give early detection of gas
and fire; localisation of fire by fire resistant walls, floors and ceilings; passive measures
of fire protection; and active measures to control fire and to cool exposed structures
and equipment.

19.92 Likewise, the regulations should be framed in such a way as to allow explosion
protection to be treated as an integrated whole, enabling the designer to utilise the
whole range of available measures, including installation tayout; reduction of over-
pressures by equipment layout, venting, and other measures; localisation of explosion
effects by blast resistant walls, floors and ceilings; and minimisation of missiles.

19.93 Further, the regulations should be such as to allow protection against explosion
10 be integrated with protection against fire, so that the designer is free to adopt a
design which achieves the best overall compromise between various aspects of fire and
explosion protection.

19.94 To be explicit, in order to make best use of advances in knowiedge, [ believe
that cthe operator should have the freedom 1o consider designs guite different from
those which have pertained historically; specifically, designs involving features such
as larger vent areas and more open layouts; more frequent use of combined passive
and active fire protection; and water deluge systems which emphasise cooling of
equipment. It is not, however, for me to say how this freedom should be used in
derail.

19.95 As a general principle, the regulations should be sparing in their use of specific
requirements, although, as I have already indicated, [ do consider that there are cases
where it is inconceivable that there should nor be a specific requirement.

19.96 Likewise, as a general principle, the regulations and guidance should be so
framed and interpreted as to avoid the creation of default requirements from which
variatjion can be obtained only by means of a lengthy exemption process. For example,
requirements for the use of firewalls or blast walls i1n particular applications and
specification of the standards of fire resistance such as A60 or HI120 or of blast
resistance such as the 0.3 bar criterion, should be used sparingly if art all.

19.97 A fire-water deluge system should be provided to control fires of hydrocarbons
which have been released; to cool vessels and equipment containing further fuel which
may feed the fire; and to cool fire barriers. The standards for the system should be
set by the operator and should cover the function, configuration, capacity and
availability of the system and its protection against fire and explosion.

19.98 The regime governing the fire-water deluge system should move towards
scenario-based design with no requirement for any particular water deluge rate(s).
The scenarios considered in the design of such deluge systems should be comprehensive;
they should cover both pool and jet fires; and both small fires which tend to occur
more frequently and large fires which occur rarely but which constitute a major threat.
I recognise, however, that the current regime and most existing systems are based on
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the reference area concept and propose that this approach should be retained in
guidance as an option, at least in the medium term.

19.99 Similar principles should apply to the fire-water pump system. Current
regulations and guidance are onerous, being framed so that they apparently purport
to assure zero unavailability. It is indisputable thar the availability of these pumps
should be very high, but the proper approach is for the operator 1o set the acceptance
standards, in this case the capacity and the availability, and to demonstrate these by
FSA.

19.100 The regulations and guidance should promote an approach to the design of
fire protection systems which ensures thar as far as is reasonably practicable the
systems are able to survive severe accident conditions, including fire, explosion and
strong vibration. The fire protection systems referred to here include the fire-water
deluge system, the fire pump system, and the fire pump startup and changeover
controls. The ability of these systems to survive severe accident conditions should also
be a fearure of the Safety Case.

19.101 The behaviour of a fire barcier under actual accident conditions is inevitably
subject to uncertainty, but this is increased by the lack of an intemationally recognised
bydrocarbon fire iest. It is clearly desirable that any test used be realistic. It is equally
desirable that problems of devising a test should not prevent or delay the installation
of fire barriers which, though perhaps not ideal, nevertheless constitute important
safety fearures. The essential problem is not that of a test per se but of the information
which the test provides to the designer about the probable behaviour of the fire barrier
in real hydrocarbon fire condirions and of the degree of uncertainty the designer can
live with, bearing in mind that there is inevitably uncertainty in the fire exposure
scenarics. The DEn has already issued an interim test standard. This standard is based
on a time-temperature test, the profile of which is broadly intermediate between the
widely used Mobil and NPD curves. In the short term the regulatory body should
use this standard. It should work with the industry to obtain agreement on how this
and other tests should be interpreted for design purposes. If in the view of the
regulatory body there exists a need for an improved test, possibly a heat flux test, it
should work wich the industry to develop one.

19.102 The DEn discussion document on Fire and Explosion Protection is not
compatible with the approach just outlined and should be withdrawn.

19.103 The fire risk analysis is one of the measulres which the regulatory body should
ask operators to undertake forthwith.

Safe haven (or temporary safe refuge), accommodation, escape routes and
embarkation points

19.104 1 now come to the protection of personnel ip the immediate aftermath of a
major accident. As the fires on Piper escalated, there was no place which provided
protection from the flames and the smoke where they could shelter and try 1o control
the emergency and organise evacuauion or escape. Such prorection as was provided by
the ERQ proved inadequarte. Personnel working outside were unable to reach the ERQ
or the lifeboats.

19.105 This evidence pointed to the need for there to be on an installation a temporary
refuge which provides shelter against fires which may be massive and prolonged and
against the associated smoke. There need also to be routes which remain passable long
enough for personne! to reach the refuge and o move from the refuge to the
embarkartion points.

Parties’ submissions on safe haven

190.106 The concept of a safe haven was a principal feature in the submissions of the
parties. UKOOA proposed that the need for, location and protection of, and facilities
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in, a safe haven should be a feature of the FSA. A safe haven was part of the
submissions of the Trade Union Group, the Piper Disaster Group and the Contractors’
Interest, all of whom also made specific proposals for its protection.

Safe haven and temporary safe refuge

19.107 The general assumption was that the safe haven would be the accommodation
upgraded as necessary to provide a defined degree of protection. Mr Ognedal stated
that the safe haven is part of the toral conceprt of evacuation. It provides a place where
persons can remain while either the siruation is brought under conrtrol or a safe
evacuarion 18 organised.

19.108 However, several parties expressed reservations on the use of the term, mainly
because it might suggest that there is an area on the installation which can be
maintained in a liveable condition for an indefinite period and in all circumsrances.
UKOOA therefore proposed instead the term “‘temporary safe refuge” (TSR). T will
therefore adopt this latter term. Moreover, for the avoidance of confusion, I will use
this term in describing evidence even where the witness referred originally to safe
haven.

TSR 1n the regulatory regime

19.109 There should be a TSR on all manned instaliations. As I stated in Chapter
17, a central feature of the Safety Case should be a demonstration of the integrity of
the TSR in relation to the major hazards of the installation. Thus the TSR imparts
structure 1o the Safety Case. In this section I give further consideration to the TSR
and 10 the associated escape routes, embarkation points and lifeboats, 1o the construction
of the accommodarion and to the role of the Safety Case and of regulations in relation
to these.

Function of and facilities in TSR

19.110 Mr M ] Booth, Head of Operations Safety in the Safety and Environmenta)l
AfTairs Department at Shell Expro, described the TSR as a place where personnel can
muster without being exposed to undue risk. It was a place in which personnel should
not simply huddle but should act to assess and control the emergency and prepare
evacuation. This is essentially how I see the function of the TSR.

19.111  The concept of a TSR has implications for mustering. The 2 main witnesses
who spoke to rthis topic, Mr Brandie and Mr Booth, said that it was the policy of their
companies to muster in the accommodation, but acknowledged that practice differs,
another policy being to muster at lifeboat stations. I make no proposals on mustering
as such, but clearly any policy on mustering should be compatible with the TSR
concept.

19.112 Assessment and control of the emergency from the TSR requires the
availability within it of the necessary facilities. I consider this aspect in para 19.176 ¢¢
seq.

Endurance of the TSR

19.113 There was general agreement that the basic approach to the design of the
TSR should be to specify an endurance time for occupancy and then to identify the
hazards to which it may be exposed; to define agreed scenarios which it is to be
designed to withstand; and 1o perform a risk assessment to confirm the design.

19.114 Two general types of consideration were put forward as governing the choice

of endurance time, namely the exhaustion of the threat and the time to arrange
evacuation. For example, Mr Brandie referred to the need to allow the platform
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inventory 1o exbaust itself; Mr Booth to the need to allow any event on the platform
10 subside. The risk assessments showed that the safety measures taken obviated the
need for a longer period. The riser hazard, for example, was handled by limitation of
the risk rather than exrtension of the endurance time.

16,115 The other considerarion derermining the endurance is the time to effect
evacuation. Here the lead times for helicopter evacuarion will tend to give long
endurance time requirements. Mr Booth disagreed with the suggestion rthat the
endurance should be such as 1o allow for evacuarion by helicopter.

19.116 Mr Booth stated that the endurance time used by his company was 60
minutes. It was the period necessary rather than the limit of what was technically
achjevable. Mr Brandje also made reference 1o an endurance time of 60 minutes, but
was reluctant to give a firm figure.

19.117 As far as concerns the pracricality of particular endurances, Mr Booth said
that risk assessments had been carried out on all his company’s platforms. The 60
minutes period was seen as the practical figure to aim for. He supported the use of
H120 firewalls where the risk assessment showed that this was necessary, bur he
considered that even with H120 firewalls it was difficult to assure occupancy for more
than 60 minutes and that ir was realistic to adopt this figure. He regarded this as
consistent with the Norwegian approach, described below.

19.118 It is clear that there are a number of factors which may limir quite severely
the period for which the TSR is occupiable. Factors mentioned by Mr Booth included
heat, smoke, combusdon products, toxic fumes and disintegration. Similar factors
underlie the endurance criteria used by Dr Gilbert in his study of SSIVs, which 1
have already described.

19.119 The endurance set for the TSR in the Norwegian system, which is 2 hours,
was spoken to by Mr Ognedal and Mr Nordgard. This comprises one hour for
collecting personnel] into the TSR and one hour for effecting evacuation. While this
time may be to a degree arbitrary, it has some basis in evacuation trials carried out on
platforms. The time for blowdown of the hydrocarbon inventory on the platform is
also a facror. Mir Nordgard stated that this 2 hour period was given in regulations and
in guidance. However, while the Guidelines for Safety Evaluation of Platform
Conceprual Design set a time of one hour for the availability of at least one escape
route against a design accidental event, there was no corresponding specified period
for the shelter area, or TSR. Asked directly where the 2 hour period was actually
stated, Mr Ognedal said thar it was referred ro in terms of the H120 firewall in the
Regulation for Production and Auxiliary Systems 1976. Para 6.5.2 of these regulations
stated thar as 2 minimum the outer surfaces of the living quarters which might be
subjected to a hydrocarbon fire shouid be protected to H120 standard. He indicated
that the NPD had made no decision on whether to make any change 10 the endurance
required. With regard to the endurance achievable, Mr Nordgard was of the view that
it was not much more difficult to design for an endurance of 2 hours than for one of
one hour and that there was no grear benefit in specifying the shorter period. In this
context he stated that the design accidental events did not include riser failure; such
failures were dealt with by reducing the frequency.

19.120 The DEn discussion document on Fire and Explosion Protection states that
the TSR should remain viable for ar least 2 hours unless demonstrated otherwise by
FSA. Mr MclIntosh agreed that this figure was somewhat arbitrary. He said it was
related to the proposal that the accommodation should be protected by H120 firewalls
unless the FSA showed otherwise.

Proteciion of accommodation against external fire

16.121  Two principal threats 1o the TSR are external fire and smoke. The construction
of the accommodation is one of the items covered in the Construction and Survey
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Regulations. The associated guidance notes give guidance on its protection. The third
edition states that the bulkheads separating the accommodation from the wellhead and
process areas should be to A60 standard or to a standard providing equivalent
protection. The draft fourth edition states that the control stations and the accommoda-
uon, as a TSR, should have fire durability commensurate with the possible exposure
and reiterates the requirement that boundaries between the accommodation and the
wellheads and process areas should be to A60 standard. It adds, however, that where
the risk of a hydrocarbon fire exists, it should be assumed in the absence of other
information that all external boundaries require H120 protection, unless some other
level of protection is shown to be appropriate by reason of the likely extent, duration
and severity of the fire exposure.

19.122 It was Mr Brandie’s evidence that the general practice in the British sector
was to put an AG0 division on the side of the accommodation facing the hydrocarbon
risk and in a number of cases to continue around the sides and inside, if there was a
possibility of exposure. On some platforms this passive protection was complemented
by warter drench systems. The accommodation protection taken by Dr Gilbert as
typical for his company’s platforms was A60.

19.123 The Norwegian requirements for fire protection were described by Mr
Nordgard and Mr Ognedal. They referred to the Regulation for Production and
Auxiliary Systems, which required that ourer surfaces of the accommodation which
might be exposed to a hydrocarbon fire should be protected to H120 standard and
those which might be exposed to fire from other areas should be protected to A60
standard. The fire exposure, and hence the protection required, was obrained from
the QRA.

19.124 1 have already mentioned, in the context of the hydrocarbon fire test, the
point made by Mr Brandie that a particular nominal rating of a firewall was no
guarantee that the wall would exhibit that degree of endurance in a real fire. An
essentially similar point was made by Mr MclIntosh when he said that there was
nothing sacrosanct about H120 protection; it was to some extent arbitrary. It was not
certain that such protection would necessarily last 2 hours. It represented an
improvement on A60 protection rather than an absolute level of protection. Likewise,
Mr Booth said he would support the use of H120 protection where FSA showed it to
be necessary, but as a means of achieving an endurance time of 60 minutes.

19.125 This evidence indicates to me that the proper approach is to define the
endurance required and hence the necessary degree of protection rather than to specify
the means in terms of firewalls of a particular rating and that the way to do this is
through the Safety Case.

Protection of accommodation against smoke

19.126 The endurance of the TSR will be determined in large part by the breathability
of the air within it. This topic was addressed by Mr G A Dalzell, a Fire and Safety
Engineer with BP International. The principal factors which might render air in the
accommodation unbreathable were heat, smoke and toxic fumes. Heat transfer through
the external walls would heat the air and heating of the walls may produce toxic
vapours, but he estimated that both effects would be delayed for one to 2 hours,
depending on the firewall rating and the fire exposure. Carbon dioxide build-up should
not be significant within the 2 hours. Nor should oxygen depletion by the occupants.
The main problem addressed by Mr Dalzell was therefore smoke.

19.127 Mr Dalzell reviewed the main potential sources of fuel for smoke-generating
fires, outlined some of the scenarios for such fires, and described the use of wind
tunnel testing o investigate smoke movement for design purposes. The first lines of
defence in reducing the risk of smoke ingress into the accommodation were the
prevention of and reduction of scale of fires; orientation of the installation so that the
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prevailing wind blew the smoke away from the accommodation; layout which segregated
the accommodation from areas where smoke generation might occur; and positioning
of the accommodation at a low level so that at least its lower part was below the main
sources of smoke.

19,128 Weak points on the accommodation through which smoke might enter
included penetrations through the external walls, doors, windows, and ventilation air
intakes and exhausts. Mr Dalzell distinguished 4 classes of door: main entrance doors;
emergency entrance doors; emergency exit doors, or escape doors, otherwise known
as crash doors; and evacuation doors. The main and emergency entrance doors needed
to be on the front of the module, facing the rest of the platform, and hence were more
vulnerable. The evacuartion doors should be at the back close to the lifeboats. The
escape doors, intended for escape from an internal fire rather than evacuartion, were
commonly put at the end of corridors; they tend to be fairly numerous. Essentially
his proposals for doors were that escape doors should be kept shut and main entrance
and evacuation doors provided with air locks. He recognised that escape doors might
be used and left open, thus letting smoke in. He believed that mustering at low level
and muster discipline should minimise the problem, bur agreed that self-closing doors
were both desirable and practical and saw some merit in break-glass panic bolts. He
considered that escape doors did not need protection by air locks. He did advocate air
locks for the main entrance doors, where they had traditionally been fitted, and for
evacuation doors. Air locks served to conserve air and maintain positive pressurisation.
They could be defeated, however, if a continuous stream of people passed through,
so keeping the doors open, and needed therefore 10 be large enough, say 3-4m, 1o hold
6-10 people. Few accommodation modules were fitted with windows, though more
recent designs might have them on the rear wall. There was a problem in obtaining
windows rated for hydrocarbon fires. Mr Dalzell said that windows rated A60 were
available and he believed some had been tested to H60 rating. He suggested there
might be small strategic observation windows near doors and agreed the problem of
fire rating mighr be overcome by fitcting such windows with small covers.

19.129 Smoke could be prevented from entering if there was a positive pressure in
the accommodation. This pressure was maintained by the ventilation system, of which
there were basically 2 main types. Both consisted of inlet fans, ducting and exhaust
fans. A forced ventilation systern was the basic type. It might give a high degree of
protection against smoke ingress if optimised for this, but it was not designed to
maintain positive pressure and some rooms might be at negative pressure. The system
was balanced for one set of wind conditions and it could compensate for other
conditions. It was also liable to deterioration and needed careful maintenance to
achieve optimum performance in excluding smoke. More modern platforms might be
fitted with a positive pressure ventilation system, essentially a refinement of forced
ventilation, which was more flexible and gave closer control of pressure, typically
maintaining 6-12 mm water gauge. Ventilation systems were not classed as emergency
systems and generally were not powered from the emergency power supply (EPS).
However, on some platforms, for reasons of commissioning or maintenance, the system
could 1ake power from the EPS. Some platforms had one inlet and one exhaust fan
on the EPS. In general Mr Dalzell was opposed 1o running the ventilation from the
EPS, being reluctant to tisk jeopardising the other emergency funcrions. If the
ventilation inlet fans were lost, positive pressure would be maintained only for a few
minutes. It would not be maintained if a door was left open, though for a period the
air flow would be outwards, reducing smoke ingress. The period during which smoke
was excluded could be maximised by the use of air locks on doors and of dampers on
the ventilation ducts.

19.130 The ventilation air intakes were a weak pojnt through which noxious gases
might be drawn into the accommodation. Prevention involved shurtting off the
ventilation and closing dampers in the intakes. The extent of provision for automatic
shutdown of the ventilation system on detection of fire, gas or smoke was unclear from
Mr Dalzell’s evidence, but he described in some detail the arrangements for closure
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of the inlet dampers. For these only remote manual closure and automatic closure on
heat detection were universally provided, but it was common in addition to have
automatic closure on detection of flammable gas. There might also be automatic closure
on detection of a particular toxic gas such as hydrogen sulphide. The arrangements
for exclusion of gas and of smoke were similar and in many cases the former already
exist, so that it was not difficult to add the latter. Some platforms had smoke detectors
on the air inlets prior to Piper; most which did not, had since fitted them. Mr Dalzell
considered that reliance on manual closure of the ventilation intake dampers was not
appropriate; closure should be automatic. Apart from closure on heat, gas and smoke
he favoured closure on loss of power but not on loss of positive pressure, since the
latter could be caused by an open door. The vulnerability of the ventilation air intakes
1o smoke ingress could be reduced by positioning them low down, below the leve] of
most smoke plumes. However, the location must take account of exhaust fumes from
platform sources and from vessels. Mr Dalzell conceded that it might be possible to
provide emergency intakes, but foresaw a possible problem with changeover.

10.131 Mr Dalzell recommended that all installations should have a smoke ingress
assessment of the accommodation module; automatic shutdown of ventilation and
closure of intake dampers on smoke detection; and air locks on main entrance and
evacuation doors. Relocation of air intakes and doors to minimise their vulnerability
to smoke should be considered and also provision of observation windows. Forced
ventilation systems of older platforms should be reassessed to improve maintenance
of positive pressure and new installations should have positive pressure ventilation
systems. For new designs smoke movement should be assessed by wind tunnel testing
and smoke ingress should be a factor considered in positioning of the accommodation,

TSR as a ciradel within accommodation

19.132 For longer term refuge Mr Brandie envisaged the use within the primary
protected areas of a secondary protected area, a “box within a box”, and instanced
the application of this on the Ninian installations. This is effectively a citadel, although
he did not use that word. '

Upgrading of accommodation to TSR on existing platforms

19.133 The practicability of upgrading the accommodation to a TSR on existing
platforms is clearly of prime importance. Mr Brandie described some of the measures
which may be taken on an existing installation. These included uprating A60 firewalls
to H rating; use of combined passive and active fire protection; installation of radiation
screens; removal or reduction of close proximity hazards; enhancement of structural
protection; and major incident prevention. He also drew attention to some of the
problems in uprating existing A60 protection to H rating which may make such
uprating impractical. He agreed that the problems were common to both A and H
class protection.

Additional refuges

19.134 It was recognised that at least on some existing large platforms there might
be a need for temporary safe refuges additional to the main TSR for personnel who
would need to muster elsewhere. Mr Booth instanced the drill crew, who have to make
the wells safe. This was a point which Shell were still considering.

Bridge-linked accommodarion platforms and flotels

19.135 One of the principal measures canvassed after Piper has been the provision
of accommodation separate from the main production platform, typically in the form
of a separate, bridge-linked quarters platform or flotel.

19.136 A generalised study of the comparative risks of different platform configura-
tions, originally commissioned in August 1988 by the DEn from Technica and the
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Ofishore Cerctification Bureau, was described by Mr J R Spouge of Technica. The
cases considered were: case A: Base case design: a base case platform, representative
of design practice in the UK Central and Northern North Sea before svstematic
consideration was given to the safety implications of topsides layout; case B: Modern
design: a modern equivalent of the base case, characteristic of recent design practice
in which the topsides layout is heavily influenced by safety considerations; case C:
Bridge-linked flotel: the base case with accommodation on an adjacent flotel linked by
a bridge; case D: Helicopter-linked flotel: the base case platform with accommodation
on a nearby flotel linked by helicopter; case E: Smaller capacity platform: a smaller,
4-legged platform, representative of a modern trend towards lift-installed jackets with
cantilevered, integrated decks; case F: Bridge-linked quarters platform: the base case
platform with accommodation on a separate quarters jacket platformm linked by a
bridge. These configurations are illustrated in Fig 19.2. Cases A-E were specified by
the DEn and case F for the Inquiry. Initially the aim was to determine the frequency
of impairment of strucrure, accommodarion and escape routes by residual accidental
events along the lines of a Norwegian CSE, but this was later extended to determining
the average annual fatahities from bigh fatality accidents (10 or more deaths) throughout
the drilling and production phases.

19.137 The average annual fatalities in high fatality accidents for the 6 cases are
shown in Table 19.1. The study showed thart the average annual fatality risk for the
modern design, case B, and for the bridge-linked platform, case F, was abourt a third
of that for the older platform, case A, and that for the bridge-linked flotel about a
half, while that for the helicopter linked flotel, case D, was about half as much again,
due largely to the contribution of helicopter accidents. The smaller capacity platform,
case E, had a risk about one ninth, but also a production rate one quarter, of the base
case. A sensitivity analysis had been performed burt it remajned true that the risks of
case B were 50-75%, lower than those of case A and that the risks of cases B and F
were within 209, of each other.

19.138 The reduction in risk as berween cases A and B was due mainly to the stronger
jacket on the latter; other significant features were ropsides layour, firewalls and riser
protection. The reducrion as between case A and case F, on the other hand, was due
largely to reduction of exposure of personnel. In case F the office staff, who numbered
35, were located on the quarters platform so that the proportion of personnel remaining
on the main platform was reduced to 259, of the base case. This effect of the location
of office staff was a significant result of the study. The benefit was not available in
case C, because the flotel had ro stand off in rough weather and so office staff had to
be accommodated on the main platform.

19.139 Of the measures considered in the study for reducing the risk of an existing
installarion, Mr Spouge stated that the provision of a bridge-linked quarters platform
was the most effective. The study did not, however, address other measures such as
relocation of ESVs nearer to sea level or the installation of SSIVs. On the practicality
of a bridge-linked quarters platform, he stated that such arrangements existed in the
southern sector of the UKCS and in the Norwegian sector of the North Sea. In the
northern sector of the UKCS he was unaware of any dedicated quarters platform,
though he did know of one 2-platform concept where one platform housed the quarters
and some other facilities.

19.140 Mr Spouge was careful to point out the limitations of the study, which was
a generalised ranking exercise, and agreed that for a particular site it would be necessary
to do a specific study. He stated that the same methodology was in fact being used by
operators o assess options, especially in respect of accommodation, ESVs and SSIVs.

19.141 Risk assessments described by Mr Tveit implied a reduction in risk as between
an older and a newer platform of about 4, but he was unable 1o say how typical these
figures were.
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19.142 The only example of a decision to install a bridge-linked quarters platform
about which I heard evidence was Mr Ferrow’s evidence that Conoco had decided to
locate the accommodation for their Southern. Basin Gas Development, or V Field, on
a separate platform. The decision, in early 1984, was madec at a very early conceptual
stage, and before the major hazard review.

19.143 The Trade Union Group and the Piper Disaster Group submitted in effect
that there should be a default requirement for quarters separated from the main
production platform, the former advocating a separate bridge-linked accommodation
platform and the latter separate accomrmodation, either fixed or floaring. UKOOA
disagreed and submitted instead that the location of the accommodation should be a
matter to be considered in the FSA.

Escape routes 1o TSR

19.144 A necessary complement to a TSR is escape routes to and from it. On Piper
within minutes of the inirtial explosion virtually all the escape routes provided to the
accommodation became impassable and the area on the north face of the ERQ was
engulfed in fire and smoke. Evidence on escape routes was given by Mr Booth, who
said that since Piper perceptions had changed, the magnitude of the hazard was better
appreciated and companies had been conducting reviews of escape routes on their
platforms.

19.145 The thrust of Mr Booth’s evidence was that escape routes should generally
be the normal routes which were used in moving around the platform and which thus
had the advantage of familiariry. Passability should be ensured by layour rather than
by protection. On existing plarforms careful consideration had gone into the design
of routes, but this had related primarily to location, path and number of routes and
detailed design features rather than to protection against fire, smoke and falling debris.
He listed certain principles of escape route design. Escape routes should be as direct
as possible. They should lead from internal areas to an external escape route. Primary
escape routes should be located wherever practicable external to the modules. He was
in favour of permanent walkways around the perimeter of the platform at all levels,
Escape routes should not be routed through areas of increased hazard nor past
explosion vents or relief walls. Given that the escape routes were afforded protection
by their position, there was generally only limited need for other types of protection.

19.146 Conditions for the passability of escape routes are given in Annex 9 of the
Petrie Final Report, a report by Technica, quoted by Mr Booth. The report also refers
1o the criterion that escape routes should remain passable for 30 minutes. He considered
this figure reasonable.

Escape routes from TSR to embarkation potnis

19.147 As far as concerns the escape routes 10 the embarkation points Mr Booth
envisaged that the embarkation points might be in a Prorected Area, a term used in
Shell to denote an area in the lee of the accommodation and sheltered from the fire
hazard. Thus if the wellhead and process areas were on the south end and the
accommodation on the north end of the platform, the Protected Area would be at the
north face of the accommodation, on the outside. He envisaged that there would be
sufficient lifeboats ar this poinr to take everyone in the accommodation. In answer to
the point that the area on the north face of Piper did not in fact provide protection
for evacuarion by lifeboats but was engulfed by smoke within minutes, he replied that
a great deal could be done to reduce the risk and that too much should not be taken
from this one case.

19.148 He advocated that the escape routes from the TSR to the embarkation points

should be short so that movement through them was swift. He envisaged thart such
escape routes would often run through the Protected Area. They could if necessary
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be provided with protection such as radiation screens, structures to prevent falling
debris and even firewalls, but he stressed thar it was important that the OIM should
not lose contact with people going to the lifeboats. This would be the probable result
of making the escape route an H120 rated tunnel. He agreed that the escape routes
from the TSR should survive so that they were usable by personnel at the end of the
endurance period of the TSR.

Protection of escape routes and embarkation points

19.149 The essential requirement for an escape route was that it should be passable.
It was preferable to achieve this by layout. Otherwise, it might be necessary to protect
either the escape route itself or the people passing along it, or both. The protection
required was principally protection against heat and smoke. Given the choice, Mr
Booth expressed a strong preference for protection of the escape routes rather than
reliance on personal protective equipment.

19.150 The main protection which he described was the use of anti-radiation mesh,
usually known as radiation screens. Standard double-sided heat shields would provide
protection against fire; they might be complemented by a water spray. Water sprays
might also be provided on the escape routes themselves; he referred to the relief
provided to people on Piper by the water spray from the Tharos. He was strongly
opposed to the proposal in the DEn discussion document on Fire and Explosion
Protection that escape routes might be protected by an enclosure, or tunnel. He said
it “confirmed his worst fears”. He considered in effect that such runnels would actually
cause safety problems. There would be problems of access to the tunnel, of its
ventilation and lighting, of possible loss of integrity, of ingress of smoke, and of
disorientation and possibly panic among people using it. He referred to the 1987 fire
at Kings Cross Underground Station as an illustration of some of the problems.

19.151 Escape routes needed to be provided with lighting which would function in
an emergency. Mr Booth suggested the use of high intensity emergency lighting with
battery back-up. He also referred to the use of photoluminescent signs as suggested
by survivors of Piper. He agreed that lighting along the floor of the walkways, as in
aircraft, would be helpful and that this might best be provided by photoluminescent
strips.

19.152 Mr Booth made no proposals for the protection of escape routes from smoke
and, while in general preferring to protect the escape route, he agreed that consideration
should be given to smoke-hoods and also to lightweight BA sets to allow people to
use the escape routes in the face of smoke. He was less disposed to rely for protection
against heat on the use of fire-suits, which were cumbersome.

19.133 The protection which he described for the embarkation points was broadly
similar to that which he proposed for the escape routes. He was opposed to enclosed
embarkarion points and concerned that protection should be provided only where it
was shown to be necessary. He envisaged that embarkation points would be open to
the sea but with radiation screens inboard where appropriate.

Protection of lifeboats

19.154 The lifeboats needed to survive unti! it was safe for personnel to leave the
TSR and go 10 them to evacuate the platform. The endurance required of the lifeboats
was therefore related to that specified for the TSR. Mr Booth thought that it might
be necessary to relocate or protect the lifeboats but believed this would not be necessary
in most cases. He saw some merit in the suggestion that the lifeboats might be located
within the TSR, though there were potential problems such as doors jamming. He
did nort think such an arrangement favoured free-fall lifeboats particularly.
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Escape roures and embarkation points on exisiing plarforms

19.155 Mr Booth outlined a number of measures which could be taken to uprate the
escape routes on existing platforms, prefacing his proposals by stressing that account
should be taken of the original design philosophy. Steps which he mentioned included
measures to reduce the risk from risers, relocation of lifeboats, provision of additional
escape doors in the TSR, and protection of routes. He also suggested the provision
of smoke-hoods and BA sets.

Observarions on TSR, accommodarion, escape routes and embarkation points

19.156 The Piper disaster demonstrates thart there is a clear need on a platform for
a TSR. The industry has recognised this. Companies are already acting to ensure that
the main accommodation is protected to a standard such that it constitutes a TSR,
There are a number of reasons why the accommodation is the logical choice. Usually
it 1s locared furthest from the more hazardous activities, is often the only suitable
space in which 1o assemble large numbers of personnel and at any given time contains
a considerable proportion of those personnel. The TSR 1s therefore taken here to
mean the main accommodartion.

19.157 1 have already proposed in Chapter 17 that the TSR should be a central
feature of the Safety Case. The operaror should specify the function, the endurance
and orher acceptance standards for the TSR and should demonstrate by QRA that it
has provided one which meets those standards.

19.158 The acceptance standards for the TSR will be of 3 types. The first is the risk
criteria, including one for the frequency of loss of integrity of the TSR. The risk
criteria should follow the ALARP principle. The second type is the endurance times.
The third type is the standards defining loss of integrity. Formulation of these will
involve defining the function which the TSR is to perform, the conditions which
constitute integrity, the endurance uime for which these conditions are to be maintained
and the events which may cause these conditions to be violated. The endurance
specified for the TSR will determine which hazardous events are residual accidental
events which the TSR is not designed to survive. All types of acceptance standard
should be specified by the operator.

19.159 However, initially at least, the regulatory body should set minimum standards
for the main risk criterion, the frequency of loss of integrity of the TSR. Further,
initially at least, the regulatory body should set 2 minimum endurance time for the
TSR. I have weighed carefully the arguments for and against this. The argument
against is basically the general one thart this is a matter which is best handled as part
of the operator’s own FSA. The argument for is that the choice of the risk criterion
and the endurance necessarily involves a degree of judgement and is 10 some extent
arbitrary; thar any gain in flexibility is outweighed by the introduction of a point of
probably rather sterile contention; that there is no detriment to safety; and that it puts
the Safery Case on a firmer basis.

19.160 The hazards to which the TSR may be subjected should be identified. The
hazardous events should be classified as design accidenrtal events and residual accidental
events. The TSR should be designed to survive design accidental events. It need not
be designed to withstand residual accidental events, though if put to the test it may
well survive some of them. The relation between the risk criterion and the endurance
ume should be seen in this light. For many scenarios the operator will find it more
effective to meet the standard by reducing the risks, especially these of fire and
explosion, rather than by providing the TSR with extreme levels of protection. This
is so partjcularly in relation to risks from risers.

19.161 It may not be necessary that the whole accommodation module be nominared
as the TSR. It should be an option that the TSR should be 2 limited, protected area,
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or citadel, within the module. However, since this is uncharted territory, the approach
should be a caurious one. In any event, a design based on such a TSR should meet
the full requirements for the TSR and escape routes.

19.162 It may be thar in some cases the Safety Case will show that the requirements
for the TSR can be met only by the use of accornmodation separate from the main
production facilities such as on a bridge-linked platform. As I have already indicated,
it is my view that decisions of this sort be made in the light of the Safety Case.

19.163 The congitions for the integrity of the accommodation are crucial to the risk
assessment for the TSR but it is clear that the criteria currently available are rather
crude. There is a need for models of the developmenrt of the air conditions in an
accommodation module and for criteria against which the results from such modeis
can be assessed. The models should address high temperature due to heat transfer
through the walls, smoke due to smoke ingress, and toxic fumes from heated fire
insulation and any other likely sources. The endurance time used by Dr Gilbert for
living quarters exposed to fire, based on build-up of toxic fumes, was relatively short,
only 17 minutes. On the other hand Mr Dalzell did not envisage toxic fumes being a
problem for 1-2 hours. Unless these matters are sorted out, they are likely 1o creare
difficuluies in assessing the integrity of the TSR and hence in the development of the
Safety Case.

19.164 Staying with the Safety Case, the TSR should be complemnented by escape
routes to and from it and by embarkation points and lifeboats. These should be treated
along with the TSR as centra) features of the Safety Case. For each location on the
platform at least one escape route to the TSR should be passable for a defined
endurance time against design accidental events. Likewise, the escape routes from the
TSR to the embarkation points, the embarkation points themselves and the lifeboats
should each have a defined endurance against design accident events. These endurances
should be defined by the operator.

19.165 For existing insrallations any requirement for upgrading of the accommoda-
tion, or TSR, escape routes, embarkation points and lifeboat protection should be
decided on the basis of the Safety Case.

19.166 As the TSR, the accommodation will be dealt with in the Safety Case, burt it
1s also a proper subject for regulations on construction. These regulations should set
goals for the design of the accomumodation and may also contain specific requirements.

19.167 Before considering the protection of the accormnmodation, I wish first to
comment on the loss of integrity of the main accommodation module on Piper, the
ERQ, which I described in Chapter 8, and in particular on the special features of this
case. The ERQ was protected on the face nearest the fires, the southern face, by other
structures. This must have reduced the extent of generation of toxic gases from the
module walls which in other circumstances might be much more serious. On the other
hand the ERQ was actually breached by the fire. Flames entered in at least 3 places;
at the doorway from the LQW, the southern external door to che helideck and in che
north-west corner cabins, notably cabin Cl.

19.168 As far as concerns the entry of smoke, the evidence is that the ventilation air
inrakes were not a major route for smoke, but this appears to have been due largely
to the fact that loss of power stopped the ventilation fans. There were no smoke
detecrors to shut the dampers on the air intakes. Bur for the fortunate chance of this
stoppage large volumes of smoke would probably have been sucked in until the
dampers closed on high temperature. There was, however, gross ingress of smoke and
hot gases through the doorway from the LLQW. The southern external door was a
second major route for smoke; it was not possible to say which was the more significant.
Smoke also entered through broken windows in the cabins on the north-west corner.
It may also have entered through other doors and windows.
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12.169 Open fire doors allowed smoke to spread within the ERQ. The door between
the reception area on D Deck and the stairwell, which was hooked open, attracted
most attention, but smoke also spread through open doors along the north corridor of
C Deck and into cabins C1 and C11. On the other hand where fire doors were closed,
they were effective. This was the case with the door between the passage from reception
and the dining area, the other doors off the stairwell and the doors to other cabins on
C Deck north corridor. The reception area on D Deck was both a general thoroughfare
and an emergency control centre. It was no doubt for this reason that the door o the
stairwell was hooked open. Another major route for spread of smoke within the ERQ
was through the ceiling voids. This spread was prevented, however, where walls
extended through the ceiling or where there were cavity barriers.

19.170 Regulations on construction should include among the goals for the design
of the accommodation protection against external fire, exclusion of smoke, prevention
of smoke movement and maintenance of breathable air. They should allow an integrated
approach to the achievement of these goals which covers the external ficewalls, the
internal consrtruction, the doors and the venulation system.

19.171 The need for an integrated approach is illustrated by the venrilation system.
It is clearly essential that smoke should not be sucked into the accommodation through
the ventilation intakes. On the other hand, positive pressure maintained by the
ventilation system allows the use of air locks o prevent smoke entering through main
entrance and evacuarion doors. The power supply for the ventilation system introduces
another factor, since ir is essential that emergency power to other functions in the
accommodation should not be jeopardised. In short, the ventilation system needs to
be thought through to minimise the chance either of its being ineffective or defeated
or of its actually making things worse.

19.172 There is, however, one specific measure which 1 am satisfied I should support.
The air intakes of the ventilation system should be provided with hydrocarbon gas
and smoke detectors and on alarm the ventilation and dampers should shut down. 1
note that the draft fourth edition of the guidance notes o the Construction and Survey
Regularions contains provisions on thjs matter.

19.173 In due course assessment of smoke ingress into the accommodation will be
part of the Safery Case. Mcanwhile, such an assessment is one of the measures which
the regulatory body should ask operators to undertake forthwith.

19.174 Escape routes also are a proper topic for treatment in the regulations on
construction, which should set the goal that the escape routes should be passable. The
regulations should allow an approach integrated as bertween the twin threats of fire
and smoke, as between the different options for protecting the escape route itself, and
as between protection of the route and use of personnel protective equipment.
Embarkarion points should be treated in a similar way.

19.175 There is one set of specific requirements which it is appropriate for the
regulations on construction to include. This is that escape routes be provided with
adequate and reliable emergency lighting and with photoluminescent direction signs
which are not dependent on survival of power supplies.

Emergency centres and emergency systems
Emergency centres

19.176 The next rtopic which I wish to consider in this chapter is emergency centres
and emergency systems. As the emergency on Piper developed there were no facilities
in the ERQ to assess or exercise control over it or to communicate with the outside
world. The Control Room was knocked out and was in any case outside the ERQ as
was the Radio Room, which was abandoned at an early stage. There was no means of
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obtaining information from, or of determining the status or action of, any of the
emergency systems such as the F&G detection, ESD or deluge systems. In an attermpt
to discover what was happening people opened doors, which led to further ingress of
smoke into the accommodation.

19.177 The need for facilities within the TSR which would allow the occupants to
assess the situation outside and to exert some control over it was one of the points
made by Mr Brandie. He instanced the need for comununications and controls,
including fire-fighting facilities. He envisaged that the TSR would contain emergency
power generation and fire pumps. Controls were most readily available if the control
roorn was located within the TSR. This was his preferred solution for new platforms,
though he recognised that on some existing platforms the control room was outside.
Mr Booth stated that in his company the control room was always in the TSR and
thar this was the practice on modern platforms. Both witnesses also envisaged the
TSR as containing the radio room. The general trend described by these and other
witnesses was towards locating the radio room in the accommodation and to locating
the contro) room either in it or readily accessible from irt.

Observations on emergency centres

19.178 T believe there 1s a clear need for there to be available within the TSR certain
minimum facilities for controlling an emergency. There should be means of internal
and external communication, of obtaining information on what is going on outside,
and of exercising at least some degree of control over it. In general terms, what I have
in mind here is information on key process, pipeline and fire system variables and on
the operation of the ESD systern together with certain key controls on these systemns.

19.179 Most of these minimumn facilities already exist in the control room and the
radio room. It is logical therefore 10 locate the control room and the radio room in
the TSR. This ensures that the facilities are accessible and protected.

19.180 Where on an existing installation the control room, the radio room, or both,
are outside the TSR, the minimum facilities need to be made available in the TSR.
This requires that there should be created within the TSR an emergency control
centre, an emergency radio room, or both, as the case may be, which conrain the
necessary minimum facilities. The fuller facilities in a control room or radio room
outside the TSR may still be valuable and any such rooms should be prorected and
should have secure means of communicarion of information with their opposite
numbers 1n the TSR.

19.181 It is not intended that either of these rooms should act as the emergency
command centre, which should also be within the TSR but in a separate room.

19.182 I make no proposals on the precise nature of the minimum facilities which
should be made available within the TSR. A radio room and a control room which is
designed to allow control] as well as monitoring are likely to contain most, though
perhaps not ajl, of the facilities required. The provision of these minimum facilities
within the TSR should be part of the Safety Case and their selection should be
specified by the operator.

Emergency systems

19.183 Turning to the emergency systems, whilst there is some uncertainty as to the
precise extent and cause of damage to individual emergency systems on Piper, the
genera) picture is clear. Both the main and emergency power supplies were knocked
out, and possibly some of the UPS. Battery power supplies dedicated to individual
equipment mainly performed well. The main means of communication to the generality
of people on the platform, the GA/PA systern, may have been disabled, though this
is uncertain. In any event it was not used and the other means of internal communication
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such as telephones and hand-held radios were no substitute, One of the main means
of external communication, the tropospheric link, lost its power supplies, but in this
case the existence of alternative links allowed communications to be maintained as
long as the radio room functioned.

19.184 Evidence on electrical power supply systems was given by Mr J Day, Head
of Electrical Engineering of Shell Expro, with special reference to maintenance of the
integrity of emergency power supplies. He took the view that in an accident it was
not unlikely chat the main generators might be lost and that effort should be
concentrated on ensuring that the emergency supplies remained available. The general
approach was 1o classify equipment angd services by priority and to match the integrity
of the emergency supplies to those priorities. He described modern developments in
high integrity generation, implemented on Kittiwake, including fire pumps driven
solely by electricity and without diesel back-up, and in recombination cells for battery
power supplies.

19.185 Mr Day was asked about protection of electrical power supplies against the
eflfects of an explosion and particularly against severe platform vibration, or shock. He
said he did not know of any case where his company was designing to protect against
an explosion. He was unaware of any case where shock, whether from explosion, vessel
bumps or dropped objects, had caused loss of electrical systems, other than what may
have happened on Piper. Mr Nordgard confirmed that vulnerability of the electrical
supplies to platform vibration was not something to which particular attention was
paid.

19.186 Mr Day referred to the statutory requirement to provide emergency power
to a minmmmum of 24 hours. He was asked wherther any relaxation of the time period
would open up the possibility of alternative means which would give a more reliable
emergency supply, but he did not believe it would.

19.187 A number of witnesses in Part | suggested thart it would be helpful if there
was a greater degree of uniformity in the alarm systems for emergencies. This would
be of particular assistance to contractors’ personnel, moving as they do from installation
1o installation. The starus light systems used on some platforms were also advocated.

Observarions on emergency sysiems

16.188 It is clear that great e¢fforts are made to maintain power supplies in accident
conditions, but it is also clear that if the accident is a severe one, even the emergency
supplies may be vulnerable to effects caused by the accident. This vulnerability is
shared by the emergency systems generally and I have already referred to the
vulnerability of ESVs and of fire protection systems. 1 am concerned that all emergency
systems should possess in a high degree the ability to survive severe accident conditions.
The emergency systems which I have in mind include the emergency power supplies
and systems, the ESD system and the communications systems and the severe accident
conditions to which I refer are primarily fire, explosion and strong vibration.

19.189 The regulations and guidance should promote an approach to the design of
emergency systems which ensures that as far as is reasonably practicable the systems
are able 1o survive severe accident conditions. The ability of these systems 10 survive
severe accident conditions should also be a feature of the Safety Case.

19.190 Work needs to be done to determine the vulnerability of emergency systems
to severe accident conditions and to enhance their ability to survive such conditions.

19.191 In due course assessment of the ability of the emergency systems to survive
severe accident conditions will be part of the Safety Case. Meanwhile, such an
assessment is one of the measures which the regulatory body should ask operators to
undertake forthwith.
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19.192 I believe there is merit in the status light systems which are installed on some
platforms and would wish to see them promoted.

19.193 I note that status light systems have the characteristic that they are, or can
be designed to be, fail safe. That is to say, they can still convey their essential message
even on loss of power. This is a feature which can be crucial in accident conditions
and which would seem to have application to other aspects of platform comumunications.
The regulations should promote this general concept.

19.194 1 accept that a greater degree of uniformity in the status light systems and
the alarm systems for emergencies on jinstallations would be helpful. I can see no
argument for not trying to achieve standardisation.

Pipeline emergency procedures

19.195 The disaster on Piper revealed deficiencies in command in emergencies. It
also revealed deficiences in the emergency procedures for the other platforms connected
to it by pipeline. 1 will consider in Chapter 20 all matters related to command and
procedures for emergencies on the platform affected by an accident and confine myself
here to the pipeline emergency procedures. It was clear from Parc 1 of the Inquiry
thar the emergency response of platforms connected by pipeline to a platform affected
by an accident is a problem area. No further evidence on this topic was led in Parrt 2.

Observalions on pipeline emergency procedures

19.196 The quality of pipeline emergency procedures needs to be improved. There
should be more co-operation between operators in a field in the formulation of
arrangements and the writing of manuals. There should also be more involvement in
these activities by the personnel most directly affected, those on the installations, to
ensure that the information conrained is correct and that the procedures proposed are
the most practical and effective. The procedures should be reviewed regularly and the
manuals updated in a co-ordinated manner.

19.197 The pipeline emergency procedures for the installation should define the
conditions which constitute reason to believe that there has been an incident on another
insrallation connected to the first by hydrocarbon pipeline and the conditions for
shutdown of the first installation. The overriding aim should be to ensure that the
siruation on the affected installation is not exacerbated. In general, shutdown should
be the defaulr action and should be effected at once unless it can be positively and
reliably confirmed that the incident on the other installation is minor. The shutdown
procedures should be reviewed regularly and the manuals updated.

Observations on mitigation of incidents

19.198 T said at the beginning of this chapter that 1 was conscious of the calls which
have been made for there to be requirements for various types of hardware. I have it
fact made very few such proposals. In a imited number of cases I have taken the view
thar it is inconceivable that a particular measure should not be adopted. The
requirements in the recent regulations on ESVs are a case where 1 do consider that
this is so. In general, however, I have found that the matrer is one which shoulid be
decided oa the basis of the resolution of the often conflicting factors which design
typically involves and of what 1s reasonably practicable. For each particular 1ssue
have explained this as [ wenr along. Here I wish to make a further point. The decisions
on the various hardware proposals cannot be viewed in isolation. This is another
argument for dealing with these matters in the Safety Case.

19.199 Finally, itis convenient to deal here with a general point concerning acceptance

standards, parricularly those for protective systems such as the fire-water deluge
system and for emergency systems such as the emergency power supplies. 1 am
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proposing reliance on goal-setting regulations and on the Safety Case and eschewing
prescripuion of hardware. Such an approach therefore depends heavily on the
acceptance standards for achievement of the goals. In general 1 propose thar these
should be set by the operator. | envisage that it is around these standards that much
of the dialogue between the operator and the regulatory bedy will centre.

Table 19.1 - Study of installation configurations: average annual fatalities in
high fatality accidents

Event Faralities per 1000 installation years
Case

A B C D E F
Blowouts 7.9 7.5 6.7 4.9 1.3 4.8
Riser failures 30.2 6.7 14.4 13.2 2.3 8.8
Process leaks 40.4 22.0 15.8 18.7 9.2 10.3
Collisions 4.6 5.0 11.3 55.3 1.9 5.8
Structural events 82.7 0.5 40.0 50.6 3.5 23.0
Non-process fires 0 0 0 0 0 0
Helicopter accidents 0 0 0 101.2 0 0
Toral 165.8 50.7 88.2 243.9 18.2 52.7
Notes:

(a) Case E has a production rate one quarter that of the other cases. The complements
are 200 persons on cases A and B, and extra 20 marine crew on the flotels in cases
C and D, and an extra 5 maintenance crew on the quarters platform in case F;
case E has a complement of 60 persons.

(b) Case D includes faralities from in-field helicoprer accidents, regardless of the
number of fatalities. Fatalities during crew changes are not included for any of
the cases, since they would be the same for all.
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Chapter 20
Evacuation, Escape and Rescue

Introduction

20.1 In Chapters 8 and 9 I described how the personnel on board Piper responded
to the emergency on the night of the disaster, escaped from the platform and were
rescued from the sea. In this chapter 1 comment on the requirements and regulations
for safe evacuation, escape and rescue and review the arrangements and facilities used
for thermn in North Sea conditions. Finally, I discuss the requirements for effective
command and control in offshore emergencies.

Evacuation, escape and rescue: definition

20.2 To avoid confusion or doubt, the scope of the terms of evacuation, escape and
rescue, as used throughour this chapter, are defined below:

Ewacuarion refers to the planned method of Jeaving the installation without directly
entering the sea. Successful evacuarion results in those on board the installation
being transferred to an onshore location or to a safe offshore location or vessel.

Escape refers to the process of leaving an offshore installation in the event of part
or all of the evacuation sysiem failing, whereby personnel on board make their way
into the sea by various means or by jumping.

Rescue refers to the process by which escapees and man overboard (MOB) casualties
are retrieved to a safe place where medical assistance is available.

History of evacuation, escape and rescue

20.3 Dr ] Side of the Institute of Offshore Engineering, Heriot-Watt University,
described 4 major offshore incidents, all occurring outside the UKCS, that have
themselves been the subject of Government inquiries. All the incidents occurred 1o
mobile offshore structures. In March 1980 the semi-submersible accommodation
vessel, the Alexander Kielland, sank in the Ekofisk field off Norway due to a structural
failure. The considerable heel of the structure when it capsized made the launching
of survival craft extremely difficult but attemprs were made to launch 5 of the 7 craft
on board. 3 were crushed against the side of the rig and destroyed. One which had
not been launched but had been entered, came to the surface inverted after the rig
had capsized and was eventually righted. The fifth craft, with 26 men on board,
released 1cs hooks with considerable difficulty. Of the 212 men on board, 123 lost cheir
lives. In February 1982 the semi-submersible drilling rig, the Ocean Ranger, capsized
and sank in a very bad winter storm off Newfoundland. Warnings that the weather
would deteriorate had been broadcast 24 hours before the disaster occurred and drilling
operations on the rig had been discontinued some 12 hours before the incident.
However a mayday requesting helicopter evacuation was not sent until 2 hours before
the rig capsized. At least one survival craft was launched but although the standby
vessel made contact with it no one could be saved. The entire crew of 84 persons was
lost. In October 1983 the drillship Glomar Java Sca capsized and sank in the South
China Sea during a severe typhoon, with the loss of 1ts entire crew of 8] persons. The
investigation found that the failure to evacuate at least non-essential personnel from
the drillship, after it had been given nearly 3 days’ warning of the typhoon, was a
contributory factor leading 1o the loss of life. Examination of the wreckage suggested
that actempts had been made to launch one lifeboat; another had torn free as the vessel
sank. Neither lifeboat was ever recovered. At least 36 of the 81 crew were trapped in
the drillship as it sank. In October 1985, in the Gulf of Mexico, the jack-up drilling
rig Penrod 61 collapsed during a hurricane. Soil failures beneath one of jts 3 legs
apparently caused the failure. The standby vessel, a normal crew boat, which was
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unable to operate safely in very severe weather, had to leave the area to seek refuge
from the worsening weather about 9 hours before the rig collapsed. The crew of 41
escaped to the sea in 2 survival capsules and an inflatable raft; one man jumped into
the sea with a life-jacket. Only one life was lost when one of the survival capsules
subscquently capsized. In all the last 3 incidents weather condirions at the time of the
accident had deteriorated to the point when helicopter evacuation was impossible.

20.4 Dr Side also described 18 precautionary evacuations in the UKCS berween
1975 and 1987, following incidents that could have led to 2 major emergency on an
oftshore installation. Common to all of these was the immediate requirement for an
urgent, unscheduled demanning of personnel. Except for 3 transfers by personnel
basket to a vessel, and one in which the means of evacuation remains unknown, the
rest were by helicopter. Survival craft were not used. In August 1988 rthe first full
emergency evacuation using survival craft occurred when the crew of the semi-
submersible drilling rig Ocean Odyssey had to abandon the rig after a blowout and
fire. One man died but the acrual evacuation, in good weather, went smoothly.
Previously in the NCS there were 2 recorded cases of survival craft being used, apart
from thar of the Alexander Kielland described in para 20.3. In November 1975 an
explosion on the Ekofisk A platform led to an evacuation. The platform shut down
automatically and the situatjon was brought under control but due to the failure of its
launching mechanism a survival craft was dropped from the deck level and 3 men
were killed. In March 1977 another Ekofisk platform was evacuated by 112 men using
3 survival craft following a blowout. The evacuation was orderly and disciplined; and
the weather and sea state were remarkably good at the time.

20.5 In nonc of the 18 precautionary evacuvations in the UK CS did the initial incident
develop into a major emergency but the disasters which resulted from delayed reactions
1o weather warmings demonstrate how severe the resulting penalty cap be. They
provide the lesson thar where there is doubr as to the implications of an incident it is
better to achieve certain safety by a precautionary shutdown and evacuarion than 1o
risk lives by postponing the decision. A precautionary evacuation will normally be by
helicopter which 1s the preferred and widely available method for such circumstances.
As 1 show later in para 20.14, if a major incident has already developed such a method
is unlikely to be available; and evacuation will depend on the uncertainties inherent
in the use of survival craft. The decision to evacuate an installation as a precautionary
measure is dependent on the perception of the OIM. I will discuss command and
conrtrol in emergencies later in this chapter (see paras 20.56 ¢t seq).

General approach
Requirements and regulations for evacuation, escape and rescue

20.6 The objective of ensuring safe evacuation, escape and rescue on offshore
installations was summarised for the Inquiry by Mr Petrie, Director of the Safety
Directorate of the DEn, in saying that ‘“‘Offshore installations should be designed,
equipped and organised so as to provide means of safe evacuation of all personnel on
the installation in the widest pracricable range of circumstances’ and thac ‘‘the means
of evacuation should be available for immediate use.” The requirements for safe
evacuation, escape and rescue are covered by Reg 10 of the Emergency Procedures
Regulations and the code of practice for the assessment of the suitability of standby
vessels attending offshore installations; and by the Life-Saving Appliances Regulations.
As a result of lessons learnt from the Piper disaster the DEn has proposed amendments
1o the last-mentioned regulations in a statement of intent issued in August 1989.

20.7 Mr Perrie explained that where a bridge link to an adjacent installation was
available, this was the preferred means of evacuaton. Leaving aside a bridge link,
helicopters represented the safest means of evacuation provided that there was sufficient
time and no conditions adverse 1o evacuauon by this means existed, such as fire, smoke
and emissjon of combustible gas. The circumstances required for helicopter evacuartion
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might not prevail when an emergency had developed; and installations must be
provided with another primary evacuation system, wholly controlled from within the
installarion, not dependent on any external intervention, and capable of securing safe
and full evacuation of all personnel in as wide a range of emergencies as practicable.
This evacuation system was based on totally enclosed motor propelled survival craft
(TEMPSC). He said that if for any reason these primary systems were partially or
wholly unavailable there should also be provided means of descent to the sea and the
means of rescuing people from the sea, which should be effective in the widest possible
range of weather conditions. Appropriate personal survival equipment should be
provided for all the personnel on board. ] will deal with all these requirements
individually later in this chapter.

Evacuation, escape and rescue and the Safety Case

20.8 In discussing the mitigation of incidents in Chapter 19 I expressed the view
thart the integrity of the temporary safe refuge (TSR) should be a central feature of
the Safety Case (see para 19.109). It is plainly appropriate that the process of formal
safety assessment should cover all aspects of the protection of personnel in the event
of an emergency and therefore should cover the process of evacuation, escape and
rescue. This should accordingly form parc of the Safety Case. 1 would note that Mr
Ognedal, Head of the Safety Division of NPD, emphasised that under the Norwegian
regulatory regime the operator is required to have a thought-through evacuation and
escape philosophy which formed part of the framework of the whole system for the
safery of personnel on board.

Evacuation, escape and rescue and the regularions

20.9 Evidence on the regulatory requirements for safe and full evacuation, escape
and rescue was heard from UKOOA, the DEn, the NPD and Statoil. UKOOA urged
that due to the diversity of installations offshore, the present prescriptive regulations
should be replaced by goal-setting regulations which would allow operators more
flexibility and would not stifle innovation. Mr Ognedal stated that future Norwegian
regulations on evacuation, escape and rescue would be mainly goal-oriented; the
emphasis would be on the licensee identifying the best evacuation systems for the
installation in question, through purposeful and systemartic analysis. Prescriptive
regulations would, however, be retained in a few selected areas. The DEn accepted,
in general, the replacing of specific requirements by general principles but would also
wish to retain specific requirements in defining acceptable standards in certain well-
defined cases. I fully support the acceptance of goal-setting regulations in this area.
In parucular I see an immediate need for regulations under which operators are
required to submit to the regulatory body an analysis of the facilities and other
arrangements which would be available for evacuarion, escape and rescue in the event
of an emergency. The analysis would cover the formal command structure, helicopters,
TEMPSC, life rafts and other means of escape to the sea, standby and other vessels,
fast rescue craft and personal survival and escape equipment. This analysis would also
form a part of the Safety Case in 11s demonstration that adequate provision had been
made for ensuring safe and full evacuarion, escape and rescue. Operators which have
not already done so should be asked to undertake such an analysis without waiting for
legislation. While I fully support the acceptance of goal-setting regulations I also take
the view that there are certain basic points on which certain minimurmn standards
should be Jaid down by legislation. Examples of these are given later in this chapter.

Ewvacuation by helicoprer

20.10 Helicopters are the normal means of iransport for personnel to and from
offshore insrallarions. Everyone working offshore accepts the use and discipline of
helicopter travel and would automatically look to helicopters as the prime means of
evacuating them from an installation. There are no specific regulatory provisions
compelling the use of helicopters although there are provisions in the Consiruction

339



and Survey Regularions for ancillary matters such as landing arrangements and fire-
fighting facilities, and the accessibility of the helicopter deck from the accomsmodation.

Helicopter availabiliry

20.11 Evidence on the performance and availability of helicopters on the North Sea
was given by Caprtain Ginn, Head of Air Transport for British Gas. Availability is
high offshore. Commercial traffic in normal day-time working hours berween 07.00
and 18.00 hours on week-days would enable berween 100-300 helicopter seats to be
located in any one of the 4 sector areas in the northern and central North Sea and
thus available to an emergency in less than 30 minutes. All helicopter operators require
their crews to make ‘“‘operations normal’” calls into base every 20 minutes or so;
and one helicopter company maintains a ‘“‘flight following” system whereby the
identification, position and full status of each machine in the air is entered routinely
into a computer at base. If an offshore emergency were to occur, the identity and
location of the nearest helicopter and time required o reach the emergency site can
be obtained immediately. The shore-based nationa) air traffic service radios do not
reach the more distant areas of the North Sea; in the East Shetland basin the Viking
Approach system on Cormorant Alpha supplements the shore-based service. Some
companies use, or are planning to use, flight information liaison officers (FILOs) on
their installarions, with whom rhe pilots of helicopters make conrtact so that the
installation has a constantly up-dared record of helicopter availability in its area. At
the time of the disaster Piper was the only installation in the North Sea urilising
F1LOs. Itappears to me that a North Sea-wide flight following system based onshore
and operated as a service 1o all offshore installations would be more efficient than the
duplication inherenr in individual installation systems burt I appreciate that operators
may feel more secure with their own systems.

20.12 In addition to Jand-based helicopters, offshore helicopters are based for
logistical purposes on 5 UK and 2 Norwegian North Sea installations. These offshore-
based helicopters are smaller (4-13 seat capacity), are crewed on a 24 hour basis, and
except for 2 in the UK sector, are equipped for search and rescue. The cost of basing
helicoprers offshore is very high, amounting to over £2m per year per helicopter for
the charter of the helicopter and the provision of crew accommodation offshore. This
does not include the capital costs of modifying the facilities where there may be
severe structural constraints, particularly on existing installations. Search and rescue
helicopters are also available from a number of onshore military establishmenrs as well
as from 2 civil helicopter bases maintained by the DoT, at Sumburgh and Stornoway.
The declared response times (call-out to rake-off), often bettered in practice, are (5
minutes by day and 45 minutes at night. Commercial helicopters are also available
after normal working hours from the Aberdeen, Sumburgh and Unst bases and would
be despatched to an emergency within 10-30 minures of call cut. In an emergency it
is osrt likely that the evacuarion of an installarion by helicopter would be initiated
by offshore-based logistics helicopters and/or en route commercial helicopters, depend-
ing on the time of day. This would generally be in less than an hour. Out of normal
working hours (Mondays to Fridays, 07.00-18.00 hours) the first helicopters to arrive
would normally be the offshore-based helicoprers, in less than one hour, followed by
the onshore-based machines. The mosrt rapid evacuation method would be to shuttle
personnel on board ro nearby installations; or it may be possible to fly them directly
to shore. Shortage of helicopters 1s unlikely to be a problem; access to the helideck
becomes rthe limiting factor when the number of helicopters in a shurttle reaches say
4 or 5. The cycle of a helicopter approaching, landing, and boarding up 10 19 evacuees
(in the case of the Super Puma) and then taking off is unlikely 1o average less than 5
minutes,

20.13 The evacuation of 6 typical installation types by helicopter was assessed by
UKOOA who found that the maximum time to evacuate (by shuttling ro nearby
installations or ro shore) would be in the order of 2 hours and 45 minutes from call-
out for the worst case (an isolated driiling unit at night). Two actual precautionary
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evacuations, both in late 1989 (North West Hutton and Penrod 92), confirmed that
the findings of the study were realistic. Both were in daytime: one was 1otally evacuated
70 minutes after call-out (110 men), the other in 40 minutes (70 men). The first
helicopters arrived in 23 and 5 minutes respectively.

Helicopter evacuation limirations

20.14 Evacuation by helicopter may be limited by adverse weather conditions such
as very high winds, low fog or icing, although according to statistics these limiting
conditions seldom apply. Helicopters are allowed by their operators 1o land and take
off in winds of up to 60 knots (Beaufort Force 10) although they must keep their
rotors moving. In the case of emergency evacuation, however, pilots would be expected
to find a clear way 1o the installation and be forced ro abandon their attemprts only
when the lirits on the air-worthiness of the aircraft were reached. Srtatoil estimates
that in the Norwegian sector the availability of helicoprers is 98.7%, when the platform
1s evacuated as a safety precaution (see para 20.5). Major incidents, however, normally
result in large amounts of fire, smoke, and/or flammable or combustible gas being
generated. This would prevent a helicopter approaching or landing on the installation.
There may also have been a major structural failure which would prevent a landing.
Safety studies done on integrated production platforms in the Norwegian sector show
that when such emergencies have developed evacuation by helicopter would be
impossible in about 959% of such cases. If these conditions prevail, an alternative
primary evacuation system using TEMPSC will be necessary. In an extreme case,
resort to direct entry into the sea will be the only remaining means of reaching safety.

20.15 Helicopters remain the preferred method of evacuarting an offshore installation
as a safety precaution measure and in the limited instances in which they can be used
in a developed emergency. They are quickly available on the North Sea, safe in all
but the most adverse weather conditions and offshore personnel are accustomed to
their use and discipline. The people evacuated are transferred directly to places of
safety and are not left still at the mercy of weather conditions, as in evacuation by
survival craft.

Evacuation by survival craft (TEMPSC)

20.16 Reg 5 of the Life-Saving Appliances Regulations requires that every normally
manned ofIshore installation shall have TEMPSC of sufficient capacity in aggregate
to accommodate 150%, of the entire platform complement. In its statement of intent
the DEn proposed increasing the required capacity of TEMPSC to accommodate
twice the number (2009,) of persons on the instajlation, “to enhance the safety of
personnel on board an offshore installation”. This proposal was evidently made in
reaction to the disaster. I have 2 main difficulties with this proposal. Firstly, the non-
availability of TEMPSC at the time of the disaster was not related to their number
as such but to their location and distribution. Secondly, the proposal takes no
account of the features of pacticular installations. On installations which have certain
complexities and configurations it may be desirable to provide a wider distriburtion of
TEMPSC to improve the range of circumstances in which a safe and full evacuation
is likely to be achieved. I would favour the retention of the existing requirement 10
accommodate 150%, of the entire platform complement. However 1 consider that it
should be required chat the TEMPSC provided should include TEMPSC which are
readily accessible from the TSR and which have in the aggregare sufficient capacity
to accomumodate on board the number of persons on the installation. The exact number,
location of any TEMPSC which may be required over and above these minima should
be determined in the light of the Safety Case. It may, for example, be shown that
additional TEMPSC should be provided near places where personnel may congregate
or be trapped in an evenruality.

Davit-launched TEMPSC

20.17 The original design of offshore survival craft was a standard ship’s lifeboat,
with a full canopy and water deluge system added. A UKOOA witness, Mr I Wallace
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of Conoco (UK) Lid, commented rhat the design of survival craft was and still is
constrained by the International Maritime Organisation (IMO) standards; they were
still seen as ship’s lifeboats and had not been adapted to the requirements of the
ofishore oil industry. He said that a number of improvements more suited to the
industry’s specific needs had been put forward but the lifeboat manufacturers continued
to design to IMO standards because the bulk of their business was concerned with
ships.

Problems clearing the platform legs

20.18 A critical problemn with a davit-launched TEMPSC is ensuring that it gets
away from the vicinity of the installation after launching into rthe sea in severe weather
conditions, when it would be in danger of being swept under the installation and
destroved. Also wind-induced motion could cause the TEMPSC to contact the
installation during descent, if the overhang is less than 7m. The minimum weight of
a TEMPSC is determined by this latter problem. The DEn’s statement of intent
acknowledged these concerns. Since 1985 a joint steering comumitiee, with representa-
tion from Government departments, industry and contractors has been considering
enhanced launching techniques for survival craft. Two passive devices, one using a
hinged boom projecting from the side of the installation to rotate the TEMPSC
outwards, called PROD, and the other using an air-launched sea anchor, are being
tested. So also is a powered delphin similar to a torpedo. The DEn and the industry
have supported full-scale trials of the PROD concept and 1t is being developed into a
commercial product. Joint work by an oil company and a contractor has led to the
testing of another concept, in which an anchored buoy is used to direct the TEMPSC
away from the installation, called TOES. No enhanced launching system has yet been
proposed for an installation 1n the North Sea.

Problems with davir disconnection

20.19 All TEMPSC are boar-shaped and thus launched on 2 fall wires (bow and
stern). It is essential that the hooks on both wires should release the TEMPSC
simultaneously. Two basic release systems have been used, the “off-load” system
which will only allow the hooks to release the TEMPSC when it is aficat, and the
“on-load™ system which allows the simultaneous release of both hooks. The on-load
system must be used in conjunction with hydrostanc interlock, which allows hook
release only when the hull reaches the water; premature release could be disastrous,
as in the attempted evacuation of the Ekofisk A platform in 1975 (see para 20.4) when
a loaded TEMPSC was accidentally dropped into the sea from deck level. The off-
load system has the major disadvantage that in severe weather conditions it is difficult
to achieve a condition whereby both hooks are off-load. This has now been resolved
by IMO resolutions which specify that survival craft should be equipped with on-
load release gear. However the difficulues experienced in North Sea operations with
the premature release of davit fall wires contributes to the prejudice felt by o1l workers
offshore who, in the main, are inexperienced in marine matters.

Free-fall lifeboats

20.20 A new type of survival craft, the free-fall lifeboat, has been introduced into
the Norwegian sector. The free-fall lifeboat is a TEMPSC designed to be used with
a launching system which releases the TEMPSC at the point of embarkation on the
platform (up to 30m above sea level) and allows it to fall, entering the water with a
high momentum which together with the specially shaped hull will propel the craft
away from the platform. The particular perceived advantage of the free-fall lifeboat
over the davit-launched lifeboat is its ability to clear the installation in severe weather
conditions.

20.21 Development of the free-fall lifeboat started in 1973 but this was accelerated
after the Ekofisk Bravo blowout in 1979 when a large research project was funded by
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the NPD. A rtoral of some 40 free-fall lifeboats had been or were being installed on
Norwegian installations at the time of the Inquiry. Free-fall lifeboats are now considered
in the Norwegian regime to be the established evacuation system. Conventional davit-
launched lifeboats are accepted but their availability must be shown to match thar of
free-fall boats. The Norwegian witnesses explained that all factors, mechanical as well
as weather, are taken into account in thjs. Free-fall boats have been model-tested in
severe sea state conditions and their overall availability is estimated at 999%,. The

rermaining 19, is atrributable o technical and human considerations.

20.22 Norwegian offshore personnel on installations on which free-fall lifeboarts arce
installed must undergo special training which involves at least one fall in a free-fall
lifeboat at one of 3 training centres. As an example of their reliability, it was said that
one free-fall lifeboat at a training centre had been dropped some 1200 times without
an acadent of any kind. The occupants of free-fall lifeboats lie on their backs on
special contoured seats and are restrained by body and head siraps. In the sea this
position is not comfortable and can accencuate sea sickness but the benefits are
considered to outweigh the discomfort. The standard capacity for free-fall boats
installed on large integrated platforms is 74 people.

20.23 Free-fall lifeboats, apart from having the advantage over conventional lifeboats
of safely clearing the installation when launched in severe weather conditions, have
no davit hooks to be unlatched. The total time from the embarkation decision to water
entry 1s abour the same as for davir-launched boats; more time is needed 1o seat and
strap in the occupants but time to the sea is much less. They are, however, much
heavier and more expensive than davit-launched boats and retrofitting can be a major
problem. They have not as yet been used in actual emergencies in severe weather but
extensive model resting has made the Norwegian authorities confident of their high
rated availabilicies.

20.24 No legislation directly regarding free-fall lifeboats so far exists in the UK. Reg
5 of the Life-Saving Appliances Regulations entails that the means of launching
lifeboats should be by lowering, but the DEn’s statement of intent proposes that this
be amended to allow the Jaunching of TEMPSC by any safe Jaunching system of a
type which has been tested and is acceptable to the DoT. It was stated that this would
permirt consideration of free-fall TEMPSC withour the need for exemption; and that
exemptions had already been granted for free-fall TEMPSC on a small number of
mobile installations in the UKCS. The DoT had advised the DEn that free-fall
lifeboats are a viable method of evacuation. I see no reason why free-fall lifeboarts
should not be permitted in the UKCS, as they are in the NCS. The necessary
amendment to the regulations should be made forthwith. There should be no statutory
barrier to the use of free-fall lifeboats. It would still remain for the operator to justify
itrs choice of TEMPSC as being appropriate in the particular conditions of its
installation. Where davit-launched TEMPSC are proposed to be used they should be
oriented so as to point away from the installation.

Escape to the sea

20.25 Reg 8 of the Life-Saving Appliances Regulations requires that alternative
means of evacuation to the sea have to be provided, so that the fullest practicable
evacuation can still be secured. Below I describe various means in common use and
comment 0N SOME NEW Mmeans.

Life rafts

20.26 Life rafts are not considered by the DEn to be an acceptable substitute for the
required provision of TEMPSC. They do, however, usefully complermment TEMPSC.
The DEn statement of intent proposes to amend Reg 5 of the Life-Saving Appliances
Regulations to require that, in addition to TEMPSC, every normally manned
installarion should be provided with life rafis having sufficient capacity in aggregate
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to accomumodace all the people on board. I have already recommended (see para 20.16)
that the rotal TEMPSC capacity on an offshore installation should remain ar 1509
of POB and be more if required by the Safety Case for rthe installation. The proposal
ro require 100%, POB life raft capacity seems to me to be a reasonable requirement,
as life rafrs can complement TEMPSC in the event of emergencies such as a sudden
structural failure, keeling over or sinking, where access to TEMPSC is prevented or
their use is impracticable. The location of life rafts would be a subject for the Safety
Case for the installation. They should, however, be installed in close proximity 1o
mechanical means of escape 1o the sea such as ladders, ropes and escape chutes.

20.27 After an examination of the life rafis recovered from Piper and in the light of
evidence that survivors were unable to deploy them, the DEn issued a safety notice
(9/89) emphasising the existung legal requirement rhat life raft launch procedures
should be included in musters and drills and clarifying the position with regard to the
length of painter rope (cf paras 8.29-33). Painters will be shortened to the minimum
practical length to ensure successful deployment; and the length of painter to be
provided at each life raft launch poinrt is to be agreed with the DoT.

Ladders and statrs

20.28 In their statement of intent the DEn recommend the installation of permanent
ladders or srairs to the sea at the corners of the installation. Mr Wallace noted thart it
had been the practice to have 2 or more constructed Jadders or stairways leading to
the sca burt that these suffered from storm damage and the effect of waves. In view of
the difficulties experienced by personnel in getting safely into the sea at the time of
the disaster, 1 support the DEn’s recommendations. These ladders or stairways could
be extendable to allow for the effect of waves provided this is acceptable in the Safety
Case.

Ropes and rope devices

20.29 Knortted ropes, rope ladders and scrambling nets are very basic means of
descent to the sea and have long been used on offshore installations. However only
knotted ropes would appear to be practical as they can be easily and economically
stowed at all life raft installations. Scrambling ners and rope ladders are awkward and
difficult 1o use. In the disaster approximartely half of those who escaped to the sea did
so by using ropes or small diameter hoses. The others jumped where haste was
imperative and/or ropes were not available. Knotted ropes are, however, a primirive
means of escape and physically very demanding. They are particularly difficulr to use
if the user is wearing a life-jacket and/or a survival suit. But they are almost foolproof,
they offer a continuous line of escape and place a person outside the confines of the
installation structure. They should be seen as a last means of escape 10 the sea. A new
individual self-rescuc device, based on abseil technology and much less demanding
physically, the Donurt system, has been accepted for use by both the DEn and the
NPD. At least one UK operator is issuing it generally to offshore staff. Some training
is required and it cannot be re-used. | recommend that such equipment should be
specified n the regulations for escape equipment. Another rope-based system is the
Surescue Descender, an escape line down which people can descend on light-weight
supports in a controlled manner. It accommodates one person ar a time and would
not seem to offer rapid evacuation for a large number of people. The Surescue js,
however, acceptable to the DoT and one such system is installed on an accommodation
barge in the North Sea.

Excape chures and collapsible stairs

20.30 A number of these devices were described at the Inquiry. One, the Skyscape,
a collapsible rubular ner which allows controlled free-fall descent 1o the sea, has been
accepted for use by the NPD and has been installed on a Norwegian installation. It
requires an overhang and may not be suitable for all installations, The GOTECH
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escape stair 1§ at the conceptual and scale model stage and much work remains to be
done on it. These chutes or stairs have potential advantages over fixed ladders or stairs
in that they would offer direct escape to a large number of personnel; they are
positioned away from the platform, hanging from an overhang or canulever; and they
appear to avoid the difficulties inherent in the use of knotted ropes. Other chute-type
devices were briefly described, none apparently yet available for full scale testing. One
operator, Shell Expro, considered chute escape devices in the design of their latest
platform burt decided that due to certain disadvantages they were not yet appropriate.

Other devices

20.31 Another operating company, Mobil, is developing 2 dry transfer devices with
different manufacturers. One (GEMVAQ) is similar to the system used by navies for
the transfer of materials and men at sea. The other (ODELE) involves lowering an
inflatable life raft with men on board on to a specially constructed SBV. Both are in
the developmenrt stage. Other devices, all at early conceptual stages, include a sea
haven and a self-launching accommodation module.

Personal survival equipment
Life-jackets and survival suits

20.32 Life-jackets for all personnel offshore are required by regulation. The DEn
proposes in its statement of intent to amend the regulations to require that offshore
installations are provided with at [east twice as many jackets as the number of people
on the installation. The provision of survival or immersion suits is desirable but not
yet mandatory. It was stated in evidence that the DEn was seeking through further
work with the DoT and other organisations to overcome certain practical difficulties
abour the wearing of life-jackets with survival suits which had been identified. When
this work was complete it was expected that provision of survival or immersion suits
on all offshore installations would be made mandatory. Mr Wallace described an
integrated survival suit and Jife-jacket which he said was in use by his company,
Conoco. In view of the comments by survivors cn the difficultes of making escape
while wearing conventional life-jackets and immersion suits I recommend that this
planned work should be carried out with despartch.

20.33 The use of a standard orange colour for life-jackets and survival suits was
criticised by many engaged in the rescue of men from the sea; other objects and
equipment such as life rafts are of the same colour. Attention must be given to using
a separate and distinct colour for easy and rapid identification of survivors in the
water, particularly in the dark.

20.34 Comment was also made on the problems of locating survivors in the sea.
Whistles and lights are supplied on most life-jackets but may not be effective in adverse
weather conditions. The use of radio transmitters or detectors should be considered.

Smoke-hoods

20.35 The ability to move through a smoke cloud can be of vital importance in an
evacuation or escape. The escapee will have to move from his location at the time of
the incident to the TSR or directly 1o an embarkation point. Very large quantities of
dense, and possibly toxic, smoke are likely to be generarted from a fire on a hydrocarbon
producing iastallation. Evidence heard on smoke-hoods generated some discussion on
the period for which simple filter-type hoods would be effective before the breathed
air is over-saturated with carbon dioxide. Expert evidence was to the effect that filter-
type smoke-hoods could provide temporary respiratory protection against smoke and
roxic gases. It was suggested that this could be for some 10-15 minutes after which
the concentration of carbon dioxide could seriously debilitate the wearer. Oxygen
donating hoods are complex; special training for use is required. They are also bulky
and expensive burt can be very useful for exploratory investigation of an accident by
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specially trained men. Simple, bght, filter-type hoods should be issued as part of
personal survival kits to be kept by all on board offshore installations (para 20.36) but
training should emphasise thar they provide protection only for a limited period to
facilitate evacuation or escape. On-going research sponsored by the industry on the
development of improved smoke-hoods should be expedited.

Survival packs

20.36 Some operaung companies, among them Occidental, issue survival packs to
those going offshore. Generally these packs conrtain a life-jacket, a survival or immersion
suit, a rorch and fireproof gloves. Such equipment packs should become standard issue
offshore. The packs can be kept in the individual’s living quarters and/or at work sites
and regularly examined. A type of smoke-hood, as described above, should be added
to the kit, as well as any other simple and personal survival aids that may become
available. I recommend that survival packs containing at least a personal survival suir,
a life-jacket and a smoke-hood should be issued to everyone on board an installarion
and that these are normally rerained in their accommodation. Other survival packs for
at least half the POB should be stored in containers placed at locations on the
installation subject to what 1s shown necessary by the Safery Case.

Rescue from the sea
Standby vessel (SBV ) legislation and code of pracrice

20.37 Having escaped to the sea, survivors have to be rescued and taken to a safe
place where medical care is available. The means of rescue should be effective in the
widest possible range of weather conditions. Reg 10 of the Emergency Procedures
Regularions requires a SBV to be present wirhin 5 nautical miles of every normally
manned installation, ready to give assistance in the event of an e¢mergency at or near
the installation. These vessels carry FRCs which can be deployed rapidly to rescue
persons from the sea. This regulation is supported by a DoT code of pracrice, for the
assessment of the suitability of SBVs for artending offshore installations, setting out
standards which are to be met as the condition of the issue of a certificate in respect
of the vessel. The code was first prepared in 1974; its binding force is based on a
voluntary agreement whereby members of UKOOA undertook to abide by the
standards set out in the code. Mr B C Drew, a senior surveyor in the DoT, said that
this voluntary agreement had been honoured; to his knowledge there had never been
a case where a vessel which has not been certificated has been chartered by a member
of UKOOA. The third and latest edition of this code was issued in draft in August
1989. It ook account of lessons learnt from the disaster. It has not yet been ratified.

Requirements of the code of practice

20.38 Mr Drew explained that the first code of practice continued in use after the
introduction of the Emergency Procedures Regulations.

The latest rarified version was issued in 1984. It required, nier alia:

1. Provision of FRCs.

[\

Improvement to the accommodation.
Improvement to equipment and first-aid.

The provision of bridge control.

ok oo

Special provisions for large SBVs and those operating north of 62° north and
west of 157 west.

Work on the third edition was started in 1986. In it the funcrions of an SBV have
been expanded to include the requirements that it should:
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(a) Communicate with the installation, etc.
(b) Rescue persons from the water.
(¢) Keep a monitoring wartch in the safety zone.

(d) Attend closely to the installation during certain operations (helicopter
movements, work over the side, etc).

As stated in the preceding paragraph, this edition has not yet been ratified.

Criticism of SBV legisiation

20.39 UKOOA witnesses were critical of the existing legislation governing the
requirements for SBVs. Mr C ] Middleton, Chairman of the UKOOA Marine
Committee, said that the SBV was only one part of the total evacuation and rescue
package bur nevertheless a whole regulation and a code of practice were devoted to it.
The prescriptive requirements that the SBV should have accommodation on board
for the total population of the installation and that the SBV should attend each
individual installation; and the specification of vessels by broad geographical areas
were particularly criticised. It was suggested that the regulations should instead require
operators to propose a total evacuation and rescue package for each installation or
group of installauons. Mr D T Rudd, of BP, described BP’s evacuation policy and
plan for the Forties field. This was an assessment of the toral evacuation and rescue
requirements for the Forties complex of 5 fixed installations and proposed that 3 SBVs
(or 2 SBVs and the emergency support vessel Iolair) would be adequate to ensure safe
and full evacuation and rescue in an emergency in that complex; or 4 SBVs when a
flotel was stationed in the area. This contrasted with a requirement of 8 SBVs if Reg
10 was interpreted in a strict manner, as the DEn had recently indicated should be
done. BP presently employed 4 SBVs in the Forties field. Mr Middleton suggested
that a remote drilling rig, say to the west of Scotland, which would have ittle back-
up nearby, would require a high-capability SBV which could accommodate the total
population but such vessels would not be required in a multi-platform field or in a
developed area of the North Sea. The consideration of a total package of facilities
and other arrangements for evacuation, escape and rescue rather than a simplistic
prescription of standard requirements is in line with the approach which I have already
recommended in this chapter (paras 20.8-9). I recommend that the required changes
are made in the legislation and code of practice so that evacuation, escape and rescue
can be the subject of an analysis submitted by each operator; and form part of the
Safety Case for each installation. However, some prescriptive regulations on standards
and quality of equipment, crewing and training would be required. These equipments
and standards are discussed below.

Criticism of SBV standards and the UKCS SBV fleet

20.40 Criticism by survivors and other witnesses was Jevelled at the general standard
of SBVs in the UKCS. Information provided by Mr J S Daniel, Chairman of the
Standby Ship Operators Association, showed that of the 187 SBVs for which there
were complete dara, 162 (87%;) were converted fishing trawlers. There were only 7
purpose-built SBVs and 18 multi-functional vessels operating in a standby mode, but
not all full-time. Mr Daniel said that if fishing trawlers were properly converted they
would meet the requirements of the code; a trawler hull provided a very good platform
for rescue operations because of its good sea-keeping qualities. However Mr M Macey,
a Director of Maritime Rescue Services Ltd, was doubtful whether trawlers were
sufficiently manoeuvrable even with bow-thrusters fitted, or had the visibility to pick
up persons easily from the sea because of their small bridges and high forecastles. Mr
Middleton suggested that because of the requirement in the code that SBVs should
be capable of accommodating the toral population of an installation, innovation had
been stifled and the use of aged trawlers had been perpetuated.

20.41 The only SBV about which the Inquiry heard dertailed evidence was the Stlver
Pi:. T described its performance on the night of 6 July in Chapter 9 in critical terms.
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It was deficient in many respects, although the courage of its crew was outstanding.
In the light of the evidence my impression was that a large part of the 162 converted
rrawlers in the UKCS SBV fleet were in no better position. Offshore operators were
accused of raking the view that because SBVs make no contribution to profit,
expenditure on them should be kept to a minimum, a view vigorously resisted by
UKOOA. Mr Daniel said that the pressures put on charter rates after the fall in oil
prices in 1985/86 had made it difficult 10 maintain standards. The Norwegian standby
fleet is in large part purpose-built to the specifications required by Norwegian
legislation. My understanding is that the 7 purpose-built SBVs operating in the UKCS
waters were mainly, if not all, Norwegian-built. I accept the implication that the
strictness of the regularion and the present code have discouraged some operators
from doing other than the minimum necessary and have thus inhibited improvement
of the SBV fleer; and thar the cost of operating SBVs has not necessarily enjoyed a
high priority in the operating budgets of oil companies in recent years. I strongly urge
that the standard of the existing SBV fleer is improved with despatch, although it is
obvious that this cannot be done at once. Basic standards should be introduced for
exisring vessels and a right but realistic deadline for compliance set. Specifications for
new vessels should be set which will ensure thar they meet fully the requirements of
the Safety Case.

SBV equipment quality and standards

20.42 In these circumsiances there is a strong case for setting specific standards for
SBVs in legislation 1o ensure that the vessels used are of consistent quality and
reliability. The important mechanical standards for SBVs, apart from sea-worthiness,
should include:

1. Manoeuvrability It should not be 2 requirement for an SBV 1o manoeuvre close
to damaged installations. Rather it should mainrain a safe disrance and use its FRCs
to pick up survivors from the installation if this is possible. It should be able to
manoeuvre o pick up survivors from the water or clinging to wreckage. This
requires it to be highly manoeuvrable and able to maintain its position.

2. Visibility The master should be able to keep the rescue areas in full view from
the bridge, and be able to approach a person or object in the water while retaining
total contro) of the vessel. The FRC launching area should be fully visible from the
bridge.

3. Lighnng At least 2 searchlights, covering the full 360°, and capable of being
remotely controlled from the bridge, should be available. There should also be
adequate local lighting in the pick-up and launching areas.

4. Commumcation The SBV must be able to conrtact its FRCs, the installation and
nearby vessels and aircraft, as well as to maintain conversarional contact between
the master and the crew.

5. Survivor recovery from the water Scrambling nets or ladders are only suitable
for use by fit and uninjured personnel. If an accident has caused the escape of people
to the sea it i1s very likely that some will be injured, possibly severely. A number of
recovery techniques were described to the Inquiry. At least 2 different methods
other than Jadders or scrambling nets should be available on the SBV.

6. FRCs Two FRCs should be carnied on SBVs. FRC standards are discussed in
para 20.46.

7. FRC lawnching and recovery A rapid launching facility for FRCs musrt be insralled.
Launching should not be in the critical path of emergency response, ie the FRC
should be able to be purt in the water with engine running as soon as the crew is
ready. Consideration should be given to the need to recover an FRC with a badly
injured survivor on board who would be in danger by conventional recovery.

These should apply independently of what may be shown by the Safety Case 10 be
required: and accordingly should be prescribed by regulations which would otherwise
be goal-oriented with regard to rescue facilities.
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SBV usage tn man overboard incidents

20.43 In practice the main use of SBVs has been in the rescue of men falling
overboard from an insrallation, either when working over the side (scaffolders etc) or
other accidents (knocked overboard, etc). Where men are working over the side, SBVs
or larger FRCs are stationed in close proximity to the installation. Data presented to
the Inquiry showed that 126 MOB incidents occurred in the 13 years from 1974 to
1986 inclusive. The most common means of recovering the MOBs was by FRCs
deployed from SBVs. A toral of 35 deaths resulted from these MOB incidents. An
analysis of this data showed a survival rate of 95% for working over the side incidents,
compared with survival rates of only 459, on other installation MOB incidents and
609, for MOBs from attendant vessels (the larter including 7 from SBVs themselves).
Over the period there were an average of 9 MOB incidents per year involving 10 or
11 casualties of which approximately 3 were fatalities. In the 26 years since North Sea
operations started in 1964, there has been only one incident in which men had to
escape into the sea deliberarely - namely the disaster. This emphasises the need to
ensure thar the requirements of the regulations allow for MOB incidents and do not
concentrate solely on major disasters which are rare.

SBYV usage on other duties

20.44 The code for assessment of SBVs indicates that an SBV can operate in a multi-
purpose mode provided that its safety role takes precedence over all others. Mr Drew
explained that, for example, a supply vessel with appropriate standby certification can
carry cargo from port to an installation provided that sufficient cargo is unloaded and
the rescue areas are maintained clear of all encumbrances before she becomes a
dedicated SBV. Also, certain small quantities of cargo can be carried between
installations without impairing the safety function of the vessel. It is for the master
of the SBV 1o ensure that the vessel is ready to undertake the rescue role at any time
when on standby dury. Mr Ognedal also explained that in Norway SBVs could
undertake functions other than standby services provided that these did not hinder
the standby tasks or affect response times. This does not appear to be an area of
difficuley.

FRC equipment and performance standards

20.45 The code for assessment of SBVs lays down that at least one FRC is carried
on SBVs, ready for immediate use and capable of carrying at least 9 people plus 2
crew, or 15 people and 3 crew in the larger specification. FRCs must be capable of
being launched while the SBV is underway. Their engines can be either petrol or
diesel driven and be capable of being maintained while the SBV is on station. Although
not specifically recommended in the code, all FRCs are of the rigid hull inflatable type
and are self-righting. The larger ones are fitted with an enclosed wheelhouse which
allows their crew o continue on station for extended periods, as required by MOB
and other duries of attendance. They are capable of a speed of at least 20 knots in
average sea states.

20.46 The lessons drawn from the disaster show that the FRC is a very important
part of the total rescue effort. It is particularly important that they are fully reliable
mechanically. I consider thart it is very important that there should be a very high
standard in a number of areas including:-

Launching capability

Capacity

Speed

Crewing

Maintainability

Communication links

Search capability (lighting etc).

N e N
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FRC reaction time

20.47 Evidence was heard that when someone fell into the North Sea in winter there
was the danger that he might suffer from ‘““cold shock™, a stoppage of the heart. If he
was recovered within 4-5 minutes he stood a chance of recovery without permanent
brain damage. If he survived rhe initial immersion the average period he could survive
before hypothermia caused death was about 30 minutes, but this varied considerably
from person 10 person. No target times for MOB recoveries have been recommended
in the code but it is accepted that in over-the-side work supervised by SBVs and/or
FRCs a recovery time of less than 5 minutes is achievable. Captain Ginn said thar it
would be very difficult to match that performance by helicopters, which would have
to be on the same platform, fully manned and equipped with search and rescue
facilities. Data from the period 1974-1986 showed rhar of the 43 casualties recorded
as being in the water for 1-5 minutes, only one died (24%;). Of 14 casualties in the
water for 6-10 minutes, 2 died (14",) and of 14 in the water for greater than 10
minutes, 5 died (36°,).

FRCs on insiallations

20.48 FRCs can be deployed from offshore installations as well as from SBVs. This
is common pracrice in the NCS where 48 rigs and platforms carry FRCs. They are
installed on only 3 installations in the UKCS. Mr Wallace said thar the industry was
not encouraged by the regulations to install FRCs on insrallations; FRCs were required
on the SBVs in attendance. However, if the regulations encouraged a flexible approach
rather than rigid prescription, in the case of a cluster of installations FRCs on some
installations could give betrer cover. They would be parrticularly useful in covering
work over the side. There were problems with launching and recovery. These problems
have apparently been overcome in the NCS although this took about 8 years. 1 would
recommend that the opportuniry to station FRCs on installations should nor be
constrajined by regulation, as their use would probably be an arrractive part of rocal
evacuartion and rescue packages for installations (see para 20.39).

20.49 FRCs are launched from installarions either by using single-fall davits (normal
in Norway) or by cranes, with or withour special launching cradles. It was recommended
by Mr Wallace that they should be mounted as low as possible, ie on the cellar deck
(the module support frame) as they did not have to be sited at emergency embarkation
points. Dr Side reported that the reaction times for MOB recoveries using installation-
launched FRCs compared favourably with those from SBVs during periods of work
over the side. The longest response time found in a study of MOB incidents was 7
minutes, with the average being 4-5 minutes. It might not be necessary 1o have a
dedicated FRC crew available on the installation as they might be able to carry out
other non-conflicting duties when not required for MOB cover.

SBV and FRC manming levels and requirements

20.50 The code for the assessment of the suitability of SBVs for attending offshore
installations requires that the DoT states on the certificate of survey of the SBV the
absolute minimum manning below which it 1s considered unsafe to operate. The owner
of each vessel in association with the master prepares contingency plans covering the
responsibilities and allocation of duties of crew members in the event of the occurrence
of an incident. These plans also detail descriptions of the responsibilities of the SBV
master and the installation OIM, and the responsibiliges for the control of search and
rescue operations. The minimum manning scales range from a crew of 7 10 a crew of
15 depending on the size (e survivor capacity) of the SBV. Mr Macey felt that the
manning specifications in the code were too low with respect to the smaller size SBVs.
Also when 2 FRCs were carried there should be crews for each of these on board (3
each). This was not allowed for in the code. It was also insufficient in not requiring a
second mate, to alleviate over-long watches. I do not consider that the evidence before
the Inquiry was such as to enable me to make definite recommendations on this rmatter.
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I consider that the DoT should take this evidence into account when revising the
code.

20.51 The proposals in the amended code require medical examinations before
employment for all members of the crew. Crew members over 50 have to undergo
annual medical exarnination, and be certified as fit 10 be employed on a vessel offshore
for up to 28 days at a time. Except in special cases the age limit for crew members
should be set at 60. I agree with these proposed standards.

20.52 The proposals also state that the periods of duty on SBVs should be limited to
28 days in summer and 21 days in winter, with an allowance of 2 days steaming to
and from installations. No crew should serve 2 consecutive periods of duty with less
than one week’s leave of absence berween them. Again ] am in agreement. [ consider
thac the changes referred to in this and the last paragraph should lead to an improvement
in performance and rthe enhancement of safety.

SBV crewing problems

20.53 Low charter rates in an increasingly competitive market in recent years appear
to have made it difficult to find and retain people with the appropriate knowledge,
experience and mentality to crew SBVs. Mr Macey suggested that operating companies
did not take sufficient interest in ensuring that crew standards and training were up
to requirements; and thar crews overstayed their prescribed tours of duty. (Mr Drew
of the DoT said thar this latter problem was being acted on.) Mr Daniel suggested
that bertter conditions, more training and better pay (which would entail higher charter
rates) would be needed to improve the manning situation. He said that Government,
operating companies and vessel owners/operators should seek to engage in constructive
discussion so that improvement can be achieved and fragmentation avoided.

20.54 The problems of crew motivation and boredom, and their feeling of being
unappreciated by the installation and the industry were described by Mr Macey. He
suggested that more contacts between SBV crews and operating company personnel,
both offshore and onshore, would help. So also would more regular offshore exercises
involving the SBVs and rtheir crews. The different terms and conditions of SBV crews,
who did not enjoy the equal time on and off duty that was common in operating
companies, did not help their motivation. Crew accommodation and recreation facilities
were obvious areas in which to seek improvements but stimulation by activities,
exercises and close involvement with the platform were also important. It would
appear to me that there are indeed real problems with the motivation of SBV crews
who have the task of keeping station for weeks at a stretch with nothing to relieve the
routine. Thijs is not a matter for regulation but I consider the offshore operators and
vessel owners should take steps to improve the situation. As a minimum there should
be more contact between the SBVs and the installations and more realistic exercises.
In this respect I would recommend that the position and status of SBVs offshore and
their functions for the following week should be notified weekly to the regulatory body
with a copy 10 the DoT. This would minimise the possible over-staying of tours of
duty and would also keep the situation of the crews in focus for vessel owners and
charterers.

SBV crew rraining

20.55 There is no current legislation covering the training of SBV crew members.
The latest edition of the code sets out the certificates which have to be obtained by
all crew members and gives guidance on the establishments and bodjes where the
training courses specified can be undertaken. Requirements for specialised rraining
are laid down. Every member of the crew should have attended a course of basic first-
aid. At least 2 of the crew (other than the master) should hold a certificate in advanced
first-aid, one of whom should be nominated as the medic. For each FRC carried at
least 3 crew members should be trained and hold certificates in all aspects of its
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handling and communications. Refresher courses must be attended regularly. The
courses specified in the code appear to cover all the recommendations for training
made in the course of evidence. The government departments, vessel owners and
operartors and operating companies should co-operate to ensure that all crew are fully
trained in all aspects specified. T would emphasise the need to train and refresh the
crews of SBVs, especially the coxswains and crews of the FRCs. All training should
be documented and records of rtraining held centrally, preferably by the OPITB.
Probably the most important concern must again be to motivarte the crews to rake the
benefit of the training. As Mr Macey, an expert on training, put it, ‘It does not matter
how much training you give the crews, if the crew is not motivated then you are
wasting your tme.

Command in emergencies
The command structure

20.56 Evidence was heard from UKOOA on the command structure and organisation
required to ensure effective response to an offshore emergency. Mr M R Baxendine,
a Shell Expro OIM, said that in his company the general practice was to pre-select,
train and dnll at least 3 emergency response teams {(operatons, drilling and services),
all with trained back-up support teams available in case these were required. All non-
essential personnel, (ie those not in the command structure or the emergency response
teams), assembled at predetermined muster stations, grouped by the lifeboat numbers
to which they were assigned on arrival on the installation. The OTM was in overall
charge of the installation; his replacement was pre-nominated to replace him if he was
incapacitated or not contactable. Only the OIM or his replacement had the power to
decide whether it was necessary to abandon the platform. His emergency command
centre, normally the radio room, would receive progress information from the response
tearns and would direct them and communicate with nearby vessels and the shore as
necessary. This appears to be the general pattern of emergency command followed on
the UKCS. I comment on the criteria for OIM selection in the next paragraphs.

The OIM

20.57 The appointment of an OIM is required under the MWA (Secs 4 and 5). The
regulations give the OIM general responsibility for safety, health and welfare and for
maintaining discipline and order on the installation. Candidates for the post are
nominated to and accepted by the regulatory authority. The Inquiry did not hear any
evidence on the criteria applied to the acceprance of an OIM by the regulatory
authority. In earlier chaptrers I expressed the view that there were significant
shortcomings in the performance of certain of the OIMs on the night of the disaster.
In particular T expressed the view that because of the lack of leadership on Piper the
death 1oll was substantially greater than it would otherwise have been. A number of
survivors said that in the galley, where the OIM was positicned, no one was in charge
or giving instructions ox advice.

20.58 Evidence on the abilities required in an OIM was given to the Inquiry by
UKOOA and by the Institution of Mechanical Engineers. Mr K A ] Ellice, a training
manager with BP Exploration, said that they looked for exposure to the North Sea
environment, experience in a related technical discipline and ability 1o command.
Information on ability to command would normally be provided through the in-
company staff appraisal systems. It was extremely difficult to judge a person’s ability
to command in a precise way; they could be provided with the “techniques and
mechamisms”. He said thar leaders were found rather than trained. Mr Ellice was
definite that BP would not and do not use psychological tests such as were pracrtised
in the Royal Navy and Merchant Navy. During experience and training leading up to
the selection there would be the opportunity to assess individuals in a variety of
situations and circumstances. Dr A A Denton, representing the Institution of
Mechanical Engineers, listed 4 criteria that the OIM and at least one deputy should
have, command ability, specifically tested in simulated circumstances; technical literacy
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to at least Higher National Diploma or equivalent standard; experience of at least 3 years
offshore; and understanding of the sea/air environment by training and experience. Mr
Baxendine, who gave separate evidence on the command structure, was a practising
OIM with 14 years experience. He stated that in the vast majority of cases the OIMs
in his company (Shell) had all previously commanded groups of men.

20.59 The failure of the OIMs 1o cope with the problems they faced on the night of
the disaster clearly demonstrates that conventional selection and training of OIMs is
no guarantee of ability to cope if the man himself is not able in the end to take critical
decisions and lead those under his command in a ume of extreme stress. While
psychological tests may not appeal to some companies the processes used and proven
successful by the armed forces or the Merchant Navy, who have to rely on their
officers to lead under stress, should be seriously considered by operating companies.
The post of OIM calls for decisions which may make the difference between the life
and death of personnel on board. The remoteness of installations, the requirement for
installations to be self-contained in the means of dealing with a rapidly developing
incident, the need to obtain, verify and consider data communicated to him from
various sources for immediate decision on which the lives of those on board depend
demands a level of command ability which is not a feature of normal management
posts. The command ability of the OIM and the command structure and organisation
in emergencies should be factors in the Safety Case proposed by the operating
company. They should be part of the safety management system of the company which
1 will propose in Chapter 21.

Emergency exercises

20.60 Mr Ellice described how operating companies tested their command strucrures,
by regular emergency exercises held for each installation, by operating company
exercises and by full-scale exercises invo)ving outside authorities such as the coastguard,
police etc. For these a major disaster such as a helicopter crash on a platform or an
explosion and fire were simulated. BP employed emergency response trainers who
regularly visited all installations and assisted installacion management to conduct
specialised emergency exercises. There were also nominated persons in their safety
department who were tocally responsible for the planning and instigation of large-
scale emergency exercises carefully organised to require co-ordinated onshore and
offshore response. They considered that full-scale exercises were very important,
covering interconnected platforms as necessary. Larger-scale exercises effectively
exercised the emergency systems as well as training those in command on the
installation. UKOQA have published guidelines for offshore emergency exercises, 1o
determine the effectiveness of the operators’ emergency procedures. Both in-house
and major exercises in conjunction with outside authorities are specified.

20.61 T consider that emergency exercises are essential means of ensuring that paper
procedures work 1n practice. They also allow for the assessment and upgrading, as
necessary, of the performance of the command structure. I recommend that emergency
exercises are carried out in accordance with UKOQOA gujdelines and that command
teams are given practice in decision-making. The operator’s system for emergency
exercises will form part of its safety management system (see Chapter 21).

Precaurionary musters, drills and 1ratmng

20.62 Precautionary musters are held on all North Sea installations. All the persons
on board are assigned a TEMPSC number on arrival on the platform and, on the
emergency alarm sounding, non-essential personnel assemble at the pre-determined
muster station, by lifeboat groups. If the OIM decides that the platform should be
wholly or partly evacuated they make their way either to the helicopter deck, if
helicopters are used, or ro the lifeboat station, where pre-selected coxwains command
the individual lifeboars. Separate lifeboats are reserved for the emergency response
teams to use if it becomes necessary to evacuate the installation completely. POB lists
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are maintained on installations but experience on the night of the disaster shows that
it would be important for them to be updated for every movement of personnel, and
copied immediately to shore. These lists should be maintained in alphaberical order
angd by contractor employer, to minimise confusion and delay in reacting to queries
in emergencies. I recommend thar all POB should attend at least one muster per tour
of duty; and that the circumstances of all precautionary musters and evacuations
should be reported to the regulatory authority.

20.63 If central control and a planned evacuation cannot be exercised, as in the case
of Piper on the night of the disaster, the personnel would be expected to make their
own way to the sea. Mr D S Kinloch of Conoco described the need to take individual
action in these circumstances. Such action, if taken prematurely, could of course be
derrimental to controlled and orderly evacuation but the emergency training given to
offshore personnel should enable individuals to minimise the risks they rtake if this
becomes inevitable.

20.64 Realjstic and up-dated emergency training and regular drills are of viral
importance to ensure that the risks of emergency evacuation, escape and rescue are
minimised. They should never be neglected. I recommend that the UKRQOOA guidelines
for offshore emergency safety training on installations should be a minimum require-
ment for emergency and rclated training. I recommend that records of personal dertails
and safety training courses attended by all personnel seeking employment offshore
should be mainiained by operators until the central training register insnituted by the
OPITB is operational. As for emergency drills and training, the operator’s systems
for these should form part of the safety management system (see Chapter 21).

20.65 The responsibility to ensure that the reaction to an emergency is effecrive, safe
and disciplined is primarily with the management of the installation, ulumately the
OIM. Onshore managemenrt have important roles to play in this bur the decisions
have ro be taken on the platform. The cormunangd structure must be tested and drilled
regularly. This should be seen as an essential part of working offshore. The biggest
difficulty arises where there is an atrtitude of indifference offshore, particularly in the
case of the occasional worker who may be on the platform for only a few days. All on
board should take part in training, drills and exercises. The abnormaliy high casualty
rate among those on Piper who, for reasons of their employment were not fully familiar
with the platforma layour, was striking.
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Chapter 21
The Future Offshore Safety Regime

Introduction
21.1 The discussion in this chapter is divided into 3 main parts in which I discuss:

(1) The importance of the management of safety by operators; and the need for
the maintenance of a consistently high srandard of performance if their
responsibilities under the regime are to be discharged (paras 21.2-14),

(1) the extent to which the present methods of control, allocation of responsibilities,
regulations and guidance in the offshore regime are appropriate and effective
(para 21.15-51), and

(11) changes in the regime which, along with those recommended in Chaprters 17-
20, are in my view necessary if the regime is to fulfil its functions in an
appropriate and effective way (paras 21.52-87).

The management of safety
The role of operarors

21.2 The safety of personnel on installations is critically dependent on the manage-
ment of safety by the operators, as the circumstances of the disaster clearly demon-
strated. There is, of course, nothing new in the idea that safety requires to be managed.
The reports of investigations into recent major incidents have shown the dangers
posed by serious failings in the management of safety by large organisations.

21.3 The evidence before the Inquiry has served to demonstrate that an offshore
installation presents a combination of features which make it unique from a safety
point of view. The living quarters are relatively close to the plant, which itself is
placed in a confined space. Evacuation may be difficult if not impossible in certain
weather conditions. While a chemical plant has some of these characteristics, evacuation
is always available and the operating crew are not confined to the immediate vicinity.
Installations are designed to meet specific requirements and may be subject to
modification. These considerations underline the need for an adequate system for the
management of safety and the need for a suitably rigorous regime which ensures that
this is mainrained.

21.4 There are practical limits to the extent to which a safety regime can affect the
manner in which safety is managed. Mr R E McKee, Chairman and Managing Director
of Conoco (UK) Ltd, offered the following comments:

“Irt is my fundamental belief that safety cannot be legislated, while recognising that
enough legislation or regulation needs to exist to ensure that minimum standards
are maintained. Such regulation should impose a duty on the operator to do
everything reasonable to achieve a safe operation. By and large, safety has to be
organised by those who are directly affected by the implications of failure. These
people are ip the best position to determine the detailed measures necessary on their
own particular installation to achieve the safety objective. Imposition of detailed
requirements cannot anticipate all the variances of differing practice, location,
organisation and size that exist. In fact, prescriptive regulation or over-detailed
guidance may at times tesult in the overall safecy objective actually being compro-
mised. Innovation, on-going improvement and objectivity will be stifled; and the
more prescriptive the regulation the more unclear it is who has the responsibility
for total safety. Compliance becomes the overriding objective. Sight is lost of the
more realistic and overal] intent that all reasonable steps should be taken to achieve
the toral safety of the installation. Finding the middle ground is difficult. The
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Government is faced in some ways with the same problems that upper management
is. In other words, first, they must be confident that industry has in place facilities
that are properly designed for safety, using a FSA approach, and then that
organisations have generated a proper safety culture that will help result in excellent
safety performance. Audits need to assume a far higher prominence as a means of
checking the ability of the organisation to achieve safe designs, operations practices
and systems to interrupt a chain of events leading to a Piper Alpha type accident.
This wil) require more skilled personne! for operations to conduct specialist audits,
for third parties to check them and for Government departments to review their
success.”

With the general thrust of those comments 1 find myself entirely in agreement. I
should add that it 1s also plain that a regulator cannot be expected to assume direct
responsibility for the on-going management of safety. There may be circumstances in
which inspectors can and should take the relatively drastic step of interfering by means
of starutory nortices, but these are the exceprion. For all practical purposes the
management of safety i1s and remains in the hands of the operators.

2).5 This approach may be compared with what Mr Rimington described as the
HSC’s approach to the principle of self-regulation:

“For practical purposes, its essence is that while the regulator can and should, in
consuiration with those regulated, provide a framework of rules and the necessary
impulses and disciplines, health and safery 1s principally a matter for management
m-firm.”’

21.6 These consideratrions underline the imporrance in the offshore safety regime of
the general duries of employers under the HSWA and measures which are directed to
ensuring that these durties are performed in a demonstrably adequate manner. I regard
this as a key part of the regime.

Changes in the regime discussed in earlier chapters

21.7 In Chapters 18-20 I have discussed a series of measures which should be put
into effect in the interests of safery, primarily through goal-setting regulations and to
some extent through more detailed provisions.

21.8 More fundamental than these, and different in kind, are the measures directed
to the submission angd acceptance of a Safety Case on certain aspects of safery which
[ have discussed in Chapters 17, 19 and 20. These are directed to ensuring that the
potential major hazards of the installation and the risks to personnel thereon have
been identified and appropriate controls provided; and that adequarte provision is made
for ensuring, in the event of a major emergency affecting the installation, a temporary
safe refuge (TSR) for the personnel on the instatlation, and their safe and full
evacuation, escape and rescue. The present chapter will consider whether further
requirements shounld be imposed on operators with a view 1o their demonstratng that
they have made and maintain adequate arrangements for the management of safety at
large.

The means of achieving adequate management of safety by all operarors

21.9 Management witnesses gave evidence to the Inquiry as to the importance of
defining and communicating to the whole workforce an adequate safety culture or
philosophy; and ensuring that they were fully motivated to implement it. Safety should
not be treated as something which was separate from the conduct of business. Mr R
A Sheppard, Vice-President of Production and a Director of Amoco (UK) Exploration
Company said that “safe, prudent working practices and procedures are good business
practices’”. The organisation of safety was a matter for line management at each
successive level. Mr McKee said:
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“Philosophically we look to line management for safety performance, not to the
safety department or to a government agency. If a safery programme is to have
outstanding results, it is imperative that senior and then each progressively
junior level of management exerts its leadership in establishing goals, demanding
accountability for performance and providing the necessary resources. While top
management sets the safety standards for the entire company, our first-line
supervisors are the key link in actnally making it happen. Each of them is personally
involved in safety training, safety inspections and other safety activities. They make
sure thac all line employees and contractors reporting to them are trained to work
safely: that not only musr they know how 1o perform their jobs properly and safely
but are convinced thar they have a responsibility to do so0.”

21.10 Mr Rimington pointed out that the reports on recent major incidents had
drawn attention to the importance of the chain of command for safety, and particularly
to the significance of leadership from the top. They had also focused attention on the
related aspect of in-firm safety culture, and particulary the influence of the human
factor in accident causation. That close attention to the management of safety was
effective in preventing accidents, and that it was compatible or even associated, with
first rate commercial performance was clearly demonstrated. For this he cited the
performance of Du Pont de Nemours (of which Conoco (UK) Ltd is a subsidiary).
His inspectors had formed the unequivocal impression that the more successful firms
usually adopred a more highly structured and effecrive approach to safety than others,
He held the view strongly that it had a great deal to do with discipline. ““If one adopts
a disciplined and determined approach to one’s commercial success, one is likely to
adopt such an approach to other aspects of one’s business.” The establishment of a
safety culrure included, he said, the “systematic identification and assessment of
hazards and the devising and exercise of preventive systems which are subject to audit
and review. In such approaches pardcular attention js given to the invesrigation of
error. The control of human error involves the assumption that people will make
mistakes but that by thought, pre-design and proper motivation this can be made
much more difficult and the consequences mitigated.”

21.11 It is clear that a systematic approach is required if an operator is to ensure
safery on its installations and compliance with the requirements of legislation, including
the duries imposed under the HSWA. This involves a planned approach to the
elimination of danger both in design and in operation. This may be i)lustrated by the
evidence of Mr P Doble, Deputy Project Manager of the Kirttiwake Project, who
explained how its design proceeded through the stages of feasibility study, conceptual
design and detail design. The design philosophy was documented so that in any
subsequent audit or review it would be possible to judge what had actually been done
against the design intent. Management procedures were based on the quality assurance
specifications of BS 5750, supplemented by systematic hazard identification and
analysis to provide a series of checks and balances as the design proceeded. These
included hazard and operability studies, safety reviews, equipment criticality
assessments and audits. Mr McKee said that Conoco traditionally had a formal
quality assurance system in place for design and construction of new platforms and
modifications to existing facilities. The extension of this philosophy to the technical
aspects of their operarions was a key objective for 1990. The objective was to have a
regularised way of watching over work practices 50 as to interrupt the chain of events
that resulted in an accident. Mr M Ferrow, Manager, Safety and Quality Assurance
for Conoco said that safety could be regarded as a “sub-set of quality assurance”. He
described how quality assurance was used to “close out” study findings in the
engineering safety plan for Conoco’s ““V Fields” in the southern North Sea. He
believed that it would be impossible 1o have a fully safe operation without a quality
assurance system which he described as “a mechanism by which managers and
engineers and the company in general can be sure that what they are doing will be
safe, operable and fit for purpose, and, bearing in mind the faults and errors which
can occur, either technical or human, sets up systems which take reasonable precautions
against that; and then, finally, imposes some sort of formal audit structure into that
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1o ensure that these things are being done on a continual basis.” The use of quality
assurance had evolved in the North Sea industry from the early or middle 1970s,
starting with structural matters, extending to systems and then into an all-embracing
technique for ensuring rhat whar was designed was in fact built to specification. It
was now moving, or had moved, into the operaring areas.

21.12 Mr Rimington described quality assurance in the promotion of safety as
“absolutely essential” and established practice in all major industries. Mr Peirie was
aware rhat most operators demonstrated some type of quality management system 10
a standard such as BS 5750 or 1SO 5000.

21.13 Common sense and experience of what happened on Piper indicate that it is
not enough to set up a systematic approach to safety and put it into operation. There
1s a plain need to review and up-darte the system in the light of experience both of the
operator and of the industry. It is also necessary to “audit” the extent and quality of
adherence 10 the system and to “‘verify’’ that its results are in practice satisfactory. It
is clear that companies with an outstanding safety record go to considerable lengths
to audit the management of safety, Mr McKee explained that Conoco performed
management and safety deparumenc audits and inspections on a frequent basis,
amounting to several per month on all aspects of safety management from housekeeping
to work permit usage. As chief executive he received safety audit reports and reacted
by raising the issues which were involved with the relevant vice-president. He
conducted his own informal audits on his frequent visits to the platforms. He
specifically discussed the audit system with managers and employees. All operating
mauagers and their staff conducted regular internal safety audits. First line supervisors
conducted frequent safety inspections in their areas of responsibility. Company
procedures required daily audits for compliance with the PTW system and weekly
compliance reports. Experienced safety professionals carried out audits on a regular
basis by means of inspections of the platforms, including the activities of contracrors.
In addition there was an annual management safety audit of the platforms, including
all relevant onshore managements. There were also special safety audits including
team members from outside consultants. Mr Sheppard observed that “‘simply looking
at the way the equipment is operated and the operating conditions of the equipment
is not a complete safety audir. It has to incorporate in it the operating procedures, the
way safety is approached, upon that particular installation, and it cascades up into
how 1t i1s approached generally by the company.” If it was found that part of the safety
philosophy or safety programme was not being followed or interpreted in the
appropriate manner he would discuss his concern with the manager of the particular
part of the company to iind out whether he had the same impression. Contributions
might also be sought from the safety specialists and other Amoco managers in order
ro see whether his assessment was confirmed. Together they would examine the
available dara and determine whether they were dealing with the root cause of the
problem and not a symptom of some larger problem. Once that examination was
complete they would collectively set about exploring ways of improving the situation.
It could be a communication problem, a supervisory deficiency, a training issue or an
organisational flaw.

Relationship to the regime

21.14 The need for a good and well maintained management of safety by all operators,
and not merely the few, is plain. No doubt the prime responsibility for this lies with
the operators. However it is also plain that the regime has a part to play in the
achievement of that overall objective. Is the present regime appropriate and adequate
for the purpose? 1 turn next to this question.

The existing regulatory approach

21.15 In this part of the chapter I will examine the present methods of control; the
allocation of responsibilities; and existing regulations and guidance.
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Methods of control - design

21.16 Since the Construction and Survey Regulations came inte operation the
examination of design and what has been constructed has effectively been in the hands
of the certifying authorities. The Second Schedule to the regulations coupled to che
guidance provided by the DEn require cerufying authorites to consider whether
various aspects of an installation meet and continue to meet specified standards,
frequently related to establish codes. As I explained in para 16.27, certifying authorities
are concerned with conceptual design of process plant only to a Jimited extent. In
particular they are not required to review plant design in relation to major hazards.
Their concern is with the end product or the proposed end product of the design or
construction. They are not required to examine the managemenct systems which lead
to that design. As 1 have aiready stated in Chapter 19 while certifying authorities are
concerned with passive fire protection, active fire protection is the concern of another
body.

21.17 Under the present regime there are no other requirements which oblige
operators to show that their management of safery is adequate for the purpose of safety
in design.

Methods of control - operation

21.18 It is clear from the evidence that the DEn take the view that it is essential that
the quality of management is assessed by them and found adequate. Mr Petrie’s
position was that over the years, as part of inspection acuvities and other activities
with companies this assessment of management had occurred. He enlarged on these
other activities by saying that there were management safety presentations ‘“which
start with the senior management of the company, where they describe their philosophy
for safety and their control of safery in management terms, and how they implement
that right through their structure to the relevant people on the installation -~ the
managers, supervisors and other staff.” That was one element. “From that follow
discussions at different levels with my people in their appropriate levels within the
company, and it is finally down to the assessment of inspectors in undertaking offshore
inspections.” He pointed out that the monitoring of management of safety was very
similar 1o what was done onshore. His department had carried that forward with the
concept of FSAs, which brought in all aspects of safety.

21.19 The PED’s programme for 1988/89 which was submitted to the HSE in
November 1987 shows that until che first half of 1987 the PED’s ability to undertake
safety presentations had been severely constrained by widespread over-loading of the
staff in the safety branches, particularly at management level. What actually was done
by way of safety presentations did not emerge clearly in the evidence, despite the
attempts of various counsel to obtain elucidation. What seems to have happened is
that presentations by senior management did not take place but that a number of
companies gave presentations at middle management and working levels. As regards
the slippage Mr Petrie explained that safery presentations involved a significant
workload for his department and for himself in particular. However, prior to the
disaster his department had carried out a pilot study based on presentations by a
cross-section of companies, about 8 in number. This was, as Mr Petrie put it, “to see
the way ahead and to see if it was of any benefit”’. The study had shown that the
presentations, he said, ‘“‘could be an effective method of assessing as well as stimulating
operators’ management commitment to safety, as well as providing valuable information
for inspectors engaged in offshore inspections. A section to co-ordinate and service
such audits in a way consistent with the safety management system requirements of
the regime is being set up. Advice has been sought from the HSE’s accident prevention
and advisory unit and from others such as NPD on the audit of safety management
systems.”” The disaster had caused the cancellation of further presentations. They
would probably be reinstated in the Spring of 1990. Additional resources had been
agreed for that.

359



21.20 T am bound to say that I see the system of inspections of the conventional type
practised by the PED, when considered as a means of assessing or monitoring the
management of safety by operators as suffering from a number of fundamental
limitations, While inspections may lead to correction both at the time and for the
future they address something which has already gone wrong. There is no systematic
examination of the operaror’s system for the management of safety. In particular an
examination of management onshore is not involved unless something comes to the
attention of an inspector during a comparatively short offshore visit (reference may
be made to para 15.50.). The obtaining and following up of safety presentations would
be a means of the PED coming to grips with operators’ safety management systems,
but the progress in that direcrion has been extraordinarily slow and tentative. In any
event it is still no part of the requirements of the regime that a safety management
system should be demonstrated to be adequate and carried out in pracrice.

The PED's approach to the future

21.21 In considering the existing regulatory approach I should also take account of
the regulatory body’s approach to the future. Mr Perrie said that amongst the most
imporiant improvements that could be carried out in the regime in the next couple of
years included taking forward the FSA approach as fast as possible and having it
considered by operators. Another was the move towards goal-setting regulations,
replacing prescriptive regulations which were over-inhibiting. Mr Priddle said that
the most important area which he would identify for the future was that attention and
a new focus required to be given to the development of the capability of the Safety
Directorate to assess management systems.

21.22 Mr Petrie agreed that while no regulatory body can expect to employ
permanently the full range of expertise which may be required for its work it ought
to have most or all of the expertise needed to cover continuous requirements of its
system of regulations. Within the PED there were people who had reasonable
knowledge of management systems put assistance was being sought from the HSE.
Mr E J Gorse who spoke to the DEn’s discussion paper on FSA, made it clear that
in the absence of in-house expertise the PED were employing consultants in addition
to assistance from the HSE in formulating the Deparument’s proposals. Mr Priddle
said that while the Safety Directorate had a general competence in relevant engineering
disciplines, he knew that there were some parrticular specialist disciplines which were
not represented. A decision had not yet been made by him about the means by which
the Department would increase the expertise. This would be the subject of proposals
by Mr Pertrie who had already made arrangements to devote part of his resources to
the development of FSA. He would expect him to draw on the relevant expertise from
the HSE. That was part of the integrated process which he was delighted to see in
operation. In the context of expertise in the assessment of management systems he
said: ‘] think there is certainly scope for increasing the expertise which exists bur I
would not wish to give the impression that there is no expertise.”’ He had not yet
seen Mr Pertrie’s proposals as to the new resources which should be introduced. He
expected that in connection with the attracting of persons with the relevant expertise
it would be necessary to supplement the training which the Department currently
provided. As regards the timescale this should be related to the timescale within which
FSA would be introduced. He thought it likely that the regulations would be made
in the latter half of 1991. “The fact that the Department is not able yet to benefic
from such things as formal safety assessment, which would go in greater depth into
managemeni systems, is something which we are working on, as you know, but I
would not regard that as an indication that we are falling down on the job.”

21.23  As regards the offshore inspectorate I have described in para 15.44 et seg the
persistent shortfall in manning levels. Mr Petrie said that he had put in a bid to
increase the total complement from 10 to 12 inspectors, which may be compared with
7 in post. 1n January 1990 this bid had not yet been put before the management board.
At that time 9 specialists were being recruited. The divisional return which was to be
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submirted to the management board made provision for a further 8 specialists. The
total of 17 would bring the total of specialist staff from 45 to 62. This took no account
of administrators, including the safety policy branch where an increase in staff would
help to take forward new regulations and assist generally with matters of policy. In
the last few months there had been a ‘“‘total rethink” of resources. A previous
“fundamental rethink” in late 1986 had been implemented in 1987/88. Staff changes
at that stage had given rise to many vacancies at the grade of Senjor Inspector. Mr
Priddle said, when giving evidence also in January 1990, that he was aware of the
areas in which the Deparument had been unable to achieve because of lack of manpower.
First attention had been given to the manning of the offshore inspectorate.

The HSE’s approach to effective managemenr of safety

21.24 It is of some interest to consider, by way of comparison, the approach adopted
onshore. The HSE’s approach to the management of safety as part of the Safety Case
has been set out in Chapter 17. The HSC’s plan of work for 1989-90 and beyond
makes clear that the HSC and the HSE are intent on a vigorous promotion of the
effective management of safety by industry. Leaving aside the premises to which the
CIMAH regulations apply the HSE’s approach is to insist on evidence that safety and
particularly incidents are being properly monitored. The APAU, whom Mr Rimington
described as ““‘a sort of crack unit™ carry out safety audits in co-operation with Jarge
companies and undertakings. Through this work they have acquired expertise in
management systems and in packages for the monitoring of safety. They train other
inspectors in management systems and increasingly take part in investigations of major
incidents.

21.25 As regards inspectors’ approach to onshore inspections reference may be made
to what I have set out in para 16.37. Mr Rimington said that inspectors were trained
particularly 10 concentrate on the management systems and attitudes in the course of
their inspections. This was something for which they were most certainly trained.
They could also call in the APAU if they had doubt.

The NPD’s approach to the promotiton of effective management of safety

21.26 Mr Ognedal said that safery could not be ‘“‘inspected into a platform”.
Commenting on past experience of inspections he said: “In Norway it has had a
tendency to create a situation where people do what they are told by these inspections
and then wait more or less for the next inspection to come along and tell them what
to do then.” He elaborated this as follows:

“We found that where we had identified a number of things on a platform requiring
attention and had notified the operator of these, the operator would tend to react
only to the matters drawn to his attention. We asked operators whether they were
evaluating our comments on individual platforms across their platforms and fields
and examining their systems in the light of the specific matters we were drawing to
their attention. It appeared from the responses we received that this was not being
done. We considered how we could focus on these issues with a view to motivating
companies to do this themselves.”

21.27 Mr Ognedal said that the main reason for starting to think along the lines of
internal control was that NPD decided that the traditional way of supervising an
activity was not effective. What was required was to get the operator to focus on the
safety issue in a more systematic manner than was the case. He pointed out that even
within the present system in Norway verification, including inspection, could only
reveal what had gone wrong. This was the basic important point in auditing the
procedures that controlled the activity. If weaknesses in these procedures were
revealed, corrections could be made before they resulted in erroneous work performance
or equipment failure.

21.28 He also expressed the view that it was a better use of resources to look at the
framework that would produce safe activiries than to find our only whar had gone
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wrong. “I would say that my conviction is that my resources should be used to
promote the operator and all his personnel, including contracrors, etc, to be conscious
in relation to the activities and the framework controlling the activities themselves,
and to help and motivate that organisation which is present 24 hours a day. Thart is
the best use of my resources.”

21.29 As regards the implementation of internal control Mr Ognedal said that
normally operarors would base their method of management and control on accepted
methods and srandards for quality assurance. It had therefore been recognised that
the duty of having an established internal control system was complied with by
implemeanting integrated quality assurance systems, such as in accordance with ISO
9000. He preferred to see internal control integrated in this way.

21.30 Mr Ognedal said that 5 or 6 years ago consultants produced much of the
documentanion which was required for internal control. However operators had very
quickly found out that they could not use documents which had been written by
consultants. At the present time they produced the documents themselves and used
consultants only to assist in defining what the scope and content of the document
should be. Some operators had found the implementation of the system time-
consuming. He was not sure if they found it difficult. It certainly took time to establish
the system and go through the documenrtation which controlled the activity 1o see that
it was coherent and that the system was implemented and properly understood in che
organisation. His view was chat without something similar in nature to interpal control
a company would be less safe. As regards contractors the operator would require ro
assess any contractor which it was going to use and check that there was some form
of internal control activity within the contractor’s organisation, The operator would
also have a duty to audit thart to see that it did what it was supposed to do and to
correct any flaws that were found. While the licensee had a duty to see thar there was
a systemn of internal control the duty o participate in that system affected all who took
part in work offshore in the petroleumn industry.

21.31 Mr Ognedal agreed that in carrying out supervision the staff of NPD were
now much more involved in making judgements; and had to have the ability not only
to make them bur to defend them in discussion with management. During the auditing
process his staff were dealing much more with senior managers than was the case
before. This meant that they required to understand the managerial role and the
organisation that particular managers had under their control.

The allocarion of responsibilities

21.32 The Burgoyne Committee recommended that the Government should disch-
arge its respounsibility for offshore safety through a single government agency whose
task it was 1o set standards and to ensure their achievement (6.5). This was in
distinction from the situation at the time of their report where 3 agencies namely the
DEn, the HSE and the Deparument of Trade each had certain responsibilities for
safety offshore. The committee envisaged that in the event of their recommendation
being implemented the arrangement whereby the Deparrment of Trade carried out
examinations on an agency basis should be terminared and the DEn should assume
that task (4.10). At the same time the committee irmly upheld what they called “cthe
principle of independent certification of critical features of offshore structural and
operational safety’”. They recorded that the pracrice of subjecting all aspects of the
design and construction process 1o the independent scrutiny of a certifying authority
had found general support and approval (4.25).

21.33 It is clear that the Burgoyne Compmittee did not perceive that there was any
inconsistency between the concept of a single government agency and the role
performed by a certifying authority, although the effect of cthat arrangement was that
an important measure of discretion was entrusted to another body and thart the process
which led up 1o the issuing of the certificate of fitness was outside the direct knowledge
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of the government agency. It appears thar the special expertise of the certifying
authorities was seen as favouring this arrangement; and that their well-established
standing provided a full assurance of independence. Since 1987 their work has been
audited by the DEn. During the course of the Inquiry no cnticismm was made of their
ability for, or their performance of, the work which has so far been entrusted to them.
The artention of the Inquiry was drawn to the fact thar they can undertake work as
consulrants in the design of installations. To carry out such a function would obviously
be inconsistent with acring as a certifying authority in regard to the same matcer.
However, I am satisfied that in practice conflict would be avoided; and thac the
possibility of consultancy work should not affect the running of the certification system
in any material way.

21.34 The DoT continues to act as the agent of the DEn in regard to fire-fighting
equipment and life-saving appliances. Their work is also audited by the DEn.

21.35 During the course of the Inquiry a number of witnesses gave evidence thar it
was important that the work of regulation should be carried out by a single body. In
Chapter 17 1 have already discussed that point in relation to FSA. Mr M Ferrow,
Manager, Safety and Quality Assurance for Conoco (UK) Ltd, spoke to UKOOA’s
position paper which advanced the view that it was “essentjal that the outside authority
is competent In assessing both the engineering and management control aspects. Due
to the integrated nature of the FSA there should be a single body responsible for the
overall assessment.” In that connection Mr Ferrow said: “We operators can direct
our energies ar safety and being safe more profitably by not being encumbered by a
complex regime which requires us to interface with several bodies on specific matters.
It would benefit everyone, in my belief, if operators could deal with one single authority
who understood the overall issue at stake and could indeed help the operators to
achieve their objectives.”

21.36 Mr Ferrow also commented that the offshore safety regime had developed in
such a way that offshore inspectorates were more fragmented than onshore. The
pipelines inspectorate from his point of view appeared 1o be a relatively separate part
of the DEn enforcing different sets of Acts and regulations. He disagreed that such
separation was inevitable where special expertise was required. There was no single
point of contact which looked at the overal) issue.

21.37 In Chapter 10 1 referred to the evidence of Mr Brandie, Safety and Compliance
Manager, Chevron (UK) Ltd and the Chairman of the UKOOA Fire Protection
Working Group, who maintained that the best technical solution to fire protection
had been hampered by the splitting of the regulatory requirements for passive and
active fire protection. Two sets of regulations were administered for the DEn by
different authorities, namely the DoT and the certifying authorities. As a practical
matter the latter tended to have a more continuous dialogue with operators. In
connection with Chevron’s own proposals it had been found necessary to have meetings
with both the DoT and the DEn at the same time in order to make sure that they
were not in conflict with the requirements of the Fire Fighting Equipment Regulations.

Regulations and guidance

21.38 After a review of the legislative and other controls exercised by the DEn for
oftshore safety the Burgoyne Committee came to certain conclusions as to the structure
of the written controls. These were, inzer alia, that an Act of Parliament “sets out main
duties and obligations”; that regulations ““detail mandatory objectives of controls’’; and
that guidance notes “‘relate to a set of regulations, give non-mandatory advice on
methods of achieving objectives”. (4.48). They recommended that; “Future regulations
should specify objectives and avoid overlap. Methods of implementation should be
advised as fully and flexibly as possible in guidance notes which should be recognised
as being non-mandatory.” (6.15).
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21.39 From all sides during the Inquiry there was support for the proposition that
the regime should be controlled by regulations which set objectives (‘‘goal-setting
regulations’). Mr Petrie agreed that where possible regulations should set objectives
rather than lay down a series of prescriptive requirements, and that this was the way
forward so far as the Department was concerned. This allowed for flexibility and the
best practices to be used without inhibition. Goal-setting regulations were equally
applicable in the area of mobile drilling platforms. The Department generally had the
same approach as the HSE. He agreed completely that this placed a greater burden
on the regulator in the sense that he must exercise his experience, judgement and
discretion on areas which might be subject to debate. However, the distinction between
a goal-setting regulation and a prescriptive regulation was very rarely clear-cut. Some
existing regulations could be described as secting objectives. He did not wish to give
up the tool of prescriptive regulation where it was appropriate in order to prescribe a
minimum standard. Mr Priddle accepted that future regulations should in principle
be goal-setting in their nature, but he observed: “Specific requirements seem to us
very valuable in defining acceptable standards in certain well-defined cases.” By way
of comparison I may add that in Norway the NPD are currently moving away from
a regime of derailed regulations and re-emphasising that the operator himself has to
make the appropriate decisions based on objectives. Mr Ognedal stated that it was the
intention of NPD to reduce prescriptive regulation to a minimum in all areas where
it was possible to do so without affecting the safety level. It was foreseen that in some
areas there would srill have to be prescriptive regulations. One of the reasons for
adopting the goal-setting approach was to make regulations that were more flexible,
so that changing technology could be accommodated without the need for new
legislation.

21.40 The movement towards goal-setting regulations would be in full accordance
with the philosophy adopted by the Robens Committee for safety and health legislation.
However, despite the statements of attitude made by wimesses from the DEn there
has been virtuzally no progress towards the creation of new goal-setting regulations
since the publication of the report of the Burgoyne Committee in 1980. Mr Petrie
agreed that onshore the HSE had achieved this in certain areas. “We have not, as yet,
managed thar, although the targer should have been reached.” When asked for the
reason for the lack of goal-setting regulations he said “I do not believe thar our
philosophy is that different from HSE. We have had difficulties with manpower to
take forward this work, because of other work.” Another factor was the task of
considering the balance to be struck between goal-secting and prescriptive regulations.
In the result the existing regulations under the MWA, most of which were made prior
to the report of the Burgoyne Commirttee are different in their general approach from
the type of goal-setring regulations which have been produced by the HSE on the
basis of the HSWA.

21.41 Quite aparc from this state of affairs it 1s clear that a number of the existing
regulations under the MWA have already been recognised to be in need of up-dating.
The PED’s programme for 1988/89 stated that in view of the many changes in the
offshore industry during the 10-15 years since many of the regulations had been made,
it was intended to undertake a review of legislation with a view to up-dating,
rationalising and streamlining regulations wherever possible. This was stated as one
of the actions which the Safetry Directorate intended to take with the overall objective
of the improvement of safety standards offshore and the corresponding reduction in
accidents. Mr Petrie explained that this project had reached the point of identifying
priority areas. However, due to constraint on resources that existed even before the
disaster it had been agreed that it was no longer feasible to consolidare and streamline
the regulations in the way originally envisaged, as the programme for the following
year makes clear. However that programme indicated a proposal to prepare a timetable
for (i) the Operational Safery, Health and Welfare Regulations, which “are far w0
specific with the result that they have become out of date. Consequently a large
number of requests for exemption from some detailed requirements of the regulartions
are received’’; (compare para 7 of the DEn’s submission to the Burgoyne Commictee
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in 1979); (ii) the Life-saving Appliances Regulations and the Fire Fighting Equipment
Regulations, where “technological changes in recent years mean that some up-
dating is necessary’’; and (iii) other regulations including the Emergency Procedures
Regulations, which needed to address the guestion of one standby vessel supporting
more than one installation,

21.42 During the course of his evidence Mr Ferrow advocated the approach that:
“Efforts should be strongly directed at safety rather than compliance for its own sake.”
He explained: ‘It can be exwremely expensive and disruptive to carry out certain
specific precautions and buy very, very little or, in fact, even negative value in terms
of safety, simply in order to comply with a regulation.” He went on to say: “The
problem with the regulations as they have existed is that they do nor address the
overall system whereby the individual components are connected together, so, whereas
there are very particular design codes, ctc for valves and pressure vessels and so on,
the way in which all those particular components interact is in fact not the subject of
any particular specific legislation that I am aware of for offshore platforms at the
morment.”” The point made by Mr Ferrow is similar to one made by ICI Petroleum
Services Ltd in their submission to the Burgoyne Committee which is printed at pages
239-240 of their report. They stated in the course of their submission:

“Experience onshore since the introduction of the HSWA compared with the
previous legislation seems to be that the principles of self-regulation and management
control are resulting in a more responsible forward-looking atritude by companies.
The present system of control by regulation in the North Sea could lead, it is
believed, to an attitude on the part of some employers whereby there is a primary
desire to comply with the regulations rather than exert maximum effort towards
total safety. Moreover, regulations are slow to form and difficulr to change; they are
inappropriate for complex and rapidly changing technologies, and they are capable
of being abused by encouraging the attitude typified by ‘the plant must be safe
because everything has been done that the regulations require’. What is needed for
future projects is a more flexible system which can not only respond quickly to new
problems - thereby generating improvements - but encourage a forward-looking
attitude and put the initial responsibility for deciding what is safe where it belongs -
with the employers.”

At this point it is worth recalling the quotation from the evidence of Mr McKee which
I gave in para 21.4, to which may be added the following quotation from his evidence:
“Regulations need 1o be less prescriprive and detailed, more objective and broader
based. Over time as you layer more and more prescriptive types of regulations on to
the overall regime it probably takes away from the overall objective of total safety.”
By way of comparison I noted that Mr Rimingron’s evidence was that regulations
under the HSWA normally address themselves to systems. He cited in that connection
the provisions of the Pressure Systems and Transportable Gas Containers Regulations
1989 under which management were required to validate and confirm pressure systems
in a systematic way. He went on to say: “Now accompanying those regulations, which
principally address themselves to systems and responsibilities, are quite considerable
codes that will go into all sorts of derails, such as, for example, what you do if you
come to a pressurised system which you can enter, as opposed 10 one that you cannot,
and so on. Therefore, we proceed from the genera) to the particular, leaving varying
degrees of latitude to an employer as to how he tackles the particular. That is our
whole phiJosophy.”

21.43 Mr Ferrow also put in a plea that the strucrure of Acts, regulations and
guidance should, if possible, be made simpler. He said rhat there would be great
benefit in a system of legislaton which all, including engineers, operators as well as
managers, would understand. He saw the potential for a simpler framework of
legislation that did not remove previous legislation at a stroke but looked towards
simplifying and incorporating it within that framework. He thought that the better
way to go was to set up a requirement for assessments rather than attempting to
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identify all the parricular hazards that there could be in all siruations and then
providing particular rules to address those particular points.

21.44 Mr Ferrow went on 1o say that it was an unsatisfactory situation where it was
necessary 10 apply for exemptions to strict regulations. He would be happier dealing
with guidance which could be discussed on a case by case basis. This point
was supporied by other witnesses who were concerned with various measures for
safeguarding personnel in the event of an emergency. Thus Mr M Booth, Head of
Operations Safety, Shell (UK) Exploration and Production Ltd who dealt with escape
routes said that in view of the diversity of platforms it was undesirable to have a
dertailed prescriptive legislative approach. It stifled rechnology and advancement and
at the end of the day it was counter-productive. A similar point was made by Mr I
Wallace, Superintendent of Occupational Safety and Health, Conoco (UK) Ltd, and
Dr J Side of the Institute of Offshore Engineering, Heriot-Watt University, who dealt
with emergency evacuation, escape and rescue. The dangers of over-prescriptive
regulation are 1 think clear from this evidence. It is unwise for any regularor to put
much reliance on exempnons which take time and trouble 1o obtain and may discourage
an operator from incorporating the benefit of improvements in technology. Further,
as Mr Petric accepted, the fact that any regulation requires a large number of
exemptions may well indicate thar the regulation has been badly framed.

21.45 As 1 stated above in para 21.38, the Burgoyne Committee recommended that
guidance notes should be recognised as being non-mandatory. They further said that:
“The guidance notes to regulations should be kept up to date on a continuous basis
and their status as non-mandatory guidance should be clear.” (6.17), Mr Perrie said:
“There is frequently a misconception on the part of people who do use guidance notes
that they are more than guidance notes. It will not be the first time that somebody
has said 1o me rhey wanted to talk about regulations when in fact they were ralking
about guidance notes. We always point out that it is exactly guidance notes and the
standing of them. Of course, it is explained in the front of the guidance notes that
they are non-mandatory.” On the other hand the PED saw guidance notes mainly as
giving miaimum standards. He did not agree that this represented the application of
guidance notes in a prescriptive manner, because the same level of safecy might be
achieved in another way. “When I said minimum I mean meeting the guidance notes
provides the minimum standard that we believe will comply with the regulations.
There are other ways of achieving exactly the samc thing - or potentially other ways
of achieving the same thing. That i1s why the guidance notes are not mandatory 1o
allow that flexibility.”” However, 2 number of witnesses spoke of the problems created
by the fact that guidance notes tended to be treated as an obsrtacle to alternatives. Mr
Ferrow said of the guidance notes which related to the Construction and Survey
Regulations: “I can assure you that they are adhered to almost to the letter and are
taken extremely seriously by engineers ar all levels. It has become a working document
for the method of construction and principally structural macters, and now extends
into a wider variety of matters. As a guidance document it works almost 100 well in
the sense thar the certifying authorities seem unprepared to deviate from the written
guidance without reference back to the DEn.”* Referring to the guidance notes relating
to Reg 11(1) of the Fire Fighting Equipment Regulations he said: “The requirement
to provide fire-water in process areas at the rate of 12.2 litres/m?/minute is, in my
view, off the point of providing fire-water to mitigate the consequences of a fire. If I
think of the resources that are brought o bear in terms of trying to achieve those sort
of objectives, I feel they would be better employed looking ar angd analysing what the
likely fires would be and whar the necessary rates of fire-water would be for that
particular incident.” cf para 19.66 for the evidence of Mr Brandie on this matrer.

21.46 T turn now 1o examine the history of the extent to which regrlations made
under the HSWA have been extended to offshore as well as onshore applicartion. The
Burgoyne Committee noted that safety offshore was the subject of the MWA, the
HSWA and the PSPA and regulations thereunder. They saw as the first task of the
single agency for safery offshore to review the overlap between these Acts (4.24). They
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recommended that future regulations should avoid overlap (6.15). They commented
that the furcther development of safety regulations could in cheory be undertaken under
either the MWA and the PSPA on the one hand or the HWSA on the other, although
the wider application of the latter made it preferable (4.21). The agency agreement
which was entered into by the HSC and the Secrerary of State for Energy set out that
it had been agreed between them that the Secretary of State would make adequate
arrangements in accordance with such guidance as the HSC or the HSE might give
for the development of health and safety regulations, approved codes of practice and
other advisory material under the HSWA. The revised letter of implementation dated
23 March 1982 reflected this. The HSE seconded inspectors to the PED in the
expectation that they would put forward regulations under the HSWA. There appears
to have been no problem in framing regulations under the HSWA in such a way as
to place duties on licensees and other specific categories of persons defined in the
MWA. In the event no legislation under the HSWA has been promoted by the PED
apart from the Offshore Installations and Pipeline Works (First Aid) Regulations 1989,
Further, in the light of the attitude and advice on policy given by the PED the offshore
application of sets of regulations prepared by the HSE in the modern form which is
in line with the views of the Robens Committee and the policy of the HSWA has
occurred only in a limjted number of cases. It wil) also be recalled that whereas since
1977 the HSWA 1cself has applied to the UKCS, the legislation relating to the offshore
industry such as the MW A and its regulations have not been made relevant legislation
for the purposes of the HSWA and accordingly subject to replacement under that Act.

21.47 Mr Rimingron explained that the procedure when the quesuon of offshore
application arose was that the HSE’s policy branch asked the PED what advice it
would give to the HSC. The policy on offshore application was not a matter in which
the HSE played any direct part. This was done under the agency agreement. At a
later stage it became a poticy decision on the part of the HSC whether or not to accept
whatever advice they received from the PED. Out of 27 occasions in which the PED’s
advice had been solicited the answer on 7 occasions was in favour of, and on 20
occasions was against, offshore application. In regard to those figures Mr Rimington
observed: ‘““Thart is a very limited way of perhaps looking at the marter. I have to
repeat that I am not very familiar with the offshore situation. I also have to say that
the Mineral Workings Offshote Acts are, though perhaps old-fashioned in form, really
quite a modern set of provisions. They in general seem to have served the industry
well in the estimation certainly of those who are regulated and also, in the view of the
DEn, who are much closer to the matter than we are.” The regulations in the case of
which the PED advised against offshore application included proposals as ro CIMAH
Regulations 1n 1983; and Control of Substances Hazardous to Health COSHH
Regulations in 1985. In Chapter 22 I will have some comments to make in regard to
the PED’s understanding of and atritude to the offshore application of those proposals.
Mr Rimington said that it was clear from these and other examples that the response
from the PED was identical. Since clearly some general factor was at work the HSC
invited the PED 1o produce a view on the relative operation in the furure of the
HSWA and the MWA “because clearly there was a tension between the two”. He
explained that the overlap between the Acts was of the liveliest concern 10 him and,
he believed, the HSC. As the HSWA regulations extended offshore, if indeed that
was intended, the position of the HSE under the agency agreement automatically
extended. “Given the fact that the HSWA in any case applies offshore, and is indeed
used by the PED, very considerable difficulty arises in knowing precisely what the
extent of the executive’s responsibility is, or indeed the commission’s responsibility
... s0 the commission wished to have the policy of the DEn set out much more clearly
that it had been. Such a policy, when set out, could not obliterate the difficulty of 2
overlapping sets of legislation, burt it would produce more stability in the situation.”
He also said thar the HSE had always perceived in its relationship with the PED a
very great sensitivity which he personally could understand, about the question of
policy for anything that had to do with the structural integrity of offshore installations.
He said that the PED “had a very important and comprehensive system going. It had
been endorsed by the major committee that had sat on the subject. We took it that
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this was a very considerable bar to them feeling that some very substantial change
involving legislation should be undertaken.”

21.48 In 1986 the PED submitted a written review of offshore safety legislation in
response to the request from HSC. It stated thart there appeared to be no problems
relating to the interaction between the PPA, the MWA, the HSWA and the PSPA as
they affected health and safety. New regulations under the HSWA could be used as
an “infi)l”’ to existing requirements, sometimes as an ‘‘addition” and on occasions as
in “substitution’ for existing standards. On the orther hand it said that, however
welcome such assimilations might be, this general rule could not be applied universally.
Offshore there was a need to apply specific standards which might have no logical
counterpart onshore, such as in the area of first-aid, emergency procedures, fire-
fighting and life-saving. Further, certification had no direct onshore counterpart. Its
efficacy had withstood the test of time and there was a clear need to continue with
this concept. The review went on to say:

“Whilst arguments could be advanced to make the 1971 and 1975 Acts relevant
statutory provisions of the 1974 Act, it 1s believed that the present position is
essential for current and foreseeable offshore needs. There are 2 overriding and
salient features of mineral workings legislacion: that of ’structural integrity’ and that
of exploration, including drjlling and production licences and consents - martters
which are not in themselves dependent on or relevant to the occupational health
and safery of persons or directly affecting the public. It is self-evident that there is
a need to ensure such standards whether persons are employed or not. Unmanned
installations are likely to increase as is the number of sub-sea completion systems.
There will therefore be a need for regulations under the 1971 and 1975 Acts o0
ensure the continuation and improvement of appropriate standards. With offshore
safety policy clearly placed in the hands of the Secretary of State for Energy there
would appear to be no conceivable reason to divest hum of this responsibility as a
paper exercise only to return it to him as part of a new agency agreement since the
existing agreement and letter of implementation exhort him 1o develop health and
safety legislation by utilising the HSWA. This paper acknowledges and accepts that
occupationa) health and safety should, where ever appropriate, be made under the
HSWA. The Offshore First-Aid Regulations are a prime example of this action and
shows the co-operation between the executive in this department in their development
as well as the acceprance of 5 other sets of HSWA regulations which have an offshore
application.”

Among the conclusions of the paper it was said that there was a need to retain specific
regulations in such martters as life-saving, fire-fighting and emergency procedures.
“Such regularions could be made under the HSWA: although historically having no
onshore connotation it would seem logical 1o continue any future action under the
1971 and 1975 Accs for the sake of continuity.”

21.49 Mr Rimington commented that the paper very largely confirmed his under-
standing as to the view which the PED took as to the scope for the use of regulations
under the HSWA. “What it does not resolve is - given that regulation of anything has
to be tackled from 2 certain philosophy - any conflict between the philosophies
involved. In order to give a final answer 1o the question, how far are we entitled to
form judgements of PED’s effectiveness? Where does that judgement begin or end?
Does it stop entirely with the 7 regulations, or does it extend somehow beyond that?
If it extends beyond that, how do you cut them off?”” Mr Rimington also added chat
the scope of the expression “‘occupational health and safety” was extremely difficult
to define. However, he accepted that the paper achieved what the Burgoyne Committee
had referred to (in 4.24) as the review of the overlapping Safety Acts. The PED had
streamlined the situation in the sense of relying almost wholly on the MWA. In those
circumstances he thought that they could very fairly claim to have sumplified the
situationr and brought some order into it.

21.50 Mr Pernie explained the approach which the PED took when presented with
proposed regulations. He said: “We look to see the purpose and intention of any
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proposed regulations, see how they are perbaps already covered by our existing regime.
Lf they are not considered to be already covered or partially covered, then the decision
has to be taken as 1o whether it is appropriate for that particular bit of legislation 1o
apply offshore.” As a martter of general policy he would not necessarily be against
disturbing ‘““the old regime”’. This had been done in a number of cases and he expected
to do that on occasions. “But I think perhaps [ should also make it clear that we assess
the situation and put the case to the HSC, who are, if [ can so call it, the final arbiter
in that matcer and advise the Secretary of State of their view after having heard
evidence, information, views of the department.” He added later: ‘I think it is a
general view that we should not unpecessarily be amending and changing legislation.
Indeed, in that same light, there are many onshore regulations that are still not
assimilated in new regulations under the 1974 Act. Assimilation would certainly be
striven for in the case of new regulations which have no existing counterpart in the
offshore safety regime. Bur even if existing regulations were merely being amended
the PED would look into the possibility of assimilation.” Mr Priddle repeated the
point that the HSC had the right to advise the Secreiary of State of a contrary view
from that expressed by the PED.

21.51 My general conclusions in the light of this evidence are that there has been
virtually no progress towards the creation of new goal-setting regulations. Many
cxisting regulations are unduly restrictive in that they are of the type which impose
’solutions’ rather than ‘objectives‘; and are out of date in relation to technological
advances. Guidance notes are expressed, or at any rate lend themselves to interpretation,
in such a way as 1o discourage alternatives. This poses a clear danger that compliance
takes precedence over wider safety considerations; and that sound innovations are
discouraged. The PED have advised a policy - which the HSC has accepted - of
reliance mainly on the MWA. Even if it 1s accepted that structural integrity is a special
feature of what is required in the case of offshore installations and that it should not
be forgotten that unmanned jnstallations form part of the total number, there is a clear
overlap berween the field covered by the HSWA and thar covered by Section 6 of the
MWA. That section forms a basis for a number of the existing sets of regulatons,
including the Operational Safety Health and Welfare, Emergency Procedures, Life-
saving Appliances and Fire Fighting Equipment Regulations. In the result, on the one
hand the existing regulations under the MWA have stagnated; and on the other hand
the effect of the policy advised by the PED has been to distance offshore regulations
from the influence of the main stream of practice in modern regulations on health and
safety. One outstanding example of the result of this policy was the rejection in 1983
of the offshore application of the proposed CIMAH Regulations. The same point
applies whether one talks of the extension offshore of regulations which are to apply
onshore or the creation of a paralle) set of regulations which are adapred to conditions
peculiar to offshore installations.

The future regulatory approach

21.52 In this part of the chapter I shall draw together a number of matters which
have been discussed earlier and set out what I consider to be the changes which are
required in the regime in addition to those already recommended on the basis of
Chaprers 17-20.

Ensuring the adequate management of safety by all operators

21.53 The eather discussion shows thar although operators’ management of safety
is of critical importance 1o the safety of personne) on installations the present regulatory
provisions do not address it in any direct sense. They consist on the one hand of sets
of regulations which are directed to specific and limited subjects (mainly ‘hardware*)
and on the other hand rthe broad duties set our in the HSWA. Further, I am not
convinced thar under the present regime the regulatory body can monitor and support
the operators’ management of safety in more than a minor and incidental way. My
views would remain unchanged even if the Safecy Directorate were fully manned -
which is far from being the case at present.

369



21.54 It 1s also clear to me that the offshore safety regime has fallen significantly
behind the onshore regime in a number of respects in which thinking on safety matters
has advanced over the last 10 years. The respect which is most relevant at this point
is the concepr of the Safety Case. The DEn’s advice against not only the offshore
application of the proposed CIMAH Regulations bur also the facility of a Safety Case
has ser back the development of the offshore safety regime by many years. Even though
the Safety Case has proved to be more successful than could have been predicted by
the HSE its introduction was rightly regarded as a major advance in the technique of
the regulation of safety.

21.55 Accordingly in my view a number of major changes in the offshore safety
regime are long since due. These have implications both for operarors and for the
regulatory body. In previous chapters ] have recommended the introduction of a
requirement for submission of a Safety Casc for various purposes which take account
of the peculiar problems presented by offshore installations. In my view it is necessary
to go one stage further in order to ensure that operators ser out their system for the
management of safety and demonstrace that it is adhered to.

21.56 1 consider that operators should be required to set out formally the safery
management system which they have instituted for their companies and to demonsrtrate
that it is adequate for the purpose of ensuring that the design and operation of their
installations and equipment are safe. For convenience of reference in this report T will
refer 10 the safety management system as SMS. The SMS would be expected to set
out the safety objectives of the operators, the system by which those objectives were
to be achieved, the performance standards which were to be met and the means by
which adherence 1o those standards was to be monitored. The SMS would be expected
1o confain 2 full demonstration as to how safety was to be achieved in both design and
operation. Thus it would cover, inter alia, how safety was to be achieved through:-

— organisational strucrure

— management personnel standards

— rtraining, for operations and emergencies

— safety assessment

— design procedures

— procedures, for operations, maintenance, modifications and emergencies
— management of safety by contractors in respect of their work

— the involvement of the workforce (operators’ and conrractors’) in safety
— accident and incident reporting, investigation and follow-up

— monitoring and auditing of the operation of the system

— systematic re-appraisal of the system in the Jight of the experience of the operator
and industry.

21.57 It would be appropriate that this demonstration should form a leading part of
the Safety Case, for which much of the information would be required in any event
in connection with major hazards. Along with the SMS would be any safety
management system which was particular to the installation for which the Safety Case
was prepared.

21.58 I have considered carefully whether or not I should recommend that the SMS
should be set up in accordance with any particular type of system which is already in
use. At the Inquiry Dr A A Denton, giving evidence on behalf of the Institution of
Mechanical Engineers, advanced the view that operators should be required to adopt
quality management systems (QMS) techniques. This would involve the application
of QMS 10 the whole of a company’s operations of which the management of safety
formed part. Dr Denton defined quality management as all systematic actions which
were necessary to ensure that the activity is planned, organised, executed and
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mainrtained according to requirementis in, and pursuant to, laws and regulations, and
in adherence to corporate policies, requirements and specifications. QMS control what
must be done; who will do it; how it will be done; if it must be controlled by
imstructions, procedures or drawings; how the accomplishment of the task is to be
documented; who will verify that the work was completed as planned; and what
records must be kept, by whom, and for how long. QMS had 4 “prime indispensable
and indivisable components’”, namely a corporate quality manual and subsidiary
quality manuals for individual platforms; a requirement rhar the manua) be followed;
regular audits by an independent third party; and a response to deficiencies by
appropriate corrective action. Dr Denton majntained thart total quality could not be
applied to safety alone. Hence if QMS were required by regulation to apply to safery
1t would force a company to apply QMS 1o every part of its activities. I have come 1o
the conclusion that it would be going too far for me 1o recommend the imposition of
a system which would apply to all operators and across the entirety of their operations.
I take the view that the operators should have the freedom to choose the type of
system which is appropriate for them, in the light of the regime’s requirements and
their own operations. However, in the light of the evidence which I have heard I
consider that in the formulation of their SMS operaiors should draw on principles of
quality assurance similar to those contained in BS 53750 and 1SO 9000.

21.59 1 should perhaps add that as part of his evidence Dr Denton proposed on
behalf of the Institution of Mechanical Engineers that mandatory minimum standards
of technical qualifications should be established for platform staff. cf para 20.58. For
example, while accepting that the exact qualifications would depend on the size and
complexity of a platform, the OIM should be technically literate at least to Higher
National Diploma or equivalent standard and have at least 3 years offshore experience
and an understanding of the seajair environment. An operations superiniendent should
be a Chartered Engineer, process operators should be qualified to Higher Natjonal
Certificate or equivalent standard, and cach specialist maintenance trade should be led
by someone with at least Higher Nartional Diploma status. In any managing position
the occupant required both a sound theoretical understanding and relevant practical
experience, preferably offshore. UKOOA submitted that it was for the operator to
decide the appropriate manning levels for an installation and the appropriate qualifica-
vons of personnel. Technical qualifications needed to be balanced against other desired
capabilities, such as skills in man management and communications abilities. I am not
persuaded thar specifying standards of rtechnical education for the generality of
platform positions is a practical way forward, as platforms vary in size and complexity,
as do the organisational systems of operators. However the competence, including the
soundness of technical understanding, of those appointed to positions of authority is
an issue critical to the safe operarion of any platform and, while agreeing thac chis has
0 be for the decision of the operator, it should be set out for review by the regulator
as part of the operator’s SMS.

21.60 It is clearly essential that in addition there should be controls by means of
which the regulatory body can be assured that the SMS is adhered to. It is clearly
inappropriate and impracticable for the regulatory body 1o be made responsible for
auditing in detail operators’ compliauce with their SMS. Accordingly, it should be
part of the regime that operators are required to satisfy themselves by means of regular
audits that their SMS are being adhered to. On the other hand the regulatory body
should be required regularly to review operators’ audits on a selective basis; and itself
to carry out such further audits as it thinks fit; and by regular inspection verify that
the output of the SMS is sanisfactory.

21.61 Whart I have outlined in the last paragraphs involves a completely new approach
to regulation in the UKCS. It is, however, totally consistent with the HSWA and the
concept of self-regulacion. It represents in my view a logical development from the
requirement of a Safety Case for each installation. [t is true that it has no current
counterpart onshore. However, it can be scen as a further advance in the philosophy
of a safety regime. Further, the evidence has shown that the industry consists of a
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relatively small number of companies running high technology operations where there
is a strong need for a systematic approach 1o the management of safety. In any event
its introduction ofishore could have ulrimate benefits for the onshore safety regime.
The statutory assessment of the managemenrt of safety by the use of SMS offshore
parallels the work of the APAU which is undertaken by agreement with employers
onshore. In the light of evidence as to what operators are already accustomed 10 do
in the UKCS and the NCS I am confident that operators will be able to adapc to this
change in the regime. As regards the regulatory body, these and other changes will
call for expertise and resources well beyond those presently enjoyed by the DEn.

The allocation of responsibilities under the regime

21.62 1 am entirely sausfied that [ should endorse the view which the Burgoyne
Commirtce expressed rthat there should be a single regulatory body. (cf para 17.71.)
While even within 2 single body there are inevitably separations duc to differences in
expertise and function there are clearly advantages in the co-ordination of the work
of regulation. This is parrticularly important for che furure in which a greater burden
will be placed on the expertise, judgement and resources of the regulator, upon which
his confidence and that of the industry will rely.

21.63 Tt is clear to me rthat, given the introduction of a requirement for a Safery
Case, and the assocjated requirements for operators to demonstrate their SMS and
audit compliance with it, the need for certifying authorities to continue to perform
the same funcrions as before should be re-appraised. A number of parties to the
Inquiry submitted on the basis of the introduction of FSA or ‘internal control’ that
the present role of the cerrifying authorities should be brought 10 an end. For example
UKOOA supported the submission that the certificate of fitness should in future be
granted by the regulatory body on the basis of a survey and report by one of the
existing certifying authorities or any other satisfactory body, subject to the inclusion
of the operators themselves. The Contracrors’ Interest on the other hand submitted
that certifying authorities should continue to be responsible for examination of
‘hardware’; whereas the assessment of management systems should be the responsibility
of the regulatory body.

21.64 Having considered those submissions in the light of the evidence I have come
to the conclusion that it would be going too far and too fast for me to recommend
particular changes in this area. I consider that it is not advisable or practicable for me
to make a re-apprajsal. This 1s a matter which should be carried out by the regulatory
body. The other changes in the regime which I am recommending are in themselves
major and will require a substantial amount of time and resources to plan, organise
and implement. Their exact formulation is bevond the scope of a public inquiry. At
present it is impossible to foresee all the considerations which may be of relevance
and imporrance at these future stages. In these circumstances 1 consider that my best
course 1s to recommend that the regulatory bodv should consider (i) after the
introduction of requirements for demonstration of SMS and auditing of compliance
with it; and (ii) after experience in the operation and effectiveness of such requirements
whether and to what extent it will be appropriate to retain the present system of
cernfication.

21.65 It remains for me to consider the position of the DoT. As will be seen from
Chaprer 19 I am strongly of the view that an integrated approach should be taken to
fire protection so that both active and passive are considered together. To some extent
this will be achieved through the Safety Case. 1 have, however, recommended that
new rcgulations and guidance notes should promote such an integrated approach. In
these circumstances it will be even more inappropriate than it is at present that
different bodies should be concerned with separate consideration of active and passive
fire protection. The ideal solution would be if these matters were considered wholly
by the single regulatory body itself. This is of course complicated by the existence of
the certification system. However as a first step I would advise that the regulatory

372



body should assume direct responsibility for the funcrions which are presently
discharged by the DoT. Further, 1 cannot see any sound reason for not adopting the
same approach in regard to life-saving appliances.

21.66 As 1 am strongly in favour of a single regulatory body I consider that that
body should discharge the regulatory functions in regard to standby vessels whether
directly or through the agency of the DoT, save those which relare to the statutory
responsibility of the DoT under the Merchant Shipping Acts.

Regulations and guidance

21.67 1 am entirely satisfied that the principal regulations in regard to offshore safery
should take rthe form of requiring that stated objectives are to be mert rather than
prescribing that detailed measures are to be taken. In relarion 1o such regularions
guidance notes should give non-mandatory advice on one or more methods of achieving
such objectives without prescribing any particular method as a minimum or as the
measure to be taken in default of an acceptable alternative. On these points I endorse
the recommendations of the Burgoyne Committee at 6.15 and 6.17. However, I accept
thar there will be a continuing need for some reguiations which prescribe detailed
measures,

21.68 In connection with the proper development of offshore regulations it is in my
view appropriate and necessary that the parts of the MWA and PSPA which have the
same general purposes as those of Part 1 of the HSWA and any regulations made
under those provisions should be made relevant statutory provisions for the purposes
of the HSWA. The exacrt identification of the provisions in question is a matter which
should be left to the regulatory body.

21.69 The replacement of the present sets of regulations with goal-serting regulations
will obviously take some considerable time to execute. The regulatory body will have
to decide what place this should occupy in the order of priorities, having regard to
other major changes. There is clearly room for rationalisation of regulations, particularly
having regard to the shape of the furture regime. With those considerations in mind I
consider that an appropriate form of replacement for the Construction and Survey
Regulations, the Fire Fightung Equipment Regulations, the Life-saving Appliances
Regulations and the Emergency Procedures Regulations would be:-

(1)  Construction Regulations, covering inter alta the structure and layout of the
installation and 1ts accommodation.

(11) Plant and Equipment Reguladons, covering inter alia plant and equipment on
the installation and in particular those handling hydrocarbons.

(1) Fire and Explosion Protection Regulations, covering inter alia both active and
passive fire protection and explosion protection, and

(iv) Evacuartion, Escape and Rescue Regulations, covering inter alia emergency
procedures, life-saving appliances, evacuation, escape and rescue.

The text of Chapters 19 and 20 provides a number of examples of regulations which
it would be appropriate to incorporate in these sets of regulations.

21.70 Operarors should be encouraged to specify standards to be used by the company
with a view to demonstranng compliance with goal-setting regulations. Thus in the
case of a given installation operators may demonstrate compliance by reference to such
standards, the terms of guidance notes and whar is shown by a safety assessment or a
combination of one or more of such methods.

21.71 Asregards existing guidance notes the regulatory body should consider whether
and to what extent they should be treated without replacement or modification as
giving non-mandatory advice in the sense set out in para 21.67; and should inform
the industry accordingly.
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21.72  Inthe light of representations made at the Inquiry by the contraciors’ interests
I would also advise that in connection wirth the preparation of guidance notes the
regulatory body should review the procedures for consuttanon so as to ensure that the
views of representatives of employers and employees involved in work offshore are
adequately taken into account.

Involvement of the workforce

21.73 1In para 18.48 | referred 1o the involvement of the workforce as an important
means of developing and maintaining an attitude to safety which is conducive to the
prevention of accidents which may have harmful consequences. In para 21.56 1
indicated chat the operators’ SMS, which is directed 1o demonstrating how safety is
to be achieved, should include the way in which the total workforce is involved to that
end.

21.74 Under the present regime, both onshore and offshore, specific requirements
have been laid down for the appointment and functions of safety representatives of
the workforce. At the Inquiry there was a clear controversy, which I will deal with
below, as to the form which the requirements in the offshore safety regime should
take. However, the need for such requirements, whatever form they rake, would not,
in my view, be affected by the implementation of the recommendations which 1 have
made so far in this report. The representarion of the workforce in regard to safery
matters is important not merely for whart it achieves on installations but also for the
effect which it has on the morale of the workforce - in showing that their views are
raken into account and that they are making a worthwhile contriburion to their own
safecy. For this purpose it is clearly advisable to have staturory provisions which are
well known, universally applied in similar circumstances and effective in operation.

Safety representatives and safely commnittees in the onshore safety regtme

21.75 Under Sec 2 of the HSWA regulanions may provide for the appointment by
“recogniscd trade unions™ of safery representatives whom the employer is bound to
consult in regard 1o arrangements for co-operation in the promorion and development
of measures to ensure health and safety at work and in the checking of the effectiveness
of such measures. The employer may be required to establish a safety committee
which has the funcrion of keeping under review the measures taken to ensure the
health and safety at work of his employees and such other functions as may be
prescribed. So far as the onshore safety regime i1s concerned these provisions were
implemented by the making of the Safety Representatives and Safety Commirctees
Regulations 1977, which confer various funcrions on safety representatives including
the making of investigations, inspections and representations. A ‘“‘recognised trade
union”’, which had the sole power 10 appoint safety representatives, meant an
independent trade union which the employer concerned recognised for the purposes
of negotiarions relaring to or connected wirh one or more of a number of specified
matters - such as the rerms and conditions of employment, or the physical conditions
in which any workers are required 1o work; the allocation of work or the duties of
employment as between workers or groups of workers; and facilities for officials of
trade unions. Since 1977 there has been a growth in the extent to which trade unions
have been “recognised”. Mr Rimingion said that safety representatives could play a
valuable part in the promotion of safety and in relation to inspections. For those who
were appointed safery representatives it was a very great strength thar they were
appointed by the unions. ‘“The unions train rhem in quite a sophisticated way. They
have the means of purting a grear deal of power at the elbow of safety representatives
where they care to do s0.”” Where a union was weakly organised or not very strongly
represented the usefulness of the safety representatives might be somewhat impaired.

Safery representatives and safety commitiees in the offshore safety regime

21.76 Although Sec 2 of the HSWA applied to the UKCS from 1977 the 1977
Regulations were not applied offshore. Diametrically opposed views were held by the
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trade unions and UKOOA. The latter objected to the offshore application of the 1977
Regulations on the ground that there were very few installations where there was a
“recognised trade union”. The Burgoyne Committee supported the view that on each
installation there should be a safety committee which was representative of the
workforce, including contractors’ personnel, but did not consider it essential to embody
this in regulations (6.50 and 5.97). However, 2 members of the committee, Mr R
Lyons, then National Officer of ASTMS and Mr J Miller, then National Officer of
the T & GWU dissented strongly on the latter point, urging that the 1977 Regulations
be extended offshore forthwith.

21.77 In the event after years of discussion the DEn in 1987 were able to achieve a
measure of general acceptance which led to the making of the Offshore Installations
(Safety Representatives and Safety Committees) Regulations 1989. These were made
under the provisions of the MWA and provide thar the workforce is to be entitled to
elect safety representatives and rhar where these have been ¢lected a safety committee
is to be established. This was clearly a step forward and an attempt to deal with a real
problem. It still left as the bone of contention whether safety represenratives should
be appointed by trade unions, as was the case onshore.

The trade untons’ evidence

21.78 The attitude of the trade unions on the matter of safery representarives was
one of the principal subjects of the evidence given by Mr Lyons, since 1987 the
Assistant General Secretary of ASTMS and latterly of MSF; Mr F Higgs, National
Secretary of the Chemical, Oil and Rubber Group, T & GWU; and Mr A W T
Cunningham, Occupational Health and Safetv Officer, EETPU. Mr Lyons said that
MSF had over 4000 paying members and represented in total abour 6000 employees
in North Sea activities. MSF members worked for both operators and contractors and
performed a variety of jobs. According to the evidence of Mr Higgs T & GWU had
about 3000 members offshore.

21.79 It was clear that the background to the evidence of these witnesses was a long-
standing frustration as to the limited extent to which trade unions had been
“recognised’’ offshore; whereas the unions had been recognised by many of the
operating companies in relation to their operations onshore. As Mr Lyons put it
“There is a large trade union influence offshore. It has not got an adequaie
machinery through which it can be expressed.” He complained that a memorandum of
underscanding as to the procedure for achieving recognition had not been adhered to
or enforced. There were members of MSF on every platform in the North Sea, he
thought; and there was a majority membership of MSF alone on quite a few of the
platforms where no ballots as to recognition had been agreed. “In many of the
platforms we have got 100%, membership.”” The Inter-Union Off-shore Oil Committee
(IUOOC) had been formed in order to eliminate inter-union disputes over representa-
tion offshore. On behalf of the JUOOC he had entered into a recognition agreement
in 1978 with the Phillips Petroleum Company in regard to platforms in the Hewett
field, the effect of which was that the 1977 Regulations should be treated as if they
applied offshore. He said that this had led to an improvement in practices and an
increase in confidence. It was hoped to extend that agreement to the Maureen field.
MSF had also made many agreements with Shell on behalf of Shell Exxon which were
supported by ballots of the workforce. MSF was the only trade union which held such
agreements. However in each instance the agreement excluded health and safety. He
claimed that there was no other country in the world in which there was a practice
whereby a trade union which had been recognised by the employer was excluded from
discussing health and safety.

21.80 Mr Lyons castigated the 1989 Regulations as contrary to the spirit of the
HSWA. Withour the offshore extension of the 1977 Regulations it was nonsense to
say that the HSWA fully applied offshore. The 1977 Regulations had the advantage
that safety representatives appointed by trade unions would have the back-up and
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facilities which a trade union is able 1o provide, including training and advice on health
and safety issues. Unions held regular training schools at which a wide range of health
and safety issues were discussed. These took place at regional, national and international
levels. If a safety representative had difficulty in performing his or her function there
was somebody for him or her to go 1o in order to get assistance. “For a safety
representative to be effective he requires a supportive culture, structure, credibility,
advice, training and recognition of the concribution that he can make on safety issues.”
For a number of years Shell had had a safety committee system which was similar to
that provided for under the 1989 Regulations. However, despite the efforts of MSF
the workforce were reluctant to stand or be represented. Where the trade union
appointed the safety representatives “training and advice can be given openly without
any ‘fear factor’ which unfortunately permeates the UK sector of the North Sea among
the workforce. Workers do not want to put their continued employment in jeopardy
through raising a safety issue that might be seen as embarrassing to management.” As
an example he said that contractors’ employees suffer parcicularly from the “not-
required-back” phenomenon. When asked whether a safety commirtee elected by the
whole workforce might be seen to be more representative than one which was restricted
to members of trade unions he said: “The quality of rhat committee bears no
relationship to a trade union-based safety committee, and that i1s best borne out by
looking at Shell onshore, where the committees do not cover all employees burt are
extremely positive in health and safety.” The 1989 Regulations were perceived as
favouring the operators. This was seen as part of the evidence of a conflict of interest
which led to trade unions favouring the replacement of the DEn with the HSE as the
regulatory body, as he and Mr Miller had also advocated in their dissent from the
report of the Burgoyne Committee.

The submissions of UKOQOOA

21.81 UKOOA opposed the application offshore of the 1977 Regulations. It would
have only a limited scope for operation in view of the limired extent to which there
were “‘recognised trade unions’’. The 1989 Regulations were adequate. They did not
prevent a trade union member becoming a safety representative and having trade
union support. There was no suggestion that trade union members were more
concerned than ochers with matters of safety. Where trade unions represented a
minority of the workforce, if they were able to appoint the safety representatives they
might effectively disenfranchise non-union members: or even union members who
might wish to have a different representative.

Safety delegates in the Norwegian offshore safety regime

21.82 In rthis regime it appears that rrade unions receive automatic recognition. The
extent of union membership has grown over the years. The regime provides for the
appointment of safety delegates upon whom a number of important powers are
conferred, including the right to halt dangerous work. Mr Ognedal considered that
union back-up could be beneficial to the work of safery delegates. However, they are
elected by the whole workforce, rather than being appointed by the unions.

Observations

21.83 My remirt does nor extend to matters of industrial relations, whether or not
the point art issue is a controversial one, as it is in the case of the ofishore workforce.
Accordingly 1 am not concerned with the merits of the recognition of trade unions
offshore or with the means by which support for such recognition should be ascertained.
I have to concern myself with the question of safety, and in doing so take account of
the existing situation in the North Sea.

21.84 In the light of the evidence which T have heard, which admittedly came almost

entirely from rrade union witnesses, I am prepared to accept that the appoinumnent of
offshore safety representatives by trade unions could be of some benefit in making the
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work of safety representatives and safety committees effective, mainly through the
credibility and resistance to pressures which trade union backing would provide.

21.85 However, the position offshore is complicated by a number of factors: trade
union membership is still relatively limited in relation to the total offshore workforce;
trade unions have been “‘recognised’ only to a limited extent; and the employment of
offshore workers is fragmented between a number of different employers, with a high
proportion being employed by contractors. As matters stang it does not seem to me
to be appropriate to replace the 1989 Regulations with the offshore extension of the
1977 Regulations. This would remove safety representatives from a very large part of
the workforce and would undo the limited progress which was achieved in difficult
circumstances by the making of the 1989 Regulations. Further those regulations have
been in force for only a short period. Experience will show whether or not representa-
tives elected under those regulations lack adeguate credibility or resistance to pressures.
In the meantime [ consider that it would be inappropriate for me 1o recommend any
change in the method by which safety representatives are chosen. I understand that
the regulatory body intends to review the 1989 Regulations after 2 years’ experience
of their working. When carrying ourt that review the regulatory body may consider
that there is room for improving the effectiveness of safety representatives; and putting
the trade unions’ contentions to the test for that purpose. For example, it may consider
that it 1s appropriate to modify the existing scheme so as to require that safery
representatives are appointed by trade unions in certain cases, such as where a 1rade
union had achieved recognition in relation o a substantial aspect of labour relations
and had a substantial membership on the installation in question.

21.86 For the present [ am satisfied that it is appropriate that the type of protection
provided in the case of trade union activities under Sec 58(1)(b) of the Employment
Protection (Consolidation) Act 1978 should also be afforded to the activities of an
employee as a safety representarive. The Trade Union Group also submitted that
intimidation and the breaking of a contract should become a criminal offence where
it was directed against the raising or pursuing of a complaint relating to health and
safety. As regards any wider measures I consider that the correct course in the first
instance 1s to look to the safety representative as the channel through whom complaints
in regard to health and safety should be expressed. I am also aware of the efforts which
the Secretary of State for Energy and UKOOA have made in order 1o demonsirate
that victimisation is not to be tolerated and that the reporting of incidents affecting
safety is to be encouraged.

21.87 The Trade Union Group and other parties made a number of specific criticisms
of the 1989 Regulations. Since these regulations have only recently been introduced
I do not in general think that it is appropriate for me to recommend alterations.
However, there 1s one exception to that. Reg 27 provides that it is to be the duty of
the employer of a safety representative to ensure that he is provided with such training
in aspects of the function of a safety representative as may be reasonable in zll the
circumstances and that the employer is to meet any reasonable costs associated with
such training including travel and subsistence costs. In the light of the evidence |
consider that the burden of providing the training and bearing its cost should fall not
on the employer bur on the operator of the installation where the safety representative
serves. The operator has a knowledge and a responsibility for safety on an installation
which is far wider than that of contractors working on it. In the case of smaller
contractors who may have few personnel working on an jnstallation they may, as Mr
Lyons suggested, have great difficulty in providing training for any of their employees
who may be elected as a safety representative. [t 1s extremely important that the safety
committee should include an adequate representation of contractors’ employees.
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Chapter 22
The Regulatory Body

Introduction

22,1 In this chapter 1 will give my views as to the body which should be the
regulatory body for the future offshore safety regime.

22.2 This involves considering a question which was studied by the Burgoyne
Committee who reached the conclusion that the DEn was capable of discharging the
responsibility of a single government agency for offshore safety, provided thar it was
suitably strengthened and sought advice from other bodies on matters of common
concern (6.6). Since 1980 this matter has not been reviewed. There have been important
developments in regulatory techniques in both onshore and offshore regimes. There
has been direct experience of the capabilities and approach of the DEn and the HSE.
The mdustry is on the threshold of what ont any view are major changes which have
important implications for the qualities required of the regulatory body. In the light
of these considerations and the evidence which I heard in Part 1 of the Inquiry I
considered that it was appropriate that this question should be considered in Part 2.

22.3 It is right that 1 should emphasise at this point that the proper context for the
question is the furure offshore safety regime. Much of the evidence and submissions
were concerned with what was said to be past failures or successes on the part of the
DEn and the HSE. However, these are relevant only in so far as they throw light on
the appropriate choice for the future. Further that choice should take into consideration
the implications of change at this stage in the history of the offshore safety regime.

The reasons for the conclusions of the Burgoyne Committee

22.4 Tt is clear that the committee attached significance to the differences between
the offshore industry and the rest of industry in the United Kingdom, particularly in
respect of the differences in environment and the remoteness of operation. There was
need for special treatment which called for “flexibility of approach, speed of reaction
and individual treatment of each case” in dealing with the problems of the offshore
industry. They said that speed of response and flexibility of approach were more likely
from an organisation with only one industry whose safety matters were its concern
(4.16-18). General satisfaction had been expressed with the way in which the PED
had approached its task. This was attributed to the selection of well qualified and
experienced personnel. The DEn (and its predecessors) had grown up with the ofishore
industry and was in the best position to understand it and its problems (4.13~15),

22.5 On the other hand there had been criticism of the HSE’s involvemerirt in offshore
safety, apparently due to its “Jack of expertise’ in certain areas such as deep diving,
peiroleum engineering and structural engineering in a marine environment. The
assimilation of the offshore inspectorate into the HSE would take some time to be
achieved (4.13-14). An organisarion with responsibility for the majority of industrial
safety would tend to show greater rigidsty and a slower response (4.18).

22.6 On the footing that the DEn was the chosen agency “it is unthinkable that DEn
would ignore advice on genera!l trends and practices onshore in formulating offshore
safety policy” (4.11).

22.7 As noted earlier two members of the committee, Mr Lyons and Mr Miller,
dissented, essentially on the ground that a government department which was
substantially responsible for the direction and control of an industry should noc in
any way be responsible for the standards and enforcement of occupational health and
safety in that industry.
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The alternatives

22.8 1 am in no doubt that as matters stand the choice lies between the DEn on the
one hand and the HSE on the other, on the basis that in either case the body is suitably
strengthened for the task ahead. | heard derailed closing submissions in regard to that
choice. The Trade Union Group and the Piper Disaster Group submirted that the
HSE should replace the DEn as the regulatory body. UKOOA made submissions as
to the qualities which should be possessed by the regulatory body. It ““should be a
single authority which has appropriate competence and expertise”’. However UKOOA
were neutral as 1o which body I should recommend. It may be noted thart at the time
of the Burgoyne Committee UKOOA supported the DEn as the regulatory body. The
Contracrors’ Inrterests favoured the retention of the status guo. The DEn did not itself
enter into this controversy but their counsel assisted me greatly by acting as amicus
curige at my request and set out full arguments against the proposal for replacement
of the¢ DEn by the HSE.

22.9 In whar follows I will set out what I have derived from the evidence as to the
nature and capabilities of each body; and as to the way in which each has approached
the development and enforcement of regulatory control.

The Department of Energy

22.10 The DEn is in the position, which the Burgoyne Commirtteee considered 1o
be of some significance, of being able to concentrate on the offshore industry which,
has many special features. As one would expect the department has acquired a great
deal of knowledge of the industry. It is regularly in contact with bodies which represent
operators, contractors and the workforce. These bodies are consulted in regard to
proposed legislation and participate in the discussion of future guidance and research.

22.11 On the other hand the comparatively small size of the Safety Directorate means
that the prospects for promotion of its personnel are limited. This may well be a factor
which has tended to affect recruitment and retention of personnel. It is clear from the
evidence to which I have referred in Chapters 15 and 21 that in a number of arcas the
work of the Safety Directorate has been hampered by persistent under-manning. The
problem does not seem 10 be due, at Jeast in recent umes, to a shortage of financial
resources but to a difficulty in recruiting. Although I have noted the initiatives which
are being taken, it seems unlikely thar this chronic problem will be readily solved.

22.12 The comparatively small size of the Safety Directorate appears also to have
been a factor restricting the scope of the in-house expertise which it could employ,
with the result that it placed more reliance on the work of consultants and other bodies
such as the HSE than it would have done if it were part of a larger body with greater
shared resources. At the same time I should say that it was brought out clearly in
evidence that the HSE is always ready to provide assistance to the Safety Directorate.
The limitations on the Safety Directorate’s own expertise have a practical significance,
and particularly for the future. Three points may be mentioned. Firstly, I accept Mr
Ferrow’s comment that the inspectorate “do not seem to have such direct and
straightforward access to all the areas of expertise that they might want”. Secondly,
these limitations are likely to affect the ability of the regulatory body to give prompt
and authoritative responses. The Directorate appears to be short of in-house expertise
in fire and explosion protection. I noted that Mr Brandie suggested that the apparent
reluctance of the DEn (o support a scenario-based approach to the design of fire
protection stemmed from a shortage of expertise to assess such design. If goal-setting
regulations are to be brought int existence there would require to be an entirely
different level of expertise from the present. Thirdly, the present intention of the
Safety Directorate is to rely on certifying authorities for the assessment of the hardware
aspects of FSA; and as regards the assessment of management the directorate is clearly
short of the required expertise (see para 21.22).
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22.13 It was strongly represented by trade union witnesses, in line with the dissent
from the report of the Burgoyne Commitiee, that the Safety Directorate lacked, or at
any rate was perceived to lack, independence. Pur another way, it was suggested that
there was a conflict of interest between the objectives of the Safety Directorate on the
one hand and the objectives of other parts of the DEn on the other. However, it was
pointed ourt in response that in Norway a single body, the NPD; is in control of both
exploitation of resources and of safety; although it was responsible 1o different
Ministries in regard to those functions. It was also pointed out that in the case of the
United Kingdom the PED had two reporting lines. One was to the Secretary of State
for Energy, who was in turn responsible to Parliament. There is a clear Ministerial
commitment to safety and the Safety Directorate exercise direct access to Ministers
as occasion arises. The other was to the HSC, in accotdance with the arrangements
set up by the Government in the light of the views of the members of the Burgoyne
Committee.

The DEn’s approach to the development of regulatory control

22.14 I have already discussed in Chapter 21 the DEn’s lack of progress on goal-
setting regulations, the unduly restrictive nature of existing regulations and guidance
notes and the restricted use of the HSWA for regulations (summarised at para 21.51).
This does not show the “‘speed of response and flexibility of approach’ which the
Burgoyne Committee considered that the DEn were more likely to exhibit.

22.15 At para 17.22 I commented thart prior to the disaster the DEn does nor appear
to have addressed the major hazards presented by hydrocarbon inventories. This is
further illustrated by the hjstory of its attitude to the CIMAH Regulations and the
mcroduction of FSA. In October 1983 the HSE asked the DEn whether the
requirements of the proposed CIMAH Regulations for the provision of a Safety Case
and emergency plans would be appropriate for offshore situations. In reply Mr Petrie,
as Head of Operations and Safety, in a letter dated 24 November 1983 stated thar it
was considered that existing legislation under the MWA already covered the proposed
requirements. He went on: “Furthermore this department has policy initiation
responsibility for al} offshore oil and gas safety matters and advises the HSC on such
policy matters. It is our intenrtion to advise the HSC against any extension of onshore
major hazard legislation to ofIshore installations, where rhe legal and practical
provisions are considered satisfactory and are already far in advance of these
contemplated by HSE.” This was at a time when the Burgoyne Committee had
already recommended that the DEn should encourage a systematic approach to safety
assessments of structures and plant during design and construction, with the purpose
of establishing agreed procedures (6.27); and when in the NCS risk evaluation on a
quantitative basis was already required.

22.16 Questioned as to what was “‘already far in advance” Mr Petrie said thar these
words had been justified by the existence since 1975 of the Construction and Survey
Regulations. He said that although certifying authorities did not deal with safecy
assessment as such they dealt with design and construction in accordance with codes.
He also referred to a number of miscellaneous requirements of other offshore
regularions, and said: “We know what the hazard is only too well with significant
amounts of hydrocarbons offshore, so that, together with many other regulations that
apply offshore, we broadly felt that the objective of the regulation was already in place,
including the general requirement, under the general aegis of the HSWA, for employers
to ensure that they have a safe place of work.” However, in my view, the problem of
major hazards is not one which can be dealt with simply by following codes; and the
miscellaneous requirements were not components of a system which was intended to
be able to handle such hazards. Mr Petrie did not appear to have realised from the
CIMAH Regulations that the preparation of a Safety Case was valuable in imposing
a discipline on manufacturers to show thar they had identified the major hazards and
creared appropriate controls, although this was part of the background to the regulations
and is explicitly set out in the guidance notes which relate to them. He did not appear
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to be certain whether it had been realised that management systems were an important
element in the CIMAH Safety Case. He admirtted that he had not kept up with the
development of the Safety Case under the CIMAH Regulations.

22,17 The proposition that ihe offshore provisions were ‘“far in advance” is at odds
with the DEn’s discussion document on FSA, work on which began in 1987. This
stated, 1nter alia: “For some ume the Safery Directorate has been concerned that
reliance on good engineering practice, the application of approved standards and the
certification and inspection regimes do not of themseJves comprehensively identify
and highlight the hazards and sequences of events thart can lead to a major accident.”;
and referred to FSA as embracing ““the whole spectrum of safety analysis techniques
that can be brought together in a structured framework to make a major step forward
in enhancing the overall safety of offshore installations.”” As I have already observed
at para 17.26, the document makes no reference to the CIMAH Regulatons.

22.18 The evidence demonstrates, in my view, a serious failure on the part of the
DEn 1o address the regulatory requirements for dealing with the major hazards,
whether they arose from collisions or from a failure )n pressure systems or In some
other way. The result, as I said in para 21.54, has been to set back the development
of the offshore safety regime by many years. The DEn’s attitude appears 1o have been
based in part on a failure to realise that the existing offshore provisions were not
enougl; and in part on a failure to understand the CIMAH Regulations and the Safery
Case - a failure which, ac least in the case of Mr Petric, persisted throughoat his
evidence.

22.19 Inabourt 1985 the DEn advised against the offshore application of the COSHH
Regulations on the basis that the provisions of the Operational Safety, Health and
Welfare Regulations were adequate. The COSHH Regulations represcnted a major
change onshore, described by Mr Rimington as the most important reform for 13
vears. Their basic aim was to ensure that where employees might be exposed to toxic
substances there should be formal procedures to ensure thar their exposure was
minimised and was in any case kept below the maximum exposure level. Mr Petrie
said that probably the main offshore provision which was relevant was Reg 4 of the
Operationa) Safety, Health and Welfare Regulations, but it is clear that there is no
true similarity between them. There was no evidence that the COSHH Regulations
were unsuitable for offshore application; and indeed Mr McKee gave evidence that
Conoco (UK) Ltd had unilaterally applied them to their installations.

22.20 The approach of the DEn seemed to me 0 tend towards over-conservatism,
insularity and a Jack of ability to look at the regime and themselves in a critical way.
From this certain pracncal results have followed; the introduction of improvements
in safety has been hampered; and the development of legislation on the basis of the
HSWA has been kept back.

22.21 It does not appear 1o be perceived by the DEn that a radical change of approach
is already due. Nothing appears 1o have been learnt from the experience of the NPD
with which the DEn were in regular contact. Despite arrangements which should have
enabled the DEn 10 obtain a wider view of modern approaches to the regulation of
industrial safety, such as their relationship with the HSC, their work on the OIAC
and their opportunities for exchange of ideas and personnel with the HSE, the offshore
approach to the management of safety seems to me to be a number of vears behind
the approach onshore.

The DEn’s approach to enforcement of regulatory control

22.22 1 have already commented in Chapters 15 and 21 on the type of inspection
practised by the DEn; and the absence of any systematic approach to the scrutiny of
systems for the management of safety. Their approach appeared to me to be art least
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in origin mainly reactive; moves towards a more pro-active approach appear 1o have
been slow and tentative. Here again my remarks in para 22.21 apply.

The Health and Safety Executive

22.23 The HSE encompasses responsibility in regard to both general and specialised
industry onshore. It represents the principal source of safety expertise in the United
Kingdom. While it employs consultants in many areas it clearly regards in-house
expertise as essential. This expertise includes the fields of major hazards, safety
assessment and the assessment of management systems. Mr Ferrow described the
HSE as being ““a fairly comprehensive and diverse organisation that allows individual
inspectors in the field relatively quickly to get very expert advice on almost any marter
you can think of™’.

22.24 The HSE has, of course, no current expertise or experience in regard to
offshore installations. However, while the environment and remoteness of offshore
installations are unlike anything onshore, the nature of the operations carried on
offshore are no more complex than what may be encountered onshore. Further, as ]
have already indicated in Chapter 17 | see no reason why the onshore approach to
major hazards and safety assessment should not, mutaris murandis, be capable of
extension o the offshore. In passing I should note that Mr Rimington, when asked
to comment on the HSE’s “lack of expertise’ (see para 22.5), pointed out that the
HSE had had no involvement with offshore engineering and would not have questioned
the expertise of the DEn in regard to deep diving.

22.25 The HSE has not been withour difficulties in achieving adequate recruiunent.
In regard to specialist inspectors Mr Rimingron said that following the Chernobyl
disaster there had to be a substantial pay rise in order to recruit additional nuclear
inspectors. There was a current difficulty in retaining specialist inspectors in the
Technology Division but the HSE was acting on advice which had been obrained in
order to deal with this. A result of the HSE being the principal source of expertise
was the ‘poaching’ of experts by industry. He was heartened by the fact that for 3
successive years the Government had given the HSC their full bid for financial
provision.

22.26 It is clear that the HSE has always encouraged upward mobility among its
personnel. It has recently elaborated a strategy for the development of careers in its
organisation. This has also benefited recruicment and the retention of personnel. Mr
Rimington said that inspectors were transferred into the specialist inspectorate from
other parts of the HSE if they were suitably qualified. ““So certainly we have transferred
people, and more particular)y ideas, from one part of the executive to another.”

22.27 Mr Rimington said that the HSE’s ‘clout’ with industry was in part due to its
independence and in part to the fact that both sides of industry were represented on
the HSC and in the working groups with which the HSE was closely involved.

The HSE’s approach to the development of regulatory control

22.28 As ] have stated in para 16.36 the HSE has made substantial progress with
the modernisation of existing onshore legislation relating to health and safety. Progress
has necessarily been slow owing to the need to formulate a new style of regulations
for industry ac large or for cases in which a special regime was required; and owing
1o the need to carry out consultation with a view to arriving at a consensus. Latterly
the speed of development of legislation has been increased. HSE has plainly built up
a strong body of knowledge and experience in the formulation of legislation which
fulfils the policy of the HSWA and make major advances in techniques for the
regulation of safety.
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The HSE’s approach to enforcement of regulatory control

22.29 While one of the ways in which the HSE seeks to enforce a regulatory control
1s by inspection there appear to me t be significant differences in its approach to
inspection compared wich that of the DEn. It will be recalled that in para 16.37 1
referred to the evidence of Mr Rimington that “an inspector’s immediate purpose in
visiting is to satisfy her or himself that systems exist that are likely to Jead to the
identification and prevention by management of significant faults and that the attitude
of management js conducive to this.”” At para 21.24 I referred to the HSE’s insistence
on evidence of the monitoring of safery. This demonstrated a greater attention to the
systems by which accidents can be prevented and mitigated. This effort is suppoerted
by the work of the APAU (see paras 16.39 and 21.61).

22.30 It was also clear from rhe evidence that the HSE have given a higher profile
to the subject of safery both wich the public and with industry. Plans and details of
performance are published. My Rimingion said: “If safety i1s cost effective, then in
my view a high profile for it is cost effective.”

Implications of change

22.31 In regard 1o the HSE, in view of its lack of existing expertise and experience
in the offshore induscry Mr Rimington was circumspect when commenting on the
proposition that the HSE should become the regulatory body offshore - a change
which had not been sought either by that body or the HSC. He emphasised the
distinctive culrure of the offshore industry and the importance that the regulated had
confidence in the regulator. Such a change would call for flexibility and understanding
on both sides. He pointed out the difficulties involved in organisational distribution
and the care which would require to be taken to make sure that changes in the
legislation occurred at no greater speed than they could be adapied to. On the other
hand I am sausfied that there is no incompatibility between the offshore safety regime
and the principles on which the onshore safety regime is presently organised. This
includes rthe ceruification system which has no exact counterpart onshore. Further I
have no doubt that the HSE has the necessary basic expertise for assuming responsibility
offshore, although it 1s obvious that the HSE could not be expected to proceed without
the assistance of PED inspectors and their accumulated knowledge and experience of
the offshore industry. T should also point out that, as between these two bodies, I
consider that the HSE would have the capacity to cope with the major management
workload involved in the assumption of responsibility for ofIshore safety along with
the other major changes which 1 have recommended for the future regime.

22.32 The transfer of responsibility to the HSE would bring to an end the agency
agreement the opecration of which has, in my view, a number of features which are
not entirely satisfactory. Under that agreement the HSC as principal has no say in the
quality or efficiency of the work of the DEn in regard to marters which fall within
that agreement. In para 21.49 1 pointed out Mr Rimington’s comments on the difficulry
of determining how far the HSC or the HSE were enttled to form judgements of
PED’s effectiveness. Finally this should assist i bringing to an end the tension
berween the MWA and the HSWA in the offshore safety regime.

22.33 Inregard to the PED Mr Priddle pointed out thar the transfer of responsibility
from the PED to the HSE seemed likely to include some constraint on the free flow
of information and some duplication of resources as between the Safety Directorate
and other petroleum specialists in the PED. He thought that there would be some loss
of career development opportunities and management flexibility.

Conclusion

22.34 1 have considered carefully the factors which I have attemprted to set out in
the preceding paragraphs. I have come to the conclusion that the balance of advantage
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in the interests of the future offshore safety regime lies in favour of the transfer of
responsibilities from the PED to the HSE. The decisive considerations in my mind
arise from considering the differences in approach between these two bodies to the
development and enforcement of regulatory control. These differences have been plain
for some vears and flow from differences in the way in which the bodies are directed
and managed. | am confident that the major changes which I have recommended are
ones which are in line with the philosophy which the HSE has followed. This
alternative 15 clearly preferable to the PED even if it was given a higher level of
manning with greater in-house expertise. I also aitach importance 1o the benefits of
integrating the work of the offshore safety regulator with the specialist functions of
the HSE. :

22.35 1 am conscious that the change which I have recommended will take some
time to implement and will inevitably ipvolve disruption. Successful implementartion
will call for co-operation, flexibility and understanding at all levels between the
industry and the existing and future regulatory bodies. Special treatment will be
required in regard to certain functions which are presently discharged by the Safety
Directorate. These include the planning, as distinct from the safety, functions in
regard to offshore pipelines; and the function of administering well consents. It is
appropriate that these functions should be rerained by the DEn.

22.36 As regards the flow of information between specialists in the PED, I noted
earjier that the Safety Directorate 1s consulted about and can express reservations on
safety grounds in regard to important stages in the licensing process (see para 16.18).
It is clear that in order to do this effectively they must be involved in and aware of
the discussions between specialists in the EADU and operators in regard to both
exploration and development. 1t is of major importance, in my view, that such links
between the EADU and the regulatory body for safety be maintained in the transfer
of responsibility for safety to the HSE.

22.37 While offshore safery stands to benefit by responsibility being transferred to
the HSE it js important that the distinctive character and requirements of the offshore
industry should be recognised in the administrative arrangements within the HSE.
For this reason it is also my view that responsibility for offshore safety should be
discharged by a discrete division of the HSE which is exclusively devoted 1o offshore
safety and 1s able to respond promptly and authoritatively to its special needs. This
division should employ a specialist inspectorate and should have a clear identity and
strong influence in the HSE. It should be headed by a chief executive who should be
responsible directly to the Director General of the HSE and should be a member of
its senior management board. His funcrion would include the development of the
offshore safety regime, and in particular the implementation of its provisions for Safety
Cases and SMS. The need for adequate resources in order to meet these changes is
obvious.

22.38 In these circumsrtances there is little which I require to say in regard to the
complaint that the Safety Directorate is not independent or perceived to be independent
and accordingly is not wel) fitted to carry out cthe functions of the regulatory body in
regard to safety matters. On the evidence I was not convinced that the Safety
Directorate acrually lacks independence or that its actions had been affected by
considerations related to the exploitation of resources. On the other hand there is a
perception, at least among some trade unionists, that it lacks independence. This is
an unfortunate fearture of the present scene. However, if my recommendations in this
chapter are followed it will no longer be a live 1ssue.
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Chapter 23
Recommendations

In this chapter I will set out my recommendations in the light of the matters discussed
in Chapters 17-22. Each recommendation is followed by reference to the paragraph
in the earlier chaprer to which it is directly relared. The recommendations are arranged
according to the following subjects:-

Subject Recommendations
Safety Case 1-13
Auditing of the operator’s management of safety 14-15
Independent assessment and surveys of installations 16
Legislation - General 17-22
The regulatory body 23-26
Safety committees and safety representatives 27-31
Permits to work 32-38
Incident reporting 39
Control of the process 40-42
Hydrocarbon inventory, risers and pipelines 43-46
Fire and gas detection and emergency shutdown 47-48
Fire and explosion protection 49-54
Accommodartion, TSR, escape routes and embarkation points 535-61
Emergency centres and systems 62-70
Pipeline emergency procedures 71-72
Evacuation, escape and rescue - General 73-76
Helicopters 717
TEMPSC 78-81
Means of escape to the sea 82-84
Personal survival and escape equipment 85-87
Standby vessels 88-96
Command in ermergencies 97-99
Drills, exercises and precautionary musters and evacuartions 100-104
Training for emergencies 105-106

Safety Case

1. The operator should be required by regulation to submit to the regulatory body
a Safety Case in respect of each of its installarions. The regulation should be analogous
o Reg 7 of the CIMAH Regulations, subject to recommendations 2—]3 (paras 17.33-
43).

2. The Safety Case should demonstrate that certain objectives have been met,
including che following:-

(i) thac the safety management system of the company (SMS) and that of the
installation are adequate to ensure thart (a) the design and (b) the operation of
the installation and its equipment are safe (paras 17.36 and 21.56-57);

(i) thar the potential major hazards of the installation and the risks to personnel
thereon have been identified and appropriate controls provided (para 17.37);
and
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(ii1) chat adequate provision is made for ensuring, in the event of a major emergency
affecting the installation (a) a Temporary Safe Refuge (TSR) for personnel on
the installacion; and (b) their safe and full evacuation, escape and rescue (paras
17.37-38, 19.109, 19.157 and 20.8).

3. The SMS should be in respect of (a) the design (both conceptual and detailed) of
the operator’s installations; and (b) the procedures (both operational and emergency)
of those installations. In the case of existing installations the SMS in respect of design
should be directed to irs review and upgrading so far as that is rcasonably practicable
(para 21.56).

The SMS should set ourt the safety objecrives, the system by which these objectives
are to be achieved, the performance standards which are to be met and the means by
which adherence to these standards is to be monitored (para 21.56).

It should draw on quality assurance principles similar to those srated in BS 5750 and
ISO 9000 (para 21.58).

4. In furtherance of the objectives set out in para 2 above, the operator should be
required to sct out the following in the Safety Case:-

(i) A demonstration that so far as is reasonably practicable hazards arising from
the mnventory of hyvdrocarbons
(a) on the installation, and
(b) in risers and pipelines connected to the installation both in themselves
and as components of the toral system of which they form part
have been minimised (paras 19.17 and 19.20).

(ii) A demonstration that so far as is reasonably practicable the exposure of
personnel on the platform to accidental events and their consequences has been
minimised (para 17.37).

(i) A demonstration by quanrtified risk assessment of major hazards thar the
acceptance standards have been met in respect of risk to the integrity of the
TSR, escape routes, embarkarion points and lifeboats from design accidental
events and that all reasonably pracricable steps have been taken to ensure the
safety of persons in the TSR and using escape routes and embarkation points
(paras 17.38 and 19.157).

(iv) A demonstration that within the TSR there are facilities as specified by the
operator which are adequate for the purpose of control of an emergency (para
19.182).

(v) A fire risk analysis, in accordance with recommendation 49 below (para 19.90).

(vi) An evacuation, escape and rescue analysis, in accordance with recommendations
73-75 below (para 20.9).

5. For the purposes of the demonsrration referred to in para (i) of recommendation
4, the accidental events are to be identified by the operator. A design accidental event
is an event which will not cause the loss of any of the following:-

— the integrity of the TSR,

— the passability of at least one escape route from each location on the platform,

— the integrity of a minimum complement of embarkation points and lifeboats
specified for personnel in the TSR, and

— the passability of at least one escape route to each of these embarkation points,

within the endurance period specified. Events more severe than this are referred to as
residual accidental events (para 19.160).
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The acceptance standards for risk and endurance time should be set before the
submission of the Safety Case. Standards should be set by reference to the ALARP
principle. For the time being it should be the regulatory body which sets these
standards. The operator should define the conditions which constitute loss of integrity
of, and the standards of protection for, the TSR and escape routes to the TSR and
from the TSR to the embarkarion points; and should specifv the minimum complement
of embarkation points and lifeboats for the TSR (paras 19.158-159).

6. The TSR should normally be the accomnmodation (paras 19.156 and 19.161).

In the case of existing installations any requirement for the upgrading of the
accommodation, escape routes and embarkation points should be determined on the
basis of the Safety Case (para 19.165).

7. In connection with the above the Safety Case should specify the following:-

In respect of the TSR-

— its function
— the conditions which constitute its integrity
— the conditions for integrity of its supporting structure

— the events in which and the period for which it is to maintain its integrity (paras
19.157-158).

In respect of escape routes to the TSR and from the TSR to the embarkation points-

— the conditions which constitute their passability

— the conditions for integrity of their supporting structure

— the events in which and the periods for which they are to maintain their
passability (provided that for each location on the platform there should be a

minimum of two escape routes to the TSR, at least one of which should remain
passable for the period) (para 19.164).

In respect of embarkation points and lifeboats-

— the number and location

— the conditions for their integrity and that of their supporting structure

— the events in which and the perjods for which they are to maintain thejr integrity
— the minimum complement for the TSR (para 19.164).

8. No fixed installation should be established or maintained in controlled waters; and
no mobile installation should be brought into those waters with a view to its being
stationed there or maintained in those waters unless a Safety Case in respect of that
installation has been submitted to and accepted by the regulatory body (para 17.41).

9. As regards existing installations the date for submission of the Safety Case should
be laid down by regulation. There is an urgent need for the submission of Safety
Cases, but the date should be selected by the regulatory body. The regulatory body
should have the power, in the event of the failure of an operator to submir an acceptable
Safety Case, 10 require the operator to take whatever remedia) action it considered
necessary, including requiring the installation to be shut down (paras 17.44-45).

10. A Safety Case should be updated:-

(1) After a period of vears from its last assessment (not less than 3, not more than
5, years).

(i1) At the discretion of the regulatory body on the ground of a material change of
circumstances, such as a change of operator, the occurrence of a major
emergency (including one in which there is a precautionary evacuation), a
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major technological innovation or the discovery or better understanding of a
major hazard.

However, provision should be made in order to avoid the need for more than one
Safery Case to be updated by an operator at the same time; and to enable the regulatory
body 1o postpone the auromatic updating where it has recently required a discretionary
updating (para 17.46).

11. As regards modifications to installations or their equipment or procedures, the
operator should, before putting the modification into effect, ascertain whar effect, if
any, it has on the relevant components of the Safery Case. An operator should be
reguired to report to the regulatery body all intended modifications which meert criteria
set by the regulatory body, with a view to discussing with the regulatory body whether
and to whart extent a review of the Safety Case is required (para 17.47).

12.  For the time being the acceptance by the regulatory body of Safety Cases should
not be regarded as justifying the revocation of regulations or the withdrawal of
guidance notes (para 17.67).

Where an operator proposes to meet the objectives of a Safety Case by means which
are not in accordance with regulations or guidance notes the justification for such a
course should be set out in the Safery Case. For the assistance of operators the
regulatory body should publish as soon as possible, and thereafter update in the light
of experience, a list of the individual regulations relating to an installation and ics
cquipment in respect of which it is prepared to grant exemprtion in the light of a
satisfactory demonstranon in a Safety Case; and to do likewise in regard to guidance
notes (para 17.67).

In due course the existing regulations of a detailed prescriptive nature should be
reviewed with a view to their revocation or replacement by regulations which set
objectives. However, it is anticipated that there will continue to be even in the long
term a case for some detailed prescriptive regulations (paras 17.63, 17.67 and 21.67).

13. The regulatory body should discuss with the industry whether it is desirable and
pracruicable that at the stage of the application for Annex B consent (or its equivalent)
there should be a procedure for submission by operators of a preliminary assessment
of matters relevanr to a Safety Case and for the acceptance of this assessment being a
prerequisite for the grantung of Annex B consenrt (para 17.43).

Auditing of the operator’s management of safety

14. The operator should be required to satisfy itself by means of regular audits that
its SMS is being adhered to (para 21.60).

15.  The regulatory body should be required regularly to review the operator’s audit
on a selective basis; and icself to carry out such further audit as it thinks fit; and by
regular inspection verify that the output of the SMS is satisfactory (para 21.60).

Independent assessment and surveys of installations

16. The regulatory body should consider (i) after the introduction of requirements
for the demonstration of SMS and auditing of compliance with it; and (ii) after
experience in the operation and effectiveness of such reguirements whether and to
what extent it wi]l be appropriate to rerain the present sysiem of certification (para
21.64).

Legislation - General

17. (i) The principal regulations in regard to offshore safety should take the form of
requiring that stated objectives are to be met (referred to as ‘‘goal-setting
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regulations”’) rather than prescribing that detailed measures are to be taken
(para 21.67).

(ii) In relation to goal-setting regulations, guidance notes should give non-
mandatory advice on one or more methods of achieving such objectives
without prescribing any particular method as a minimum or as the measure
10 be taken in default of an acceptable alternative (para 21.67).

(ili) However, there will be a continuing need for some regulations which prescribe
detailed measures (para 21.67).

18. The provisions of the Mineral Workings (Offshore Installations) Act 197} and
the Petroleum and Submarine Pipe-lines Act 1975 which have the same general
purposes as those of Part | of the Health and Safety at Work etc Act 1974 (HSWA),
and the regulations made under such provisions, should be made relevant statutory
provisions for the purposes of the HSWA (para 21.68).

19. The Construction and Survey Regulations, the Fire Fighting Equipment Regula-
tions, the Life-Saving Appliances Reguiations and the Emergency Procedures Regula-
tions shou!d be revoked and replaced by-

(1) Construction Regulations, covering inter alia the structure and layout of the
installation and its accommeodarion.

(it) Plant and Equipment Regulations, covering inrer alia plant and equipment on
the installation and in parrticular those handling hydrocarbons.

(m) Fire and Explosion Protection Regulations, covering inter alta both active and
passive fire protection and explosion protection, and

(iv) Evacuation, Escape and Rescue Regulations, covering inter alia emergency
procedures, life-saving appliances, evacuation, escape and rescue.

Each of the above sets of regulations should include goal-setting regulations as their
main or primary provisions and should be supported by guidance notes giving advice
which 1s non-mandatory in the sense set out in paragraph (ii) of recommendation 17
(para 2).69).

20. Operators should be encouraged to specify the standards which they will use to
comply with goal-setting regulations. For a given instailation compliance may be
demonstrated by reference to such standards, the terms of guidance notes and what
is shown by a safety assessment or a combination of one or more of such methods
(paras 17.66 and 21.70).

2]. As regards existing guidance notes the regulatory body should consider whether
and to what extent they should be treated without replacement or modification as
giving non-mandatory advice in the sense set out in paragraph (ii) of recommendation
17; and should inform the industry accordingly (para 21.71).

22. In connection with the preparation of guidance notes the regulatory body should
review the procedures for consultation so as to ensure rhat the views of the
representatives of employers and employees involved in work offshore are adequately
taken into account (para 21.72).

The regulatory body
23. There should be a single regulatory body for offshore safety (para 21.62).

24. The single regulatory body should discharge the safety functions in relation to
fire-fighting equipment and life-saving appliances. As regards standby vessels it should
discharge all functions, whether directly or through the agency of the Department of
Transport (DoT), save those which relate to the statutory responsibility of the DoT
under the Merchant Shipping Acts (paras 21.65-66).
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25. The functions of the Petroleum Engineering Division of the Department of
Energy (DEn) which are concerned with the regulanon of offshore safety should in
future be discharged by a discrete division of the Health and Safety Executive (HSE)
which 1s exclusively devoted ro offshore safety (paras 22.34 and 22.37).

26. This division should employ a specialist inspectorate and have a clear identity
and strong influence in the HSE. It should be headed by a chief execurive who should
be responsible directly to the Director General of the HSE and should be a rmmember
of its senior management board. His function would include the development of the
offshore safety regime, and in particular the implementation of its provisions for Safery
Cases and SMS (para 22.37).

Safety committees and safety representatives

27. The regulatory body, operators and contractors should support and encourage
the involvement of the offshore workforce in safety. In particular, first line supervisors
should involve their workforce teams in everyday safety (para 18.48).

28. The operator’s procedures included in Jine management of operations which are
aimed at involving the workforce in safety should form part of its SMS (para 21.56).

29. The DEn’s intention 1o review the Offshore Installations (Safety Representatives
and Safery Committees) Regulations 1989 after 2 years’ experience of their working
is endorsed (para 21.85).

30. Safery representatives should be prorected against victimisation by a provision
similar 1o Sec 58(i)(b) of the Employment Protection (Consolidation) Act 1978 (para
21.86).

31. The Offshore Installacions (Safery Representatives and Safety Committees)
Regulations 1989 should be modified to the effect that the rraining of safery
representartives should be determined and paid for by the operator (para 21.87).

Permits to work

32. The operator’s permit to work system should form pari of its SMS (para 21.56).

33. Operators and the regulatory body should pay particular attention to the training
and competence of contractors’ supervisors who are required 10 operate the permit to
work system (paras 18.17 and 18.29).

34. Srandardisarion of the permit to work system throughout the industry is neither
necessary nor practicable. However, in view of the fact that there is much in common
bertween the systems of different operators, the industry should seek to increase
harmonisation, for example in the colours used for different types of permits to work
and in the rules as to the period for which a permit to work remains valid (para 18.28).

35. While it is not inappropriate for contractors’ supervisors to act as Performing
Authoritics, operators should be made responsible for ensuring that such supervisors
are trained in the permii 1o work system for the installation where they are to act as
Performing Authorities and that they carry documentary proof of having compteted
such rraining (para 18.29).

36. All permit to work systems should incorporate a mechanical isolation procedure
which involves the physical locking off and tagging of isolation valves (para 18.29).

37. A permirt to work and its consequent isolations, both mechanical and electrical,

should remain in force until the work is sufficiently complete for the permit to be
signed off and the equipment returned to operation (para 18.8).
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38. Copies of all issued permits to work should be displayed at a convenient location
and in a systematic arrangement such that process operating staff can readily see and
check which equipment is under maintenance and not available for operation (para
18.8).

Incident reporting

39. The regulatory body should be responsible for maintaining a database with
regard to hydrocarbon leaks, spills and ignitions in the industry and for the benefit of
the industry. The regulatory body should:-

(i) discuss and agree with the industry the method of collection and use of the
dara,

(i) regularly assess the data 1o determine the existence of any trends and report
them to the industry, and

(ii1) provide operators with a means of obtaining access 1o the data, particularly for
the purpose of carrying out quantified risk assessment (para 18.43).

Control of the process

40. Key process variables, as determined by the Safety Case, should be monitored
and controllable from the Control Room (para 18.36).

41. The Control Room should at all tirnes be in the charge of a person trained and
qualified to undertake the work of Control Room operator. The Control Room should
be manned at all times (para 18.35).

42. The training of Control Room operators should include instruction in an onshore
course in the handling of emergencies (para 18.35).

Hydrocarbon inventory, risers and pipelines

43. The Emergency Pipe-line Valve Regulations should continue in force until they
are subsumed in the Plant and Equipment Regulations. The provision in these
regulations for there to be on each riser a valve with full emergency shutdown capability
and Jocated as close to sea level as practicable is endorsed (paras 19.34-35).

44. There should be no immediate requirement that a subsea isolation valve (SSIV)
be fitted on a pipeline connected to an installation. The operator should demonstrate
in the Safety Case that adequate provision has been made, including if necessary the
use of SSIVs, against hazards from risers and pipelines (para 19.36).

45. Studies should be carried out with the following objectives:-

(i) To explore the feasibibity of dumping in an emergency Jarge oil inventories,
such as those in the separators, In a safe and environmentally acceptable
manner, so as to minimise the inventory of fuel available to feed a fire (para
19.19).

(i1) To minimise the pipeline connections to platforms (para 19.21).

46. Studies should be carried out with the following objectives:-

(i) To achieve effective passive fire protection of risers without aggravating
corrosion (para 19.22).

(i) To improve the reliability and reduce the cost of SSIVs so that it is more often
reasonably practicable to install them (para 19.37).

Fire and gas detection and emergency shutdown

47. The arrangements for the activation of the emergency shutdown valves (ESVs),
and of SSIVs if fitted, on pipelines should be a fearure of the Safety Case (para 19.42).
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48. Studies should be done to derermine the vulnerability of ESVs to severe accident
conditions and to enhance their ability to survive such conditions (para 19.43).

Fire and explosion protection

49, Operators should be required by regulation to submirt a fire risk analysis to the
regulatory body for its acceptance (para 19.90).

50. The regulations and related guidance nores should promote an approach to fire
and explosion protection:-

(1)  which is integrated as between -
— acuve and passive fire protection

— different forms of passive fire protection, such as fire insulation and
platform layout, and

— fire protection and explosion protection (paras 19.87-95);

(i1) in which the need for, and the location and resistance of, fire and blast walls
is determined by safety assessment rather than by regulations (para 19.96);

(1) in which the function, configuration, capacity, availability and protection of
the fire water dcluge system is determined by safety assessment rather than by
regulations (paras 19.97 and 19.99);

(iv) which facilitates the use of a scenario-based design method for fire protection
as an alternanve to the reference area method (paras 19.91 and 19.98); and

(v) which provides to a high degree the ability of the fire water deluge system,
including the fire pump system, to survive severe accident conditions (para
19.100).

51. The ability of the fire water deluge system, including the fire pump system, (o
survive severe accident conditions should be a feature of the Safety Case (para 19.100).

52. The regulatory body should work with the industry to obtain agreement on the
interpretation for design purposes of its interim hydrocarbon fire test and other similar
tests. If in the view of the regulatory body there exists a need for an improved test,
such as a heat flux test, it should work with the industry in order to develop one {para
19.101).

53. The DEn discussion document on Fire and Explosion Protection should be
withdrawn (para 19.102).

54. The regulatory body should ask operators which have not already done so 1o
undercake forthwith a fire risk analysis, without waiting for Jegislation (para 19.103).

Accommodation, TSR, escape routes and embarkation points

55. Provisions should continue to be made by regularions supported by guidance
notes as o the construction of the accommodation; and as 10 escape routes and
embarkation points (para 19.166).

56. The regulations and the related guidance notes should promote an approach to
protection of the accommodarion:-

() in which external fire protection is provided both to prevent breach of the
accornmodatjon and to maintain breathable air within it (para 19.170); and

(ii) in which an integrated set of acrive and passive measures is provided to prevent
ingress of smoke and other contaminants into the accommodartion and to
maintain breathable air within it (paras 19.170-171).
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57. For the purpose of maintaining breathable air within the accommodation, it
should be required by regulation that the ventilation air intakes should be provided
with smoke and gas detectors and that on smoke or gas alarm the ventilation and
dampers should shut down (para 19.172).

58. The regulations and related guidance notes on escape routes should recognise
that jt may not be practicable to protect escape routes against all physical conditions;
and accordingly should be based on the objective that they should remain passable
(para 19.174).

59. TItshould be required by regularion that escape routes are provided with adequate
and reliable emergency lighting and with photoluminescent direction signs (para
19.175).

60. The regulatory body should ask operators which have not already done so to
carry out forthwith an assessment of the risk of ingress of smoke or gas into the
accommodation; and to fit smoke and gas detectors and implement ventilation shutdown
arrangements as in recommendation 57, without waiting for legislation (para 19.173).

61. Studies should be carried out with the objective of assisting desjgners in predicting
the breathability of air in a TSR where its exrernal fire wall is subjected to a severe
hydrocarbon fire (para 19.163).

Emergency centres and systems

62. It should be required by regulation that there should be available within the
TSR certain minimum specified facilities for the monitoring and control of an
emergency under hostile outside conditions (paras 19.178 and 19.182).

These facilities should be in the Control Room, which should be located in the TSR
(para 19.179).

On existing installations where the Control Room is not in the TSR, these facilities
should be in an Emergency Control Centre located in the TSR. In such a case the
Conrtrol Room should be protected against fire and explosion as determined by safety
assessment (paras 19.180-181).

63. It should be required by regulation that a Radio Room with facilities for external
communications should be located in the TSR (para 19.179).

On exisung installations where the Radio Room is not in the TSR, these facilities
should be in an Emergency Radio Room located in the TSR (para 19.180).

64. The regulations and related guidance notes should promote an approach to
emergency systerns:-

(i) which provides to a high degree the ability of these systerns to survive severe
accident conditions (paras 19.188-189); and

(1) which applies 1o communications systems the fail-safe principle (para 19.193).

The emergency systems include the emergency power supplies and systems, the
emergency shutdown system and the emergency communications systems. Severe
accident conditions include fire, explosion and strong vibration (para 19.188).

65. The ability of emergency systems to survive severe accident conditions should
be a feature of the Safery Case (para 19.189).

66. The regulatory body should work with the industry to promote the use of status
light systems (para 19.192).

67. The regulatory body should work with the industry to achieve standardisation
of status lights and of alarm systems for emergencies (para 19.194).
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68. Studies should be done 1o determine the vulnerability of emergency systems 1o
severe accident conditions and to enhance their ability to survive such conditions (para
19.190).

69. The regulatory body should ask operators which have not already done so to
review forthwith the ability of emergency systems to withstand severe accident
conditions (para 19.191).

70. Where a regulation imposes a requirement for a major emergency or protective
system, such as a fire deluge system, it should be required that the operator should
set acceptance standards for its availability (para 19.199).

Pipeline emergency procedures

71. Operacors should be required by regulation regularly to review pipeline emergency
procedures and manuals. The review should ensure that the informarion conrained in
manuals 1s correct, that the procedures conrtained are agreed with those who are
responsible for executing them and are consistent with the procedures of installations
connected by hydrocarbon pipelines (para 19.196).

72. Operators should be required by regulation to institute and review regularly a
procedure for shurting down production on an installation in the event of an emergency
on another installation which is connected to the first by a hydrocarbon pipeline where
the emergency is hable to be exacerbated by continuation of such production (para
19.197).

Evacuation, escape and rescue - General

73. Operators should be required by regulation 1o submit to the regulatory body for
1§ acceptance an evacuarion, escape and rescue analysis in respect of each of its
installatons (para 20.9).

74. The analysis should specify the facilities and other arrangements which would
be available for the evacuation, escape and rescue of personnel in the event of an
emergency which makes it necessary or advisable in the interests of safety for personnel
to leave the installarion (para 20.9).

75. 1In particular the analysis should specify:-

(1) The formal command structure for the control of an emergency affecting the
installation;

(1) The likely availability and capacity of helicopters, whecher in-field or otherwise,
for the evacuation of personnel;

(1) The types, numbers, locations and accessibility of totally enclosed motor
propelled survival craft (TEMPSC) available for the evacuation of personnel
from (a) the TSR and (b) other parts of the installarion from which access to
the TSR is not readily available;

(3v) The types, numbers and locations of life rafts and other facilities provided as
means of escape to the sea;

(v) The specification (including speed, sea capability and accommodation), location
and funcnions of the standby vessel and other vessels available for rhe rescue
of personnel;

(vi) The types, numbers, locarions and availability of fast rescue craft, whether
starioned on the installation or on the standby or other vessels; and

(vii) The types, numbers and locations of personal surviva) and escape equipment,
(All in para 20.9).
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76. The regulatory body should ask operators which have not already done so to
undertake an evacuation, escape and rescue analysis forthwith, without waiting for
legislation. The timetable for completon of this analysis should be agreed between
the regulatory body and the industry but should not exceed a toral of 12 months, and
that only for operators of a large number of installations (para 20.9).

Helicopters

77. Operators should adoprt a flight following system for determining at short notice
the availability and capacity of helicopters in the event of an emergency. This system
could be either a system operated by the individual operator or a North Sea-wide
system (para 20.11).

TEMPSC

78. The requirement by regulation that each installation should be provided with
TEMPSC having in the aggregate sufficient capacity to accommodate safely on board
150%, of the number of persons on the installation should be maintained (para 20.16).

Such provision should include TEMPSC which are readily accessible from the TSR
and which have in the aggregate sufficient capacity to accommodate safely on board
the number of persons on the installation (para 20.16).

79. On new installations where the provision of davit-launched TEMPSC is accepta-
ble to the regulatory body they should be oriented so as to point away from the
installation (para 20.24).

80. The regulatory body should work with the industry to develop equipment and
methods to enable TEMPSC to be launched clear of the installation including where,
as on existing installations, rhey are oriented so as to point along the side of the
installation (para 20.18).

81. Reg5 of the Life-Saving Appliances Regulations should be amended or replaced
so as 1o enable free-fall TEMPSC to be installed on new and existing installations. It
should remain for the operator to justify its choice of TEMPSC as being appropriate
in the particular conditions of its installation (para 20.24).

Means of escape to the sea

82. It should be required by regulation that each installation should be provided
with life rafts having in the aggregate sufficient capacity to accommodate safely on
board at least the number of persons on board the installation; along with suitable
ropes to enable those persons to obrain access o the life rafts after they have been
launched and deployed (para 20.26).

83. A variety of means of descent to the sea should be provided on all installations.
In accordance with recommendation 75 the types, numbers and locations of facilities
for this purpose should be specified in the evacuation, escape and rescue analysis; but
such facihities should include:-

— fixed ladders or stairways
— personal devices for controlled descent by rope (paras 20.28-29).

84 The regulatory body should work with the industry to determine the practicability
and safety of escape chutes and collapsible stairways (para 20.30).

Personal survival and escape equipment
85. [Each individual on board an installation should be provided with:-

(1) a personal survival (or immersion) suit;
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(1) a life~jacket;
(iii) a smoke hood of a simple filter type 10 exclude smoke and provide prorection
for at least 10 minutes during escape to or from the TSR;
(iv) a torch; and
(v) fireproof gloves.
These articles should be kept in the accommodation (para 20.36).

Other survival suits, life-jackets and smoke hoods for at least one half of the number
of persons on the installarion should be stored in containers placed at sujtable locarions
on the installation (para 20.36).

86. The use of small transmitters or detecrors on life-jackets in order to assist in the
finding of personnel in the dark should be considered. Luminescent strips should be
of a colour other than orange (paras 20.33-34).

87. Work should be carried out with the objective of combining the funcijons of a
survival suit and a life-jacker in one garment (para 20.32).

Standby vessels

88. Changes in the regulations and the code for the assessment of standby vessels
should be aimed at an improvement in the quality of standby vessels, introducing
basic standards for existing vessels and higher specifications for new vessels (para
20.41).

89. Irshould be required by regulations that each standby vessel should comply with
the following standards:-
(i) It should be highly manoeuvrable and able to maintain its position;

(i1) It should provide full visibility of the water-line in all directions from the
bridge;

(iii) Tt should have at least two 360° searchlights capable of being remotely
controlled;

(iv) It should have two fast rescue craft. One of the 2 fast rescue craft should be
able to travel at 25 knots in normal sea states. The smaller fast rescue craft (9
person capacity) should be crewed by 2 persons; the larger by 3 persons. Fast
rescue craft should be equipped with adequate means of communicating with
the standby vessel by VHF radio; and carry an adequare portable searchlight;

(v) It should have the means of rapid launching of its fast rescue craft;

(vi) It should have adequate means of communication by radjo with its fast rescue
craft, the installarion, nearby vessels and the shore; and

(vii) It should have at least two merhods of retrieving survivors from the sea.
(All in para 20.42).

00. Reg 10 of the Emergency Procedures Regulations should be revoked (para 20.39).

01. Sec 3 of the code for the assessment of standby vessels (areas of operation) should
be withdrawn (para 20.39).

92. The owners of standby vessels should be required to notify the regulatory body
weekly as to the locations and funcrions of their vessels in the ensuing week. A copy
of such notificarion should also be given to the DoT (para 20.54).

93. As regards the appropriate numbers for the crew of standby vessels, the DoT

should take into account the evidence given in the Inquiry when reviewing the code
in this respect (para 20.50).
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94. The proposals in the amended code as to age limit, medical examination and
cerufication of fitness of members of the crew of standby vessels; and as to their
periods of duty are endorsed (paras 20.5]-52).

95. The regulatory body should work with the industry to obtain agreement as to
adequate training packages for the crew of standby vessels. Such training should be
administered, and records of training kept by the Offshore Petroleurn Industry
Training Board (OPITRB) (para 20.55).

96. The coxwain and crew of fast rescue craft should receive special training for
their duties, along with regular refreshers (para 20.55).

Command in emergencies

97. The operator’s formal command organisation which is to function in the event
of an emergency should form part of 1ts SMS (para 20.59).

98. The operator’s criteria for selection of OIMs, and in particular their command
ability, should form part of its SMS (para 20.59).

99, There should be a system of emergency exercises which provides OIMs with
practice in decision-making in emergency situations, including decisions on evacuation.
All OIMs and their deputies should participate regularly in such exercises (para 20.61).

Drills, exercises and precautionary musters and evacuations

100. The operator’s system for emergency drills and exercises should form part of
1ts SMS (paras 20.61 and 20.64).

101. Offshore emergency drills and exercises should be carried out in accordance
with the UKOQA guidelines for offshore emergency drills and exercises on installations
(paras 20.61 and 20.64).

102. All offshore staff should attend one muster per tour of duty (para 20.62).

103. The circumstances of all precautionary musters and evacuations should be
reported by operators to the regulatory body (para 20.62).

104. Operators should maintain lists of personnel on board by alphabetical order
and also by reference to the names of contractors whose personnel are represented on
board. These lists should be updated for every movement of personnel and copied
immediately to the shore (para 20.62).

Training for emergencies

105. The UKOOQOA guidelines for offshore emergency safety training on installations
should be a minimum requirement for survival, fire-fighting and other forms of
training detailed therein for the relevant personnel employed offshore. Personnel who
have not mer the requirements of these guidelines should not be permitted to work
offshore (para 20.64).

In order to ensure that these guidelines are complied with operators should be required
to devise and maintain a system for the purpose, pending the date when the central
training register instituted by OPITB for recording the personal details and safery
traaning courses attended by all personnel seeking employment offshore is fully
operational (para 20.64).

106. The operator’s system for emergency training and its enforcement should form
part of its SMS (para 20.64).
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Owerleaf — Plates 1 & 2 Oi) and Gas fields in the northern North Sea.
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Plate 3 The Piper Alpha platform: view from the north-west.



Plate 4 The Piper Alpha platform: view from the south-east.



Plate S The Piper Alpha platform: west face and pipe deck.
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Plate 6 Model of the production modules (1: 33 scale): B Module looking east



Plate 7 Model of the production modules (1: 33 scale): C Module looking east.



Plate 8 Model of the production modules (1: 33 scale): the main oil line pumps at the west end of B
Module. The 4 inch condensare injection line is the small yellow line 2~P-517-4"~F15 coming
through the B/C firewall and entering the MOL pump discharge header 1-P-143-20"-F12.



"* ... e 1G EHL-' G130A

Plate 9 Model of the production modules (1: 33 scale): the centrifugal compressor skid towards the
east end of C Module. The location of PSV 504 is marked in red.
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Plate 10(a) Control panels and control desk in the Control Room. The view is of the space
between the control desk and the main process control panel, looking south (see
Fig.J.4(c)). The operator is sitting with his left elbow on the control desk. To
the east and going from south to north are the main fire and gas control panel
and then the main process control panel.

Plate 10(b)

The north-west corner of the
platform, showing the Chanter
riser gantry. The gantry is the
Iwo structures, one ending in a
triangular shape and the other
in a rectangular one, projecting
from the 68ft level. Also shown
is che 20ft level and the naviga-
ton aid platform at the
north-west corner of the 68ft
level.
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Plate 11({a) The Tharos.
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Plare 11(b) The Silver Pu.



Plate 127b) A Piper liferaft on its launching platform.



Plate 13 The east flare before the instial explosion. The photograph was taken by Mr Macdonald from
the Lowland Cavalier some 1-2 minutes before the initial explosion.



Plate 14(a)

Plate 14(b)

The early fire in B Module: (a) Mr Miller’s first photograph; and (b) his second photograph. The first
photograph was taken from the Tharos some 15 seconds after the initial explosion. The next five
photographs were taken in quick succession at intervals estimated as 2-3 seconds.




Plate 15(a)

Plate 15/b)
The early fire in B Module: (a) Mr Miller’s third photograph; and (b) his fourth photograph.




Plare 16¢a)

Plate 16(b)
The early fire in B Module: (a) Mr Miller’s fifth photograph; and (b) his sixch photograph.




Plate 17(a) The early fire in B Module: photograph taken by Mr Macdonald from the
Lowland Cavalier at a time estimated as some 30 seconds after the initial
explosion.

Plare 17{b) The fires on Piper before riser rupture: Mr Miller’s thirteenth photograph.



Plate {8(a) The fires on Piper before riser rupture: Mr Miller’s nineteenth photograph.

Plate 18(b) The fires on Piper before riser rupture: photograph taken from the Maersk
Currer.




Plate 19(a) The fires on Piper before riser rupture: photograph taken by Mr Ritchie
from the Lowland Cavalier

Plate 19(b) The fires on Piper just after rupture of the Tartan riser: photograph taken
by Mr Gibson from the Lowland Cavalier at a time estimated as 22,20~
22.22 hours.



Plate 20(a)

Plate 20(b)

The fires on Piper some time after riser rupture: photograph taken from
the Tharos helicopter.

The fires on Piper some time after riser rupture: further photograph taken
from the Tharos helicopter.



Plare 21 The remains of A Module on the morning of 7 July.



Plate 22(a)

.
Plate 22(b)

Accommodanon modules at Flotta after recovery from the seabed — ): (a) the East Replacement
Quarters (ERQ); and (b) the south face of the ERQ.



Plare 23 Accommodation modules at Flotta after recovery from the seabed — 2: the
Additional Accommodation West (AAW).



Plate 24(a)

1500 LB

Plate 24(b)

The pipework at the site of PSV 504 in C Module: (a) model of the PSV and pipework; and (b) a 1500
Ib flange with ring. The PSV is the wooden mock-up. Its inlet is on the right hand side.
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Plate 25(a) Hydrate formation in an observation window of the rotating
wheel test rig in the tests conducted by Petreco.

ke

Plate 25(b) The main methanol pump at Peterhead
after recovery. As the pump was installed
on the platform, the view is thart looking

north.



Plate 26(a) Explosion in a scaled down module typical of those conducted by CMI to
validate its explosion model.

Plate 26(b) Leak from a blind flange assembly in the Nowsco tests.






Appendix A
Procedural History

Preliminary Hearings

A.l A Preliminary Hearing was held at the Aberdeen Exhibition and Conference
Centre, Bridge of Don, Aberdeen, on 11 November 1988. The date was selected in
order to enable potenual parties to have an adequate opportunity 1o consider the
implications of The Petrie Report. At this hearing I disposed of applications by
persons [o be parties to the Inquiry and dealt with various matters of procedure and
programming. I permitted persons to be parties to the Inqguiry if they were able to
show an interest, which required to be a reasonably direct interest, in some aspect of
the subject matter of the Inquiry which as a matrer of fairness required protection by
such representation. I required that persons who had a similarity of interests should
be jointly and not separately represented. Appendix B conrtains a list of the parties to
the Inquiry.

A.2 Parties who intended to attach blame or criticism to sorneone else, whether or
not already a party to the Inquiry, were required to give advance notice to the
Secretariat which was then responsible for informing the other parties and any other
person who had been so named. This procedure was carried out satisfactorily.

A.3 A second (and final) Prelimipary Hearing was held in Edinburgh on 9 January
1989. This meeuing was concerned solely with the progress which had been made in
the recovery of documents by agreement.

The Inquiry

A.4 Part 1 of the Inquiry opened on 19 January 1989 and closed on 1 November
1989. It sat for 130 days. Part 2 of the Inquiry opened on 2 November 1989 and
closed on 15 February 1990. It sat for 50 days. The whole proceedings of the Inquiry
were held in public. No opening submissions were made. At the end of Part | closing
submissions were made by the parties and Counsel to the Inquiry in writing, extending
to over 1300 pages, and briefly highlighted orally. Copies of the written submissions
were made available 1o the press and the public. At the end of Part 2 parties who
intended to invite me 0 make recommendations submicted written lists of them in
advance of making their closing submissions. Copies of these lists were likewise made
available to the press and the public. During the course of the Inquiry a committee
of experts under the chairmanship of the Assessors met on 2 occasions. The first of
these was on 20 February 1989 and the second on 27 June 1989. These meetings were
concerned respectively with (1) the involvement of the contents of pipelines with which
Piper was connected; and (ii) expert opinion in regard to the scenario that condensate
had been ingested into the reciprocating compressors.

Wirnesses

A.5 196 witnesses gave evidence in Part 1 of the Inquiry. 14 of them who required
to give evidence on a number of different matters gave evidence on 2 or more occasions.
64 witnesses gave evidence in Part 2 of the Inquiry. 9 of them gave evidence on 2
occasions. Lists of the witnesses are contained in Appendices C and E; and a list of
experts’ reports in Part 1 is contained in Appendix D. After I had decided that the
evidence of a witness would be of assistance to the Inquiry copies of his precognition
were circulated by the Crown Office to the parties. This served to avoid any risk of
the Inquiry being delayed. Each witness gave evidence after being put on oath or
affirming; and was subject to cross-examination by the parnies to the Inquiry and,
where applicable, by Counsel 1o the Inquiry, subject to the extent which 1 considered
to be of assistance to the Inquiry. In certain instances I permitted legal representation
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10 be provided in support of witnesses whose interests were not represented by any
of the parties to the Inquiry.

A.6 At the Preliminary Hearing on 1] November 1988 the Lord Advocate (The
Lord Cameron of Lochbroom) attended in the public interest and explained che
assistance which he had arranged that the Crown Office should provide to the Inguiry.
He also made the following statement:

“Further, to assist the Inguiry, I wish to state that 1 undertake that in the case of
any witness who appears before this Inquiry, neither his evidence before the Inquiry
nor evidence given before the Inquiry by any person by reference to or incorporating
the whole or any part of any documents which that witness is required o produce
ro the Inquiry, shall be used against him, or any other person who could be held
criminally responsible on account of his acrings in any subsequent criminal
proceedings, exceprt in crimjnal proceedings in which the charge is one of having
given false evidence before the Inquiry or having conspiced with or procured others
to do so.”

Documents

A.7 A large number of documents were recovered for examination in order to see
whether they might be of assistance to the Inquiry. The principal sources were
Qccidental, Score (UK) Ltd, the DEn and Lloyds Register of Shipping. The documents
recovered from Occidental included a number of logs and other records which had
been recovered from the bed of the North Sea when the ERQ was raised in October
1988. As the result of remarkable work which was done by specialists at Flotia vircually
all of these documents were stll legible. In order to receive the large volume of
recoveries a library was set up and administered by Messts Cremer and Warmner in
order that a)l parties might have access 10 them. From the contents of the library
Messrs Cremer and Warner assembled a collection of core documents which form the
first instalment of the productions before the Inquiry. These were copied and circulated
to all the parties. Thereafter additional documents were produced from the library
and elsewhere as the need for the Inquiry to refer o them was identified.

A.8 Due to the co-operation of the havers of the documents it proved unnecessary
for me (o exercise my power under Reg 7(a) of the Public Inquiries Regulations to
require production of documents considered necessary for the purposes of the Inquiry.
The sole exception to this was the interim report of the Occidental board of inquiry
into the disaster which counsel for the Contracrors’ Interests asked me on Day 78 to
require Occidental to produce. This motion was opposed by Occidental on a number
of grounds. Having heard counsel I considered that the appropriate course of action
in the first instance was to pronounce such an order for the limited purpose of enabling
Counsel to the Inquiry 1o advise me as to any grounds which there might be upon
which the Court might consider it necessary for the purposes of the Inquiry 10 examine
the report. I pronounced that order on 13 June 1989. On 16 June I was advised by
Counsel to the Inquiry that the report did not conrain information which would add
materially to what was already available to the Inquiry. In these circumstances [ made
no further order in regard to the inrerim report.

A.9 As regards all documents circulated to the parties by the Crown Office, such
as witness statements and productions, the representatives of all parties entered into
an agreement with Counsel to the Inquiry that these were provided solely for use by
the parties and their agents, experts and representatives in counection with the
preparation for and conduct of the proceedings; and gave various undertakings
including not to publish their contents beyond the extent to which they had already
been made public in the proceedings.
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Costs and expenses

A.10 On 9 November 1989 I issued the following Opinion in connection with an
application by the Trade Union Group for a direction as to their expenses:-

The Piper Alpha Trade Union Legal Group, which I shall refer 10 as “the Group’’,
have applied to me for a direction that the expenses of the Group so far as properly
attributable 1o its participation in Part 1 of the Inquiry should be paid by Occidental.
This application, which is opposed by Occidental, was made in reliance on Reg 9(2)
of The Offshore Installations (Public Inquiries) Regulations 1974, under which the
Inquiry is held. Thart provides as follows:- “The court may direct that the costs of
an inquiry shall be paid in whole or in part by any person who in the opinion of
the courrt, by reason of any act or default on his part or on the part of any agent or
servant of hjs, caused or contributed to the casualty or other accident the subject
of the inquiry.”

Written submissions in regard to this application have been presented to me by the
Group and by Occidenral. The Department of Energy and the Deparunent of
Transport have also submitted observations in writing. On Day 130 of the Inquiry
I heard counsel for these parties and had the benefir of observations by Counsel to
the Inquiry.

Counsel for the Group sought to satisfy me that the application was competent;
and, if so, that it was made at an appropriate time. He further submitted that it was
appropriate for me to make the direction in due course in the light of the view which
he had earlier asked me to take as to Occidental’s responsibility for what happened
in the disaster.

The question of competency, upon which I have had full submissions from counsel,
is logically the first point which requires to be addressed and it is appropriate that
I should deal with it at the present stage. The short point is whether the expenses
of a party such as the Group fall within the meaning of the expression ‘‘the costs
of an inquiry”’.

Counsel for the Group submirted that when given its ordinary meaning, which
involved eschewing ‘“‘artificial refinement or subtle distinctions’, the expression
covered all the costs which were properly incurred by any party whose representation
before the Inquiry had been permitted by the court. He pointed out that under Reg
4 the court is to hold the inquiry “‘in such a manner and in such conditions as the
court thinks most effectual for enabling it to make the report required by Reg 9.
One of the ways in which it did so, he said, was by scrutinising applications by
persons to be represented as parties before the Inquiry. Where permission was
given, the basis for that must have been that the court was satisfied that representation
of that party before the Inquiry would be of assistance to it. He went on to submit
that whereas the remuneration of the court and the assessors was specifically dealt
with in Reg 3(2) it was clear that a number of items of expense which were not
mentioned in the Regulations but must have been considered by the court to be of
assistance to it, were covered by the expression “the costs of an inquiry”. He gave
as examples the cost of secrerarial assistance, accommeodation for the Inquiry and
the services of Counsel (o the Inquiry. By similar reasoning the expression would
cover the expense incurred by a person who had been permitted to be a party to
the Inquiry, In support of his arguments counsel founded on the decision of Lord
Ross in Holburnhead Salmon Fishing Co. v Scrabster Harbour Trustees, 1982 SC 65.
In that case, he held that the words “all costs, charges and expenses of and incidental
to the preparing and obrtaining of this Order and otherwise incurred in reference
therero shall be paid by the Trustees” in a provisional order which had been
confirmed were wide enough to cover expenses incurred by the company in pursuing
its petition against the order. Counsel drew attention to the fact that at page 66
Lord Ross described this language as very wide, adding that he could see no reason
why the secrion should be construed in a narrow sense. Counse] also founded on
the terms of certain orders made by the Hon Mr Justice Sheen as Wreck
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Commissioner in the Zeebrugge Inquiry under section 56(5) of the Merchant
Shipping Act, 1970, which provides that “The Wreck Commissioner or Sheriff may
make such order with regard to the costs of the investigation as he thinks just ....”.
In a supplementary report on costs the Wreck Commuissioner stated, inter alia, that
“the statutory power of a Wreck Commissioner 10 make an order for costs is laid
down in the most general terms’’. He went on to refer to the principle that an order
for costs was used as the only method of penalising which was competent to the
court as against parties other than certificated officers. The orders made by him in
that inquiry included orders for various payments by Townsend Car Ferries Ltd
to representatives of the National Union of Seamen and of cerrain members of the
crew or their dependants, all as orders “‘with regard 1o the costs of the investigation.

The above arguments make 1t necessary for me to examine the true significance of
the fact that a person has become a party to the present inquiry. It is to be noted
that the 1974 Regulations do not compel, or empower the court to compel, any
person to be a party to the inquiry. Further cthey do not require the court to accept
any person as such a party. On the other hand the terms of Reg 7(b) and (d) refer
to ‘“‘any person appearing’ at the inquiry and plamnly imply that the court has the
power 1o permit persons [0 appear as parties before the inquiry. That is a power
which I exercised in the present inquiry at the Preliminary Hearing on 11 November
1988 by granting permission in the exercise of my discretion and on cause shown.
The words in which I expressed what required to be shown, the substance of which
would in any event have been implied, were that *‘I must be satisfied thar the person
has an interest, and that is a reasonably direct interest, in some aspect of the subject
matrer of the Ingquiry which, as 2 matrer of fairness, requires protection by such
representauon.’” Accordingly the basis for giving permission was the possession by
a person of such an interest and not the expectation on the part of the court as to
the assistance which was expected from him. It is not essential to an inquiry such
as the present for any particular persons ro be parties 1o it. In these circumstances
I consider that the atrempt to make a comparison berween the cost of various items
which have been provided at the request of the court or those acting on its behalf
and the cost of a party’s representation before the inquiry is ill-founded.

When the provisions of the 1974 Regulations are further considered a number of
other imporiant points emerge. At no point in the Regularions is there any explicit
reference o expenses attriputable to a person appearing before the inquiry or any
mechanism by which a test is provided in order to ensure that the expenses were
justified or reasonable. On the other hand express provision is made by Reg 8 for
the payment and taxation of the expenses of witnesses. Turning again 1o Reg 9,
para (3) provides that any costs which a person is ordered 1o pay under para (2)
may be recovered from him by the Secretary of Stare. No provision is made for
recovery by any other person, as one would have expecred if “the costs of an
inquiry” included the expenses attributable o a party’s appearance before the
inquiry. Para (5) provides that “The costs of an inquiry, other than any costs paid
by any person pursuant to a direction of the court under para (2), shall be treated
as expenses of the Secretary of State under the Act”. There is nothing 1o suggest
that in para (5) the meaning of “‘the costs of an inquiry” is different from the
meaning of that expression where it appears in para (2). If the submissions of the
Group are correct it means that, apart from any direction under para (2), the
expenses of all parties to the inguiry which are attributable to their participation
are to be rreated as expenses of the Secretary of State under the Mineral Workings
(Offshore Installations) Act 1971, and accordingly by virtuc of secrion 13(1)(a) of
that Act, to be paid ourt of money provided by Parliament. It should also be noted
that this would be regardless of whether as matters turned our their representation
before the inquiry, which could have involved lirtle or no active participation, was
of any assistance 1o the inquiry. Further, unlike the situation in para (2), there
would be no question of any exercise by the courrt of a discretion which the Group
submit can and should be exercised in their favour. These considerations reinforce
the views which 1 have expressed above as to the unsoundness of the Group’s
submissions.
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As regards the two examples of the approach to expenses cited by counsel for the
Group [ do nor find them to be of any real assistance since they depend upon the
starutory provisions to which each was related. In Holburnhead Saimon Fishing Co.
v Scrabster Harbour Trustees it is clear that Lord Ross attached particular importance
to the words ‘“‘and otherwise incurred in reference thereto” which have no parallel
in the present case. As regards the orders made at the Zeebrugge Inquiry, there
does not appear 1o have been any dispute as to the competency of making such
orders. Further, as counsel for the Department of Energy and the Department of
Transport pointed out, it may well be of significance that in terms of the Merchant
Shipping (Formal Investigations) Rules 1985, under which that Inquiry was held,
certain persons could be made parties to the formal investigation by service of a
notice of investigation upon them.

I should add that counsel for the Department of Energy and the Department of
Transport also drew to my attention the way in which the Cjvil Aviation Review
Board which was concerned with the Chinook helicopter accident at Sumburgh
approached the question of expenses under Reg 14(7)(a) of the Civil Aviation
(Investigation of Accidents) Regulations, 1983. In that case the Board, of which the
Chairman was Sheriff P G B McNeill, QC, took the view that “the expenses of the
review board” included the expenses of persons who were obliged by the Regulations
to render assistance (o the Review Board but did not include parties who appeared
by virtue of Reg 14(2). While this decision is of some intecrest wichin its own context,
I artach no importance to it for present purposes.

For the reasons which I have set out above I have come to the conclusjon that the
Group’s attempt to bring their expenses within the scope of the expression “‘the
costs of an inquiry” is ill-founded and accordingly I reject their application as
incompetent.

A.ll At the end of the Inquiry counsel for the Trade Union Group invited me to
make a recommendation on an extra-statutory basis that “payment of the costs incurred
by ... MSF and the T & GWU should be made out of central funds.”” In support of
this he pointed out that members of these unions were among the deceased and the
survivors. The unions had sought to represent the interests of their members in
seeking the reasons for the toll of deaths and injuries: and to promote safety in a
number of specific areas of the safety regime, including by its alteration in a number
of respects. He suggested that the Inquiry had been assisted by that representation,
in particular in cross-e¢xamination of the Occidental management and those responsible
for the operation of the safety regime. The unions had borne a heavy burden of
expenditure. There were considerations of public policy in favour of not discouraging
trade unions and other bodies and persons of limited resources from participation in
public inquiries into matters of safety. He also drew my attention to recommendations
which the inspector had made in the investigations into (i) the King’s Cross
Underground Fire (in favour of the Fire Brigade’s Union and ASLEF); and (ii) the
Clapham Juncrion Railway Accident (in favour of the NUR, TSSA and ASLEF). 1
have carefully considered these submissions. In my view these submissions have merit,
particularly when it is borne in mind that, in regard to the opening up of matters of
possible criticasm, Counsel to the Inquiry adopted a neutral position. Accordingly the
burden of exploring such matters fell to a large extent to the trade unions. On the
other hand not all the points which they sought to explore proved to be of assistance
to the Inquiry. While the matter of any payment out of public funds is entirely at the
discretion of the Secretary of State I recommend that these trade unions should receive
a contribution towards their costs. Having considered all the relevant factors I
recommend that 40%, would be an appropriate proportion. If the Secretary of State
is disposed to make a payment out of public funds I recommend, in line with the
course proposed by counsel for the Trade Union Group, that the costs should be
taxed, failing agreement, by the Auditor of the Court of Session.
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Appendix B

List of Parties and their Representatives

The Inquiry

The Solicitor-General for Scotland (Mr A F Rodger QC), Mr T C Dawson QC,
Advocate-depute, Mr A P Campbell and Miss M Caldwell, Advocates; Mr A D
Vannet, Solicitor, Crown Office, Edinburgh.

Piper Alpha Trade Union Legal Group (comprising 2 firms of solicitors for the
representatives of 23 deceased and 8 survivors; and MSF and T & GWU).

Mr H H Campbell QC, Mr I Truscott, Advocate; Messrs Robin Thompson and
Partners and Messrs Allan McDougall & Co, SSC, both of Edinburgh.

Piper Disaster Group (comprising 154 firms of solicitors for the representatives of 142
deceased and 49 survivors; and the EETPU).

Mr R N M MacLean QC, Mr C M Campbell, Advocate; Messrs Balfour and
Manson, SSC, Edinburgh.

Occrdental Petroleum (Caledonia) Lid, Occidental Petroleum Corporation, Qccidental
Perroleum (Greatr Britain) Inc, Texaco Inc, Texaco Britain Litd, Union Texas
Perroleum Holdings Inc, Union Texas Petroleum Lid and LASMO (TNS) Lid
Mr ] L Mitchell QC, Mr D G Monaghan and Mr D W Batchelor, Advocates;
Messrs Paull and Williamsons, Advocates in Aberdeen.

Contractors’ Interests (representing the interests of 25 offshore contractors - Aberdeen
Offshore Services Ltd, Aberdeen Scaflolding Ltd, Bawden International Lid,
British Telecom PLC, Caleb Brett Internationa)l Ltd, Eastman Christensen,
Exploration Logging Ltd, W R Grace Ltd, Halliburton Manufacturing & Services
Ltd, Inspectorate (UK) PLC, Kelvin Carering Ltd, Leuven Services (Aberdeen)
Ltd, London Bridge Engineering Ltd, Macnamee Services Ltd, M1 Great Britain
Ltd, M B Services, McPherson Associates, Neyrfor UK Lid, N L Petroleum
Services (UK) Lid, Northern Industrial & Marine Services Ltd, Orbit Valve
Company Europe, Stena Offshore Ltd, Testwell Services Litd, Wood Group
Engineering Offshore Ltd, Wood Group Valve & Engineering Services Ltd).
The Dean of the Faculty of Advocates (Mr A C M Johnston QC), Mr R S Keen
and Mr H W Currie, Advocates; Mr D M G Russell of Messrs Simpson and
Marwick, WS, Edinburgh.

Score (UK ) Lid*

Mr M S Jones QC; Messrs McClure Naismith Anderson & Gardiner, Solicitors,
Glasgow.

Ingersoll-Rand Co Ltd*

Mr G N H Emslie QC, Mr P Atherton, Barrister and Mr J R Campbell, Advocate;
Messrs Lace Mawer, Solicitors, Manchester.

Dresser Rand (UK ) Lid*

Mr D J D Macfadyen QC; Mr J R Foster QC (of the English Bar), Mr J G Reid,
Advocarte; Messrs Elliott & Co, Solicitors, Manchester.

Allison Gas Turbine*

Mr F H Bartlit of Messrs Kirkland & Ellis, Attorneys, Chicago; Miss S Mason,
Attorney; Messrs Dundas and Wilson, CS, Edinburgh.
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Department of Energy and Deparvment of Transport

Mr J M McGhie QC, Dr Lynda Clark QC; Mr A Williams of the Office of the
Solicitor to the Secretary of State, Scorrish Office, Edinburgh.

United Kingdom Offshore Operators Association Limired#
Mr A R Hardie QC; Messrs McGrigor Donald, Solicitors, Glasgow.

Notes:

The symbol * denotes that the representation was during Parc 1 only of the
Inquiry. The symbol # indicates that the representation was during Part 2 only.

In addition to the above the following were permitted to appear at the Inquiry:-

Miss Verity Jenner of Messrs Raeburn Christie & Co, Advocates in Aberdeen,
on behalf of NUMAST, on day 56 for the interests of Mr ] W Sabourn; and
Mr N F Davidson, Advacate and Mr C R R Cowie of Macroberts, Solicitors,
Edinburgh, on days 64, 65, 66 and 129 for the interests of Texaco North Sea
(UK) Co Ltd.
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Appendix C

List of Witnesses in Part 1

N -

o VoW

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23,
24.

26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.

37.

AMAIRA,E Z
ANSTOCK, C

ASHBY, AR
ATKINSON, F H
BAGNALL, GH
BAKKE, ] R DR

BALFOUR, D DR
BALLANTYNE, R H
BARCLAY, R W

BARR, ]
BARRON, W P
BERRIFF, P
BETT, K E DR

BLAIR, D I
BODIE, A
BOLLANDS, G
BRADING, J E
BRADLEY, M ]
BRUCE, A C
BURNS, J
BUSBY,F
CALDER, H |
CAREY, R F
CARR, W H

CARROLL, A M
CARSON, G
CASSIDY, N G
CLARK, A G
CLARK, M R
CLAYSON, P G
CLAYTON, W F
CLEGG, M
COMMON, R M
CORMACK, E ]
COTTER, ] E
COX, R A DR

CRAIG, J A

Diver (Survivor)

Detective Inspector, Identification Bureau,
Grampian Police

Former Deputy OIM, MSV Tharos
Manager, Offshore Division, Lloyds Register
Lead Maintenance Technician, Occidental

Manager, Explosion Research Laboratories,
Christian Michelsen Institute, Norway

Director, Sieger Ltd
Electrician (Survivor)

Mechanical Fitter, formerly with Wood Group
Valve and Engineering Services Ltd

Diving Supervisor (Survivor)
Chargehand/Foreman Painter (Survivor)
Independent Television Producer

Senior Lecturer, Department of Chemical
Engineering, Imperial College, London

First Mate/DP Operator, MSV Tharos

Offshore Safety Superintendent, Occidental
Production Operator (Survivor)

Chairman, Occidental Petroleum (Caledonia) Ltd
Rigger (Survivor)

Valve Technician, formerly with Score (UK) Lid
Shift Supervisor - MCPO1, Toual Oil

Driller (Survivor)

Helicopter Landing Officer (Survivor)
Instrument Technician (Survivor)

Director, John Wood Group PLC and Wood
Group (Engineering) Ltd

Inspection Diver (Survivor)

Second Engineer/Medic, MV Silver Pit
Instrument Technician (Survivor)
Maintenance Leadhand (Survivor)
Chief Process Engineer, Occidental
Former Safety Superintendent, Occidental
Scaffolder (Survivor)

Master, MV Lowland Cavalier

Site Admunistrator (Survivor)

Police Constable, Grampian Police
Production Operator, Occidental

Consultant, formerly Chief Executive, Technica
Lcd, Consulting Scientists and Engineers

Valve Technician (Survivor)
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39.
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44,
45.
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47,
48.
49.
50.
51.

52.
53.
54.
55.
56.

57.
58.
59.
60.
6l.

62.
63.

64.
65.
66.
67.
68.
69.

70.
71.

72.
73.

74.

75.
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CROSS, J H
CUBBAGE, P A

CUNNINGHAM, K
DAVIDSON, J
DAVIE, R A
DAVIES, M E DR
DIXON, J P

DRYSDALE, D D DR

DRYSDALE, ]
DUGUID, I
DUTHIE, D
ELLINGTON, D
ELLIOTT, D
ELLUL,IR

ENNIS, S O
FERGUSON, I
FLAWS, W ]
FOWLER, I N
GIBSON, R

GOODWIN, B
GORDON, I M
GORDON, R McG
GORDON, T D
GRANT, P M

GRIEVE, E C
GRIEVE, ] H K DR

GRIFFITH, I L
GROGAN, G E
GUIOMAR, D
GUTTERIDGE, J L
HAFFEY, C A
HENDERSON, ] S

HENDERSON, T A
HENDRY, W T DR

HILL, D J
HODGSON, S A

HUTCHISON, E

JACKSON, B

Managing Director, RGIT Survival Centre Ltd,
Aberdeen

Consuitant Scientist, Cremer and Warner Ltd,
Consulting Engineers and Scientists

Diver (Survivor)

Operatuons Superintendent - Claymore, Occidental
Senior Consultant, Yard Lid

Managing Director, BMT Fluid Mechanics Led
Painter, formerly of Wood Group Engineering

Lecturer, Unir of Fire Safety Engineering,
University of Edinburgh

Production Operator, Occidental
Lead Roustabourt (Survivor)
Detecnive Sergeant, Grampian Police
Rigger (Survivor)

Foreman Rigger (Survivor)

Consultant Engineer, Scientific Software-
Intercomp (UK) Ltd

Master, MV Sandhaven
Mechanical Technician (Survivor)
Deck Foreman, MSV Tharos
Joiner (Survivor)

Construction Engineer, Coflexip (UK) Ltd - MV
Lowland Cavalier (Photographs)

Chargehand Rigger (Survivor)

Chief Inspecror, Grampian Police

Manager, Laoss Prevention Deparunent, Occidental
First Mate/DP Operator, MSV Tharos

Manager of Human Resources, Bawden
Internarional Ltd

Production Operator (Survivor)

Head of the Depariment of Forensic Medicine,
University of Aberdeen

Helicopter Pilot, British International Helicopters
Vice President Engineering, Occidental

OIM -MCPO1, Toral Oil

Toolpusher (Survivor)

Seaman, MV Silver Pt

Commandant, Offshore Fire Training Centre,
Montrose

Lead Operator, Occidental

Former Head of the Department of Forensic
Medicine, University of Aberdeen

Crane Operator {Survivor)

Flight Lieutenant - 202 Squadron, RAF
Lossiemouth

Naurtical Surveyor, Maritime Directorate,
Department of Transport

Rigger (Survivor)



76.

1.

78.
79.
80.
81.

82.
83.
84.
85.
86.
87.
88.
89.
90.
01.
92.
93.
94.
95.
96.

97.
98.

90.

100.
101.

102.
103.
104.
105.
106.

107.
108.
109.
110.

111.

112
113.
114.

115.

JEFFREY, P G
JENKINS, R D

JENNINGS, M H G
JOHNSEN, H K DR
JONES, | M CAPT
KERR, E R

KHAN, M R
KILOH, A J
KINRADE, D H
KONDOL, ] M
LAMB, C W
LAMBERT, D
LEEMING, ]
LETHAM, I
LETTY, A D MacK
LLOYD, P
LOBBAN, W J
LOCRWOOD, C
LYNCH, |
MACALLAN, J L
MCDONALD, A G

MCDONALD, J McG

MACDONALD,LMT

MCGEOUGH, F
MCGREGOR, R J
MACKAY, A J
MACKAY, T F
MCLAREN, W McI

MACLEAN,R MacK C

MACLEOD, SR
MCNEIL, D A DR

MCNEILL, J P

MACPHERSON, C A
MCREYNOLDS, AD
MARSHALL,] G DR

MAY, D J McD

MEANEN, J S
MENZIES,J AR H
MIDDLETON, A H

MIDDLETON, S ]

Consultant Engineer, Plessey Assessment Services
Lid

Senior Inspector, PED, Safety Inspectorate,
Department of Energy

Flight Information Logistics Officer (Survivor)
Managing Director, Perreco A/S, Norway
Managing Director, London Offshore Consultants

Radio Officer, British Telecom International, Wick
Radio Sration

Chemist (Survivor)

Deckhand, MV Silver Pit

Radio Operator (Survivor)

Deputy OIM, MSV Tharos
Mechanical Fitter (Survivor)
Scaffolder (Survivor)

Former OIM - Tartan, Texaco
Former Deck Hand, MV Sandhaven
OIM, MSV Tharos

Senior Electrical Engineer, Occidental
Warer Blaster (Survivor)

Lead Producrion Operator, Occidental
Lead Production Operator, Occidental
Production and Pipeline Manager, Occidental

Head of Telecommunications - North Sea,
Occidental

Rigger (Survivor)

Electronic Technician, UDI Group Ltd -MV
Lowland Cavalier (Photographs)

Safety Training Co-Ordinator, Qccidental
Mechanical Technician (Survivor)

Electrician (Survivor)

First Mate, MV Lowland Cavalier

Electrical Engineer Surveyor, Lloyds Register
Master, MV Loch Carron

Diving Superintendent (Survivor)

Senior Scientific Officer, National Engineering
Laboratory

Former Coxswain, MV Silver Pit
Master, MV Loch Shuna
Vice President - Operations, Occidental

Consulting Scientist, formerly with Burgoyne and
Partners

Senior Engineer for Pipelines and Structures,
Marine Department, Occidental

Scaffolder (Survivor)
Scaffolder (Survivor)

Noise and Vibration Consultant/Director, Anthony
Best Dynamics Ltd

Diver (Survivor)
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123.
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126.
127.
128.
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130.
131.
132.
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134.
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138.

139.
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148.

149.

150.
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MILLAR, A ]
MILLER, C A

MILLER, D A
MITCHINSON, W
MOCHAN, A H
MORETON, M D
MORTON, C I
MUIR, I F
MURPHY, P ]
MURRAY, ]

MURRAY, ]
NAYLOR, D E
NIVEN, C1
PALMER, A C DR

PARRYDAVIES, G P
PATERSON, E A MRS
PATERSON, R E
PATERSON, W N
PATIENCE, T A
PETRIE, J R

PILLANS, G P
PIRIE, A

PLUMMER, CD

POUNTNEY, R J
POWELL, A CM
PUNCHARD, E T R
RAE, S

RALPH, N E
RANKIN, A D
REID, M A
RICHARDS, G

RICHARDSON, S M
DR

RITCHIE, A
RITCHIE, A A

RITCHIE, C B
ROBERTS, G D

ROBERTS, K
ROBERTSON, G G

General Secretary, Professional DiversAssociation

Mobile Diving Unit Pilot, Aberdeen Offshore
Services - MSV Tharos (Photographs)

Security Manager, Occidental

Former Mate, MV Silver Pit
Superintendent Engineer (Survivor)
Production Supervisor - Tartan, Texaco
Master, MV Maersk Cutter

Former Second Mate, MV Loch Shuna
First Engineer, MSV Tharos

Helicopter Engineer, British Internarional
Helicoprters

Producrtion Operator, Occidental
Driller (Survivor)
Diver (Survivor)

Managing Direcror, Andrew Palmer andAssociates
Ltd, Consulting Engineers

Diver (Survivor)

Former Process Chemical Engineer, Occidental
Welder (Survivor)

Chief Engineer, MSV Tharos

Lead Safety Operator, Occidental

Director of Safety, PED, Safety Directorate,
Department of Energy

Senior Electrical Surveyor, Lloyds Register

Service Engineer, Wood Group Valve and
Engineering Services Ltd

Chief Engineer, Atkins Oil And Gas Engineering
Lid

Winchman - 202 Squadron, RAF Lossiemouth
Crane Operator (Survivor)

Diving Inspection Controller (Sutvivor)
Electrician (Survivor)

Foreman Rigger (Survivor)

Valve Technician (Survivor)

Lead Foreman (Survivor)

OIM(Back to Back) - Piper Alpha, Occidental

Senior Lecturer, Department of Chemical
Engineering and Chemical Technology, Imperial
College, London

Detective Superintendent, Grampian Police

Civil Engineer, Ritchie Sub-sea Engineering - MV
Lowland Cavalier (Photographs)

Managing Director, Score (UK) Ltd

Squadron Leader, RAF - Rescue Co-ordination
Centre, Edinburgh

Facilities Engineer - Tartan, Texaco
Safery Supervisor, Occidental



154.

155.
156.
157.
158.
159.
160.
161.

162.

163.

164.
165.
166.
167.
168.

169.
170.
171.

172.

173.
174.
175.
176.

177.
178.
179.
180.
181.
182.
183.
184.

185.
186.
187.
188.
189.
190.

191.
192.

ROBINSON, D T

ROGERS, T
ROWAN, C ]
RUSSELL, ] B
RUTHERFORD, ]
SABOURN, ] W
SANDLIN, S B
SAVILLE, G DR

SCANLON, T ]
SCILLY, N F DR

SCOTHERN, E
SEDDON, R H
SKIDMORE, M
SLAYMAKER, ] M
SMYLLIE, R |

SNEDDON, R G
STANDEN, R
STICKNEY, M E DR

STOCKAN, L W

STRACHAN, R DR
STREET, W R
SWALES, V
SYLVESTER-EVANS, R

TAIT, ]

TEA,D C
THOMPSON, D McR
THOMSON, M S
THOMSON, R G
THORNTON, P G
TODD,ACB
TUCKER, D M

TURNER, D ]
WATT, A
WATTS, P C A
WELLS, ] V
WHALLEY, D
WILLIAMSON, R

WOOD, AL
wWOOD, ] O

Barge Clerk/Helicopter Landing Officer, MSV
Tharos

Facilities Engineer, Occidental

Senior Diving Superintendent, StenaOffshore
Mechanical Fitter (Survivor)

Rigger, Wood Group Engineering Offshore Ltd
Former Master, MV Silver Pir

OIM - Claymore, Occidental

Deparunent of Chemical Engineering and
Chemical Technology, Imperial College,l.ondon

Offshore Superintendent, formerly with Wood
Group Engineering Offshore Lid

Princjpal Specialist Inspector, Technology
Division, Health and Safety Execurtive

Instrument Technician, Occidental

Senior Maintenance Superintendent, Occidental
Senior Facilities Engineer, Occidental
Production Operator, formerly with MB Services

Senior Engineer, Cremer and Warner Ltd,
Consulting Engineers and Scientists

Operations Superintendent, Occidenta)
Senior Physicist, NOWSCO Well Services Ltd

Senior Systems Engineer, Hughes Aircraft
Cotporation

Lead Process Operator, Flotta Terminal,
Occidental

Consultant, Aberdeen Industrial Doctors
Director, Hollobone Hibbert and Associates Ltd
Derrickman (Survivor)

Associate Director, Cremer and Warner Ltd,
Consulting Engineers and Scientists

Service Engineer, Score (UK) Ltd
Instrument Technician, Occidental

Rigger (Survivor)

Senior Engineer Surveyor, Lloyds Register
Industrial Cleaner (Survivor)

Assistant Firemaster, Grampian Fire Brigade
Maintenance Superintendent, Occidental

Fire and Loss Consultant/Senior Partner, Tucker
Robinson, Consulting Scientists

Managing Director, Camera Alive Lid
Valve Technician, Score (UK) Ltd
Chief Process Engineer, Kaldair Ltd
Diver (Survivor)

Team Leader, Score (UK) Ltd

Service Technician, Bran and Leubbe (GB) Ltd,
Pump Manufacturers

Fitter (Survivor)
Diving Technician (Survivor)
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193, WOOD, W P Ship Surveyor, Marine Directorate, Department of

Transport
194. WOTTGE, K R Facilities Engineering Manager, Occidental
195, WYNN, JP A District Staff Officer, HM Coastguard, Aberdeen
196. YOUNG, W H Instrument Technician (Survivor)

(Note: Three witnesses, MACKENZIE, I H - Scaffolder (Survivor), MILLER, H
J - Rigger (Survivor) and PAYNE, A G - Diver (Survivor), did not give
evidence at the Inquiry but their statements were read out by Counsel to the
Inquiry at the end of Part 1.)
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Appendix D

List of Reports by Experts Submitted in Evidence in Part 1

1.

Andrew Palmer and Associates Limited

“Damage to 4 inch condensate line in Module B of Piper Alpha Platform™ -
May 1989 - spoken 1o by Dr A Palmer

Anthony Best Dynamics Limited

“Investigation of noises heard prior to the first explosion” - September
1989 - spoken to by Mr A H Middleton

Atkins Oil and Gas Engineering Limited

“Study of Piper Alpha liquid carry-over to compressors scenario” - June
1989 - spoken to by Mr C D Plummer

BMT Fluid Mechanics Limited

“Airflow and gas dispersion study” - August 1989 - spoken to by Dr M E
Davijes

Bran and Leubbe

“Investigation of the stroke settings of the six-head methanol injection
pump’’ - September 1989 - spoken to by Mr R Williamson

Camera Alive Limited
“Report on analysis of polaroid photograph of flange™ - August 1989 - spoken

to by Mr D J Turner
Christian Michelsen Institute

7.1  “Simulation of gas explosions in Module C, Piper Alpha” - November 1988 -
spoken 1o by Dr ] R Bakke

7.2 “QGas explosion simulation in Piper Alpha Module C using FLLACS”» -
September 1989 - spoken to by Dr ] R Bakke

Cremer and Warner

8.1 ‘‘Preliminary review of potential causarion scenarios’’ - Japuary 1989

8.2 *“‘Possible explanations for the prolonged flaring and venting on the Piper
Alpha platform after the initial explosion’ - June 1989 - spoken to by Mr R
Smylie

8.3 “Report on scenarios put forward by the Department of Energy from scenario
C” - August 1989 - spoken to by Dr R Sylvester-Evans

8.4 “‘Review of evidence relating to the initial explosion on the Piper Alpha
platform on 6 July 1988 - spoken to by Dr P Cubbage
Department of Chemical Engineering and Chemical Technology,

Imperial College

9.1 “An appreciation of the operation of the reciprocating compressors used on
the Piper Alpha oil platform™ - June 1989 - spoken to by Dr K E Bett

9.2 “Hydrate formaton on Piper Alpha’ - June 1989 - spoken to by Dr S M
Richardson
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10.

11.

12,

13.

14,

15.

16.

416

9.3 ““‘Analysis of flows in Piper Alpha gas import and export lines” - June 1989 -
spoken to by Dr § M Richardson

9.4 “‘Autoignition in line to site of PSV 504 on Piper Alpha” - August 1989 -
spoken to by Dr S M Richardson

9.5 “Gas and liquid leakage from line 2-P-524-4"-F15” - September 1989 -
spoken to by Dr S M Richardson

9.6 “‘Repressurisation of lines associated with condensate injection pump 2-G-
200A on Piper Alpha” - June 1989 - spoken to by Dr G Saville

6.7 “Leakage from line 2-P-524-4"-F15 to site of PSV 504 on Piper Alpha” -
August 1989 - spoken to by Dr G Saville

0.8 “Hydrate/ice formation and occurrence of low temperatures in flare, vent
and recycle lines on Piper Alpha” - September 1989 - spoken to by Dr G
Saville

9.9 ““Hydrate formation downstream of Joule-Thomson valve PCV 721" -
September 1989 - spoken to by Dr G Saville

9.10 “Overpressurisation of condensate injection pump 2-G-200B and associated
lines on Piper Alpha® - September 1989 - spoken to by Dr G Saville

9.11 “Failure pressures in discharge and safety valve lines from pump 2-G-
200B” - September 1989 - spoken to by Dr G Saville

Department of Fire Safety Engineering, University of Edinburgh

“Review of evidence relating to the development of the fire which followed
the initja) explosion in module C” - August 1989 - spoken to by Dr D
Drysdale

Department of Forensic Medicine, University of Aberdeen

“Statement by Head of Deparvment of Forensic Medicine, University of
Aberdeen’ - August [989 - spoken to by Dr W T Hendry

Dr J] G Marshall

“The Piper Alpha disaster - a preliminary report on the potential sources of
ignition” - spoken to by Dr ] G Marshall

Health and Safety Executive

13.1 “An assessment of the explosion effects, and conditions likely to give rise 10
such effects, on the Piper Alpha production platform™ - August 1988 -
spoken to by Dr N F Scilly

13.2 ““An assessment of the explosion effects, and conditions likely to give rise to
such effects, on the Piper Alpha producuon platform - Supplementary
report”’ - May 1989 - spoken to by Dr N F Scilly

Hollobone Hibbert and Associates Limited

“Feasibility of the recovery of subsea wreckage from Piper Alpha’ - January
1989 - spoken to by Mr W R Street

Hughes Training and Support Systems Group

“Report of photograph processing and enhancement” - July 1989 - spoken
to by Dr M F Stickney Jr

Kaldair

“Technical study of the flare performance during the Piper Alpha incident’ -
February 1989 - spoken 10 by Mr P C A Watts



17.

18.

19.

20.

21.

22.

23.

24.

25.

London Offshore Consultants

“Preliminary report on the adequacy of the investigation and subsequent
report by Hollobone Hibbert and Associates Ltd entitled ““‘Feasibility of the
recovery of subsea wreckage from Piper Alpha” >’ - February 1989 - spoken
to by Captain | M Jones

National Engineering Laboratory

18.1 ‘“‘Leakage evaluation tests on a weld-neck flange and blind flange assembly
in connection with the Piper Alpha Public Inquiry investigation” - July
1989 - spoken to by Mr R A Davie

18.2 “Assessment of the NEL flange leakage experimental results taken in
connection with the Piper Alpha Inquiry”’ - September 1989 - spoken to by
Dr D A McNeil

Nowsco Well Service (UK) Limited

“Leakage and related effects from a pipe under pressure’ - spoken to by Mr
F Standen

Petreco

“Investigation into hydrate properties and their possible formation within
the Piper Alpha production process’ - September 1989 - spoken o by Dr
H K Johnsen

Plesscy Assessment Services

“Piper Alpha liferaft investigation™ - April 1989 - spoken to by Mr P G
Jeffrey

Scientific Software-Intercomp

“Hydraulic study of pipelines associated with the Occidental Piper Alpha
platform’’ - December 1988 -~ spoken to by Dr I Ellul

Sieger Limited
‘““Report on gas detection’ - spoken to by Dr D Balfour

Technica, Consulting Scientists and Engineers

24.1 “Investigation of blast resistance of firewalls” - August 1988 - spoken to by
Dr R A Cox

24.2 *“Invesrigation of blasr resistance of firewalls - Supplementary Report” -
May 1989 - spoken to by Dr R A Cox

24.3 “Extent of damage caused by the initial explosion and probable effects on
critical systems” ~ June 1989 - spoken to by Dr R A Cox

24.4 “Projectile effects of firewall disintegration’ - June 1989 - spoken to by Dr
R A Cox

24.5 “Investigation of failure times of Tartan gas riser due 10 varying heat loads”’ -
June 1989 - spoken to by Dr R A Cox

Tucker Robinson

“Report on the examinacion of the fire and smoke damage in Piper Alpha
accommodation modules, east replacement quarters and additional accommo-
dation west” - June 1989 - spoken to by Mr D M Tucker
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Appendix E

List of Witnesses in Part 2

(and the subject matter of their evidence)

1.

11.

12.

ADAMS, A ]

ALLEN, C S

ASHWORTH, M

BANKS, R P

BAXENDINE, M R

BOOTH, M ]

BRANDIE, E F

BROADRIBB, M P

CHAMBERLAIN, G A
DR

COX, R ADR

CUNNINGHAM, AW T

DALZELL, G A

Principal Pipeline Inspector, Safety Directorate of
PED, Department of Energy
Pipeline Isolation Systems including Subsea
Valves

Head of Alwyn Safety, Total Oil Marine PLC
Application of Computers to Permit to Work
Systemns for Offshore Instaliations

Senior Countrol Engineer, BP International
Process Control and Emergency Shutdown
Systerms

Supervisor of Engineering Design and
Construction, Chevron (UK) Lid
The Qualifications and Qualities required in an
Offshore Maintenance Supervisor

Offshore Installation Manager, Shell (UK)
Exploration & Production Ltd
Command Structure in an Emergency

Head of Operations Safety, Shell (UK)
Exploration & Production Ltd
Escape Routes to the Survival Craft and the
Helideck on Ofishore Installations

Safety and Compliance Manager, Chevron (UK)

Ltd, Chairman of UKOOA Fire Protection

Working Group, representative of CBI on OIAC
Factors for Enhancing the Integrity of Offshore
Safe Haven Areas. An Alternative to Standard
Firewater System Designs for UK Sector
Offshore Installations

Central Safety Engineering Superintendent, BP
Exploration
Subsea Isolation Valves - The BP Approach

Technical Leader of Explosion Protection Review
Task Force, Shell (UK) Exploration & Production
Ld
The Nature and Miugation of Vapour Cloud
Explosions

Consulting Engineer, formerly Chief Executive of
Technica Ltd
Overview of Quantified Risk Assessment

Occupational Health and Safety Officer, EETPU
Safety Representatives

Fire and Safety Engineer, BP International,
Member of UKOOA Fire Protection Working
Group
The Prevention of Smoke Ingress into Offshore
Accommodation Modules
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
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DANIEL,JJ S

DAVIES, GH

DAY, ]

DE LA PENA, M

DFENTON, A A DR

DOBLE,P A C

DREW, B C

ELLICE, K A]

ELLIS, A F DR

EVANS, J D

FERROW, M

FLEISHMAN, A B

GILBERT, R B DR

GINN, M C CAPT

GORSE, E ]

HEIBERG-
ANDERSON, G

Director, Hollobone Hibbert & Associates Ltd,
Chairman of the Standby Ship Operators
Association Ltd

Standby Vessels

Area Director, Health and Safety Executive,
Merseyside & Cheshire Area
Permits to Work

Head of Elecrrical Engineering, Shell Exploration
& Producrion Ltd, Member of UKOOA Electrical
Sub-commitree

Electrical Power for Emergency Systems

Divisional Director, Environmental & Safety
Products Djvision, Dowty PLC
Smoke Hoods

Chairman, Noble Denton International Ltd, Vice
President of the Insticution of Mechanical
Engineers

Quality Management Systems

Deputy Project Manager, Kittiwake Project, Shell
(UK) Exploration & Production Ltd
The Means of Prevenring and Mitigating the
Effects of an Explosion - Kittiwake Project

Chief Surveyor, Marine Directorate, Department
of Transport
Code for Assessment of the Suitability of
Standby Vessels

Training Manager, BP Exploration
Training of Offshore Installation Managers

Depury Chief Inspector, Technology Division,
Health & Safety Executive
Quanrified Risk Assessment - HSE’s View

Research & Development Manager, MSA (Britain)
Ldd
Smoke Hoods

Manager, Safety & Quality Assurance, Conoco
(UK) Led
The Offshore Safety Regime and Formal Safery
Assessments

Senior Safety Technologist, Group Safety Centre,
BP International
Gyda Safety Evaluarion

Chief Engineer, Nelson Project Team, Shell (UK)
Exploration & Production Ltd
Subsea Valves

Principal Air Transport Officer, British Gas PLC,
Chairman of UKOOA Aircraft Committee
The use of Helicopters in Offshore Evacuation

Principal Inspector, Safety Directorate of PED,
Department of Energy
Formal Safety Assessments

Platform Manager, Gullfaks C, Srtatoil, Norway
The Means of Ensuring Safe and Full
Evacuation - The Statoil Approach, The
Control of the Process



20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

HIGGS, F

HODGKINS, D ]

HOGH, M S bR

JONES, M ]

KEENAN, ] M

KELLEHER, T W

KINLOCH, D S

KYLE, SR

LIEN, E

LITTLEJOHN, I |

LYONS,R A

MCINTOSH, AR

MCKEE, R E

MACEY, M

MATHESON, A B MR

MARSHALL, V C DR

National Secretary of the Chemical, Oil & Rubber
Group, Transport & General Workers’ Union
The Offshore Safety Regime

Director of Safety and General Policy Division,
Health and Safety Executive
The Agency Agreement between the Health and
Safety Commission and the Department of
Energy

Manager Projects and External Aflairs, Group
Safety Centre, BP International
Overview of Use and Value of Quantified Risk
Assessment

Training Officer, Central Training Division, BP
Exploration
Development of Craft Training Scheme

Assistant General Secretary, Banking Insurance &

Finance Union, formerly District Officer,

Transport & General Workers’ Union, Aberdeen
Standby Vessels

Fire and Safety Engineer, Shell Exploration &
Producrion Ltd, Project Manager of Department
of Energy/UKOOA Research Projects on
Evacuation by TEMPSC

Survival Craft and Free Fall Lifeboats

Offshore Installation Manager, Conoco (UK) Ltd
Independent Actions during Emergencies,
Permit to Work Procedure

Environment and Safety Co-ordinator, Brae

Operations, Marathon Oil (UK) Ltd, Chairman of

UKOOA Working Group on Permits to Work
Permit to Work Procedure

Technical Dicector, Selantic Industrier as, Norway
Skyscape Offshore Emergency Evacuation
System

Process and Maintenance Engineering Group
Supervisor, Amoco (UK) Exploration Ltd
The Qualifications and Qualities Required in an
Offshore Supervisor

Assistant General Secretary, Manufacturing,
Science & Finance Union
The Offshore Safety Regime

Principal Inspector, Safety Directorate of PED,
Department of Energy

Protection against Fire and Explosion
Chairman and Managing Director, Conoco (UK)
Ltd

Managing Safecy
Director, Maritime Rescue Services Ltd
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Appendix F

Supplementary Material on Chapter 3

F.1l A description of the Piper Alpha plaiform was given in Chaprer 3. Further
information on certain dertailed features is given here.

Centrifugal compressors

F.2 There were 3 parallel centrifugal compressor trains. The A train consisted of
a sucrion scrubber, a centrifugal compressor, 1-K-105A, a gas cooler, and a discharge
scrubber; the B and C trains were similar. Each compressor together with its curbine
was housed jn its own separate compartment at the extreme east end of C Module
and the associated equipment was located on the centrifugal compressor gas skid
inboard of the compressors themselves.

F.3 The function of the suction scrubber was 1o remove any condensate droplets
not removed in the condensate knockout drum and carried forward. In normal
operation there would be virtually no condensate removed at this point. Condensate
would be formed, however, following compression and cooling and this condensate
was remnoved in the discharge scrubbers. There was a level controller on each discharge
scrubber.

F.4 Each compressor was driven by its own gas turbine. Air entering the first
section, the gas generator, was compressed, fuel gas was then injected and the resultant
muixture burnt and then expanded through 2 sets of turbines, the first ro drive the air
compressor just referred to, and the second, the power turbines, to drive the centrifugal
compressors. The exhaust gases from these turbines were vented through tall exhausts
at the east face of the module. The rurbines were supplied with fuel gas from the fuel
gas system. The fuel gas line within the turbine compartment included a hose section.

F.5 The compressor trains were equipped with gas operated valves (GOVs) 1o allow
them to be shut in. There were a considerable number of trips on the wurbines or the
compressors themselves, including high gas discharge temperature; high suction and
discharge scrubber levels; bigh and low fuel gas pressure; enclosure high temperature,
fire and gas (50°, LEL); seal and lube oil systems; and vibration. There was a seal oil
system on each compressor to prevent gas escaping. On shutdown of the compressor
the seal oil system would also shut down, though after a ume delay. If the compressor
was still pressurised, gas could escape and therefore on shutdown the compressor was
automatically vented. There were recycle loops on the compressors and anti-surge
controls to maintain the flow of gas through the machines by recycling and thus
preventing them going into surge conditions.

F.6 Each compressor set was housed in an individual enclosure, made of steel sheet,
the gas turbine and the compressor being in separate compartments of the enclosure,
separated by a bulkhead, wicth the turbines outboard. The turbine compartment had
double doors on the south side and the compressor compartment a single door also
on the south side. The controls for the compressor, and its turbine, were on a local
control panel, which was situated on the west side of the enclosure.

F.7 The turbine air intakes and exhausts and the enclosure ventilation are shown
»n Fig F.1. Air was drawn in to the turbine intakes through filter-silencer units with
inlecs located on both north and south sides at the east end of the turbine compartment.
Burnt gas passed ourt through the exhausts, the outlets of which were high up, facing
east, on the ecast side. Air for the ventilation of both rurbine and compressor
compartments was taken in ar a south-facing intake at the east end of the enclosure.
The source of this air was outside the module and from a safe area. Ventilation air
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from the turbine compartment passed out through a duct which rerminated on the
east side, while air from the compressor compartment passed out into the module
through louvres on that compartment.
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Fig. F.] Ventilation system of the centrifugal compressor and gas turbine enclosures.

F.8 The ventilation system was designed to trip if the compressors stopped, bur it
was fitted with a time delay relay which permitted the ventilation to continue running
for 2 hours after the turbine and compressor were shut down. However, if the gas
detector at the ventilation air inlet registered a high gas alarm, both the compressor
and ventilation systems would shut down immediately. The setting of this alarm was
said to be 50%, LEL, as for the turbine and compressor compartments, but this was
not confirmed.

F.9 The compressor enclosures were about 10 ft high and stood on the solid deck
of the module. There was a grating 2 ft above the deck and around the compressor
set enclosure. Abourt 3 ft to the west of the centnifugal compressor enclosure the solid
deck sloped up and joined the grating. It then ran at that level vunul it reached the
reciprocating compressors, after which it dropped 2 ft again and continued thus to
the west side. Therc was no connection through which gas could flow at deck plate
level from the east to the west side, because of the rise part way through the module.
There was a half-door, starting at 3 ft and ending at 10 ft up, between the compressor
enclosure and firewall on compressor C and between the 2 enclosures of C and B
compressors, at the east end of the rturbine filter-silencers and another door at the
west end of these; the arrangements between the other compressors were not explored.
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Reciprocating compressors

F.10 There were 2 parallel trains of reciprocating compressors with first and second
stage compression. The first stage of the A rrain consisted of a suction scrubber, a
reciprocating compressor, 1-K-103A and a gas cooler. The second stage of the A train
consisted of a suction scrubber, and a reciprocating compressor, 1-K-103A (again);
there was no gas cooler. The B train was similar. These compressors were located in
the middle of C Module.

F.11 Following first stage compression the gas followed different paths, depending
on whether the operational mode was phase | or phase 2, but in both cases it then
entered the suction of che second stage.

F.12 The 2 stages of compression in each train were performed by a single machine.
These were large machines: the motor and machine together were said to be about 35
ft long and the machine itself weighed some 70 tons. The associated equipment was
located around the compressors. Each compressor was driven by an electric motor.
The compressor consisted of 6 cylinders: 3 on the first stage and 3 on the second; the
cylinders were double-acting. Each machine was oriented with its frame end to the
south.

F.13 On each compressor train there were GOVs to allow it to be shut in and a
number of trips which would operate to shut down and isolate the machine. There
was a recycle loop around the first stage of each compressor and 2 recycle loops around
the second stage, one through GOVs 903 and 905 and one through PCV 746. Some
of the cylinders on each compressor were fitted with an unloader, a device which holds
open one of the valves and thus prevents compression occurring. On the first stage
the ends of the cylinder near the frame could not be unloaded burt the outboard ends
could. On the second stage 2 of the 3 cylinders could be unloaded on the outboard
ends, but 1 cylinder could not be unloaded at all. The ability to unload and recycle
gas around the compressors gave the flexibility to operate at low gas flows and 1o
reduce the flow of gas going forward and the condensate produced. The conrtrols for
unloading and recyvcling were beside the machines in C Module. Unloading 2
compressor and putting it on recycle involved switching 7 switches: 3 unloaders and
a recycle valve for the first stage, 2 unloaders and a recycle valve for the second.

F.14 In phase 2 operation the first stage reciprocating compressor capacity could
be boosted by the use of the reciprocating compressor, 4-K-803, the SEPCO, or
Worthington, compressor, located in the GCM, which was operated in paralle] with
the other 2 machines. Gas was taken to this compressor from the centrifugal compressor
discharge and was discharged by it to the inlet of the molecular sieve driers, where it
joined the gas from the first stage of the other 2 reciprocating compressors. The
SEPCO compressor was used mainly as a back-up.

JT flash drum and other condensate collecting vessels

F.15 Condensate in the gas leaving the separators was knocked out in the condensate
knockour drum and pumped back to the separators by 2 condensate transfer pumps.
There was a high level trip on the drum, which would shut the ESVs at the inlet of
the separators, to prevent carryover of condensarte into the flare system. The condensate
knockout drum was located north of the test separator at the east end of B Module
and the condensate transfer pumps were next to the drum.

.16 The condensate suction vessel, 2-C-202, collected condensate from the
centrifugal compressor suction scrubbers. The level of condensate in the vessel was
controlled by level control valve LCV 725. The condensate passed to the JT flash
drum, entering the inlet pipe just downstream of the JT valve. The condensate suction
vessel was located at the 68 f1 level between the JT flash drum and the condensate
injection pumps. The vessel was positioned as close to the ceiling of this level as
possible in order to provide maximumn net positive suction head to the condensate
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booster pumps. There was a balance line from the top of the condensate suction vessel
to the header for the centrifugal compressor discharge scrubbers. The JT valve was
in the ceiling of the 68 ft level ar the extreme cast side.

F.17 The JT flash drum, 3-C-701, located on the 68 ft level, was a condecnsate
knockour and surge vessel which bad somewhart different functions in the 2 modes of
operation. In phase | operation it operared at a pressure of 665 psia and received
condensate from the JT valve, PCV 721, and from the condensate suction vessel. The
gas from the drum then passed to the suction of the second stage reciprocating
compressors and the liquid to the condensate pumps. Somewhat more than haif the
condensate entering the drum came from the JT valve. A pressure differential of sorne
30 psi was maintained between the condensate sucuon vesse! and the JT flash drum
by differential pressure control valve DPCV 723A,B which controlled a flow of gas to
flare. The pressure differential allowed condensate 10 flow from the condensate sucrion
vessel 1o the JT flash drum. This vessel acted as a surge tank supplying the condensate
purmnps. The level of condensate in the drum was maintained by a level controller
which controlled the speed of the condensace injection pump. There was a low level
trip on the drum which stopped the condensate imjection pumps to protect them
against operarnion without any liquid intake. There was also a high level alarm, but no
trip. This alarm was displayed on the local control panel and also as a common alarm
in the Conrtrol Room.

F.18 In phase 2 operation the JT flash drum acted simply as a surge vessel for the
condensate pumps and operated at a lower pressure, about 260 psia, and at 57°F. The
JT valve was closed but served as a pressure relief valve to flare. DPCV 723A,B was
set up in a different mode to act as a pressure control valve rather than as a differential
pressure control valve.

Condensate injection pumps

F.19 Condensate from the JT flash drum was pumped into the MOL by a pair of
condensate booster pumps in series with a pair of condensate injection pumps. The 2
condensate booster pumps, 3-G-701A,B, were centrifugal pumps; they raised the
pressure to 670 psia and discharged to a common header. There was normally one
pump operating and ope on standby.

F.20 The condensate then entered the condensate injection pumps, 2-G-200A,B,
shown in Fig J.9. The condensate injection pumps were single-acting, reciprocating,
positive displacement pumps driven by an electric motor through a variable speed
drive. They were supplied by Thyssen Maschinenbau Ruhrpumpen. The pump
package consisted of an injection pump, an electric motor, a torque converter, a
reduction gearbox, a control panel and a lubricating oil system; the torque converter
was also referred 10 as the Voith coupling. The pumps had common suction and
discharge headers.

F.21 Each condensate injection pump consisted of 3 horizontal cylinders, pistons,
inlet and outler valves, and suction and discharge manifolds. The reciprocating acrion
alternately raised and lowered the pressure in each cylinder, causing it 1o fall below
that in che suction header and draw in condensare through the suction valve and then
raising it above the pressure in the discharge line into which it then flowed through
the discharge valve; the 2 valves were spring-loaded to close.

F.22 The pump motor was a 500 hp constant speed induction motor with a nominal
full load speed of 1725 rpm. The output shaft of this motor entered a torque converter.
The output shaft from this converter passed into a gearbox which effected a 12.5:1
reduction in the rotational speed. The output shaft from this gearbox then drove the
crank on the pump. The maximum pump speed was therefore 138 rpm. The torque
converter, or Voith coupling, was a device by which power was transmitted from a
driven inpurt shaft to an output shaft by rransfer of fluid between an impeller on the
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input shaft and a turbine wheel on the output shaft. The amount of torque transmitted
was controlled by guide vanes which adjusted the flow of the fluid.

.23 The pump speed, and hence pumping rate, was controlled by level controller
LIC 720 on the JT flash drum. There was a selector switch on condensate control
pane] JCP 057 which allowed control to be exercised instead by the level controller
of the condensate suction vessel, but it appeared to have fallen into disuse. The level
controller altered the set point of the speed controller SC 501 on pump A or SC 502
on pump B; the speed controller then altered the guide vane setting of the torque
converter. Panel JCP 057 was located just to the east of A pump.

F.24 Each pump was provided with an isolation or shutdown GOV on the inler and
another on the outlet, the suction and discharge valves on A pump being GOV 5005
and GOV 5006 and those on B pump being GOV 5007 and GOV 5008, respectively.
On the suction side there was a manual isolation valve upstream of the GOV and a
pulsation dampener downstream of it. On the discharge side there was a pulsation
dampener, a high pressure trip and then an NRV upstream of the GOV.

F.25 The function of the GOVs was 1o effect automaric isolation of the pump. The
valves were pneumatically operated ball valves, the suction valve being 8 inch and the
discharge valve 6 inch. Each valve was an air-to-open valve which would close on loss
of air pressure.- The pumps had a number of trips which would cut off power to the
motor. There were trips on low suction pressure, high discharge pressure, lube oil
failure, seal failure, high motor winding temperature, high motor or pump bearing
temperature and high vibration. A pump trip would also cause closure of the GOVs,
thus isolating the pump. If a pump trip occurred so that the GOVs closed, it was
necessary in order to restart the pump to reset the GOVs, This was done from panel
JCP 057.

F.26 The function of the pulsarion dampeners was to smooth out the pressure
fluctuation caused by the reciprocaring acuon of the pumps. They were essentially
spherical vessels divided by a rubber diaphragm, which in normal operation was
precharged on the upper side wich nitrogen. Both suction and discharge dampeners
had a volume of 75.7 litres.

F.27 There were 2 methods of electrical isolation of the pumps: locking off and
racking out. Locking off involved locking off the isolation switch for the pump; the
power from the 120 V AC UPS to pane! JCP 057 remained on. Racking ourt involved
pulling out the switchgear rather like opening the drawer of a filing cabinet; this cut
off power 10 the panel. There was a manual pilot latch valve, or push-pull button,
supplied by the power supply to JCP 057, which could be used to open the GOV. If
there was power to the panel, the pilot latch valve when pulled would remain out,
whilst if there was no power, it would not, and would need 10 be held out.

TF.28 The pump local control panels JCP 043 and 044 were locared at the north-
east corner of each pump. The pump start buttons were at these panels. The suction
and discharge GOVs on each pump were both on its south side, the discharge valve
1o the west of the suction valve, the 2 valves being about 2 ft apart. The push-pull
buttons for the 2 valves were near the discharge GOV. Each pump had a lube oil
package. Local alarms for the lube oil system on each pump were given on its local
control panel.

F.29 There was no local alarm indication for low suction pressure or for high
discharge pressure, either on panel JCP 057 or the local pump panels.

F.30 The discharge manifold was integral with the pump itself. The discharge line
was taken off one side and the relief line off the other. In the original design the
pressure safety valve was mounred on rhe pump itself, but as installed the PSV was
on a relief line, as described below.
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F.31 The pressure safety valves PSV 504 and 505, on pumps A and B respectively,
were located in C Module. It was understood that the PSVs had been arranged in this
way to prevent water reaching the valve and causing corrosion. There were manual
isolation valves on the discharge lines from the PSVs. These lines then entered a
common line, which had another manual isolation valve on it and which rerurned to
the condensare suction vessel.

F.32 The relief line from the A pump to PSV 504 was line 2-P-524-4"-F15, The
line coding indicates that the pipe was 4 inch diameter and pressure raring F15, which
was the Bechrtel code for a 900 lb raung. The corresponding working pressure was
2160 psi. The rating of the pipework flange on the upstream side of PSV 504 differed
between drawings, being in some cases F15 and others G15, corresponding to 600 lb
and 1500 Ib raring, respectively.

F.33 Condensate from the discharge header of the condensate injection pumps
passed through PCV 511. The purpose of this valve was to maintain a pressure
sufficient o prevenr flashing off of the condensate if the pressure in the MOL fell,
essennally a pressure greater than that in the JT flash drum. PCV 511 was located
towards the west end of the 68 ft level.

F.34 The volume of the pump system when shut in by the GOV, taking account
of the volume of the pulsation dampeners, comprised the volume of the pipe between
the suction GOV and the pump, that of the pump irself, that between the pump and
the discharge GOV (or strictly the NRV) and that of the relief line, and was some 400
litres. For a condensate density of 500 kg/m?, the mass of condensate shut in would
be 200 kg.

Methanol injection system

F.35 The main methanol injection pump, 3-G-702, was a 6-head injection pump
and was located on the skid deck to the east of the drilling derrick and north of the
deoxygenation towers. Plate 25(b) shows a photograph of the front view of the pump
taken ar Peterhead. For the installed pump this was the view looking north. The
methanol supply came from a methano! tank, 2-C-201, which had a capacity of about
600 gallons and was kept filled from transportable containers. There was in addition
an air-driven methanol pump, 2-G-201, the so-called “‘windy’’* pump, which supplied
a further set of injecrion points. There were also 2 pneumatic pumps, the Williams
pumps, which could be connected for use as back-ups. The location of the methanol
injection points on the plant is shown in Fig ]J.8. On 6 July there were 2 injection
points upstream of the JT valve, one the normal injection point fed from the main
merthanol pump head D and one a temporary injection point fed by a hose from head

E.

Gas flaring

F.36 Gas bertween the production separators and rthe inlet of che centrifugal
compressor system could be sent to flare through PCV 51/1,2. Gas from the outlet of
that system could be sent to flare through PCV 1000A,B. There was at the same point
a take-off of gas for fuel gas. Gas between the JT flash drum and the second stage
reciprocating compressor system could be sent to flare through DPCV 723A,B. Gas
from the second stage reciprocating compressors went 3 ways; o serve as lift gas,
MCP-01 and through PCV 945 1o flare.

Control Room
Condensate tnjection pump displays and alarms

F.37 The status of the condensate injection pumps was indicated in the Control
Room by lights on the mimic panel. There were 2 status lights, a red running light
and a green shutdown light, and normally one or other of these lights would be on.
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There was also on the mimic panel an amber alarm light which came on whenever
there was a change in the status of a pump. For example, the amber light would come
on if the pump was running and then stopped. In this case the green stop light would
also come on. If the operator accepted the alarm, the buzzer would cease and the
amber light would stop flashing. If he tried to reset the alarm, the amber light would
still remain on because the alarm condition still existed. The amber light might remain
on even if equipment was electrically isolated, because it had a separate electrical
supply. The effect of stopping the pump and effecting electrical isolation by locking
off a pump would be that the red running light would go out and the amber stop light
would appear on the mimic panel. The effect of stopping the pump and effecting
isolation by racking out would be to extinguish both red and green lights. The amber
light would be illuminated when the pump stopped but would go out if the alarm
were accepted and reset. An amber light on a pump could mean one of 3 things: that
the pump had stopped; that it had been isolated by locking off; or that it had been
1solated by racking out and that the alarm had not yet been reset.

Electrical supply system
Uninterrupted power supplies

F.38 Tables of the items supplied by the UPS systems were given in the Petrie
Report (Tables 1-4). These had been reviewed by Occidental and were confirmed to
be comprehensive. The items supplied by the D Module 125 V DC UPS are shown
in Table F.1. They included emergency lighting in the accommodation and the HVAC
system and dampers. They also included post Jube oil pumps which supplied lubrication
during the rundown period of certain items of rotating equipment. Table F.2 lists the
items supplied by the D Module 120 V AC UPS. They included the general
alarm/personal address (GA/PA) system and emergency telephones as well as the F&G
system, which also included the solenoid valves for automatic activation of the fire
water deluge sets. There were 2 further UPSs in the Utility Module, a 125 V DC and
a 120 V AC UPS. The items supplied by these are listed in Table F.3.

Hazardous area classification
F.39 For the purposes of hazardous area classification the codes define 3 zones:

Zone O - A zone in which an explosive atmosphere is continuously present or
present for long periods.

Zone 1 - A zone in which an explosive atmosphere is likely 1o occur in normal
operation.

Zone 2 - A zone in which an explosive atmosphere is not likely to occur in normal
operation and if it does will only exist for a short time.

A safe area is one in which an explosive atmosphere is not expected to occur. Hazardous
area classificarion does not fully protect against ignirion of a large leak, which may
find an ignition source beyond the classified area.

F.40 Electrical equipment for use in Zones 1 or 2 is designed so that it does not
constitute a source of ignition. The standard of safeguarding applicable to Zone 2 is
lower than that applicable 1o Zone 1, because risk of a flammable mixture being present
is less.

F.41 Diagrams showing the hazardous area classification of the plarform were
presented. On the production deck A-C Modules were Zone 2 areas, except for a srnall
Zone 1 area in B Module near the production header, but for C Module the walkways
at both the west and east ends and the air intakes of the centrifugal compressor
turbines at the latter side were safe areas. D Module was a safe area. Most of the 68
ft level was a Zone 2 area, except for small safe areas at the north landing on the west
side, the north-west corner, the north-east corner, and for part of the produced water
area on the east side.
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Gas detection system

F.42 The gas detecrion system is described in outline in Chaprer 3. Furcher details
are given here on the gas detecrion system in C Module with special reference to the
information necessary to interpret the cvidence on the gas alarms, including that
bearing on the time dclay of the detectors and the possibility of a detector not
registering the gas cloud. Evidence on the gas detectors was given by 2 of the Occidental
technicians responsible for the F&G detecrion system, Mr E Scothern and Mt D C
Tea, and a representative of the gas detector manufacturers, Sieger Ltd, Dr D Baifour.

Location of gas deteciors

F.43 The location of the gas detectors in C Module 1s shown in Fig J.10 and in
Table F.4. On the height of gas detector G101/2 there was a conflict between the
evidence of Mr Scothern and Mr Tea, the former putting it near the roof and the
latter some 2-3 ft above floor level. Counsel to the Inquiry submitted that in so far as
Mr Scothern had not been dealing with the system since 1987, whereas Mr Tea had,
the latter’s cvidence was 1o be preferred.

Types of gas derector

F.44 The gas detectors were Sieger detectors types 770, 780 and 910. Type 910
was the most modern type and it was policy to replace any detector which fell to be
replaced with this type. The fearures of the types 780 and 910 detectors were described
by Dr Balfour. The principle of operation of the sensor was the catalytic oxidarion of
the hydrocarbon gas on a caralyst bead and the measurement of the change in resistance
of the bead caused by the heat evolved in the reacrion. The gas passed to the sensor
through a sinter filter. The detector was held in a weather protecuion housing.

Composition and LEL of polential gas leaks

F.45 The streams which had potential 1o leak into rhe module were essentially
nacural gas and condensate. These are often approximared by methane and propane,
respectively. The LELs of methane and propane are 5% and 2.1Y%,. The actual
compositions of the hydrocarbon streams ar the suction of the first stage of the
reciprocating compressors and of the second stage of the reciprocaring compressors
and at the discharge of the condensate injection pumps as given by Dr Balfour are
shown in Table F.5. The LEL of a gas mixture may be estimared using the Le
Chartelier equartion. Dr Balfour’s estimates using the Coward and Jones form of this
equation were 3.54°,, 3.81°%,, 2.16%, and 2.34",, for streams at positions 170, 220
and 350, cases A and B, respecrively. It may be noted thart the LEL 2.16°; for the
stream at position 350 for case A is very close to the LEL of 2.1%; for propane.

Gas detector sertings

F.46 The gas derectors were calibrated for methane but were used to detect other
hydrocarbons also. The Jow alarm setring was 159, of the LEL for methane and the
high alarm setting 75°, of the LEL. For methane these settings therefore correspond
to concencrations of 0.75%, and 3.75°,, respectively. On a gas detector calibrated to
read 1009, full scale for 100¢, LEL of methane, the gas stream at position 350 wouid
read 64.5°, and 69.3°, fuli-scale for cases A and B, respecrively.

Gas detector dynamic response

F.47 There is a small time lag before a gas derector registers the gas concentration
to-which it is exposed. This lag is often characterised by the response time, the time
for the reading to rise to 90°, of its final value when subjected 1o a step change in the
concentration. Dr Balfour gave the response times of the type 780 sensor as 19 and
24 seconds for methane and butane and those of the 910 sensor as 22 and 27 seconds
for these 2 gases, respectively. An alternative parameter used to characterise the
dynamic lag is the time constant. Taking from the above an estimate of the response
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time for propane of 23 seconds, the corresponding time constant is some 10 seconds.
The actual response of the detector to a gas cloud depends on the way in which the
concentration changes with time. If what the detector sees is a sudden step change, 1t
responds rapidly. For a change in concentration from zero to 15%, LEL the times to
low gas alarm given by Dr Balfour for both types of detector on both gases were less
than 2 seconds. If the derector sees a ramp, or linearly increasing, inpurt of concentratjon,
then, after an initial transient, its output lags its input by a time equal to the time
constant. The figures given by Dr Balfour apply to new detectors. Dr Balfour stated
thar detectors brought back from the field and tested again in Jaboratory conditions
had behaved as did new detectors, but neither he nor the Occidenrtal witnesses
questioned were able to give any information on the dynamic response of detectors
tested in the field.

F.48 Since the principle of operation of the detectors used was the measurement
of the heat evolved consequent on the catalytic combustion of the hydrocarbon gas
with air, there was a theoretical possibility that jf the detector were flooded with pure
gas, so that the concentration passed almost instantaneously from zero to 100Y;,, the
detector might not register an alarm. Dr Balfour stated that in fact there is a delay
introduced by the diffusion of the gas through the filter and that the detectors do
respond even when flooded. The effect of a jet of liquid condensate was also considered.
In this case Dr Balfour believed that the detector would be protected by its weather
protection housing.

Gas detecior reliability and disabling

F.49 The reliability of the gas detectors was explored both with Dr Balfour and
with Occidental personnel. Dr Balfour referred to the blocking of the filters by salt
crystals, wind-borne particles, water or even fire-fighting foam, and to contamination
of the catalyst by silicon and other chemicals. Silicon poisoning had been a problem,
but steps had been taken and the problem much reduced. Any failure of the detectors
would be unrevealed and it was therefore necessary to test them periodically. Some
fieid data which his company had obtained showed a mean time to failure of about 10
years. Mr Tea had experienced deterioration of detectors in the turbine enclosures
due to heat angd in the accommodation due to silicone polish sprays. Usually when a
detector was out of calibration, it was possible to make a small potentiometer
adjustment. Outright failure was rare, but he could not put a figure on it. The interval
between calibration tests was 4 months.

F.50 Mr Tea explained that it was possible to disable individual gas detector zones
by “pinning out’’, which involved inserting a pin into the module for that zone at the
back of the control panel. This was not itself logged, though the work being done in
the zone would be.

Emergency shutdown system

F.51 Various terms were used to describe a complete ESD of the platform, including
platform emergency shutdown (PESD) and overall emergency shutdown (OESD), the
latrer being used particularly in the phrase “electrical OESD”. The 2 had essentially
the same meaning and are referred to here as PESD.

Acrnvazion of PESD

F.52 Alcthough there were separate pneumatic and electrical ESD systems, activation
of one resulted in activation of the other so that the final effect was the same. Pneumatic
PESD was initiated by loss of pressure in the pneumatic pressure loop due to melting
of a fusible link. It was also activated by the action of the electrical ESD system. De-
energisation of the latter caused depressurisation of the pneumatic pressure loop by
activation of solenoid valves. A third way in which the pneumatic loop might be
activated was loss of instrument air pressure. The electrical OESD, or PESD, system
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consisted of a bank of relays in the Control Room which were held energised when
the plant was operaring. They were de-energised by loss of power from the 125 V DC
system, The electrical OESD was also activated by the action of the pneumartic ESD
system by de-energisation of the relays. It was stated thar loss of the main power
supply would cause a PESD, but the mechanism by which this occurred was not
clearly established.

F.53 PESD was activated automatically by a limited number of major process
upsets. An example given was high pressure on the MOL, caused perhaps by closure
of a valve at Flotta, which would trip the MOL pumps and lead 1o a PESD. On the
other hand shutdown of a major item of equipment did not necessarily involve a
PESD. High level in one separator would cause shutdown of that separator and of its
associated wells, but not shurdown of rhe platform.

F.54 As far as concerns fire, there was no mechanism other than the fusible links
by which fire would activate the PESD. Neither a gas alarm nor a fire alarm would in
1tself initiate an ESD.

F.55 Detection of gas at equipment located in a safe area activated shutdown of
that equipment. This applied to the main generators and in this case the loss of main
power would lead to a PESD.

F.56 PESD could be activated manually from the Control Room or from manual
push-burrons (break-glass time switches) at 20 locations on the platform. The procedure
was that anyone aware of a possible hazard should contact the Control Room, bur the
purpose of having manual ESD points distributed around the platform was so that
personnel could effect shutdown without having to communicate with anyone else and
all operaring personnel had the authority to initiate a PESD.

Effects of PESD

F.57 One effect of an electrical PESD was to depressurise the pneumatic pressure
loop and so iniriate a pneumartic PESD also. Likewise, one effect of a pneumartic PESD
was [0 de-energise the electrical PESD system.

F.58 On PESD the wells were shut down by closure on each well of the downhole
safety valve (DHSV), the hydraulic master valve (HMV) and the wing valves; the first
2 closed on loss of hydraulic pressure and the latter on loss of pneumatic pressure. A
PESD involved the shutdown of all major items of process equipment such as
production separators, gas compressors and pumnps and closure of all the process
ESVs. A PESD caused closure of the ESV on the MOL. but closure of the ESVs on
rthe gas pipelines was by manual push-button.

Blowdown on PESD

F.59 Although PESD initiated blowdown of inventories from equipment by opening
blowdown valves to the flare system, there were exceptions. Some major items such
as the cenrrifugal compressors were designed so that on tripping they would isolate
and blow down automatically. Other items such as the reciprocating compressors did
not blow down on tripping, but did blow down on PESD. The production separartors
would blow down automatically only if the air pressure to the blow down valve on the
separators was lost. The reason for not making this blowdown automartic on PESD
was concern for carryover of liquids inro the flare. The same applied to blowdown of
the JT flash drum. The GCM blowdown had to be initiated manually, the reason
being that this system contained a good deal of condensate and there was concern
about dumping this to flare.

Other features of PESD

F.60 During the PESD the main generators remained on line but switched
automatically to diesel firing on falling fuel gas pressure. Other systems which
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continued in operation were the instrument air compressors, the electrically driven
utility and utility/fire pumps and other utility and safety systems.

F.61 On the other hand, the main generators were provided with gas detectors
which would shurt them down on detection of gas at the high alarm level. The shutdown
of the main generators would de-energise the electrical systern and thus result in a
PESD.

F.62 The fact that the system was designed so that the instrument air COmpressors
continued in operation in a PESD meant that there would not normally be a loss of
air to those valves which were pneumatically operated and that the fail-safe action
which would cause valves to open or close on loss of air pressure would not come into

play.

ESVs on pipelines

F.63 Of the 4 pipeline ESVs, ESV 208 on the MOL was located in B Module and
was an electrically operated MOV powered from the emergency switchboard. It had
pneumatic back-up to close it on loss of electrical power and further back-up of
nitrogen from an accumulator to close it on loss of air. These arrangements were a
retrofit. Evidence on the retrofitting of this valve and that on the Claymore line was
given by Mr A C B Todd, the maintenance superintendent. The valve was complered,
tested and commissioned on 25 April 1988. There was outstanding the fitting of an
“Add-on pack” to provide an interlock to shut down the MOL pumps if both valves
were less than 75%, open. However, the valve had not been formally handed over from
construction by 6 July. Mr Wottge stated that the valve had operated satisfactorily in
its shutdown mode when a faulty relay in the ESD system caused closure of all the
pipeline valves. ESV 501, the ESV on the Claymore pipeline, was also an electrically
operated valve with a pneumatic back-up to close it on electrical power failure and a
further nitrogen back-up to close it on loss of air. This valve too had been rerrofitted
in early 1988. Mr Todd said that it was completed, tested and commissioned on 9
April 1988, burt had not been formally handed over by 6 July. In early July a new ball
valve was fitted to ESV 501. The Tartan pipeline ESV, ESV 6, was a hydraulically
actuated valve with nitrogen back-up. The MCP-01 pipeline ESV, ESV 956, was also
a hydraulically actuated valve with nitrogen back-up.

Pipeline depressurisation facilities

F.64 There were on the 4 platforms facilities for depressurising the 3 gas pipelines
by flaring the inventories, but they were limited by the gas flows which could safely
be flared and such depressurisarion normally took days rather than hours. All 3
pipelines could be depressurised at the Piper end by making the necessary connections
and opening hand valve HCV 961 (see Fig 3.10). This valve was located near the pig
rraps. It was understood that about 100 MMSCTED could be passed through this
valve. The Piper-MCP-01 line could be depressurised at MCP-01 by opening pressure
control valves PCV 4353A B to the blowdown skid. The depressurisation of the Piper-
Claymore line could be effected at Claymore by opening hand control valve FCV 970.
The Tartan-Piper line could be depressurised at Tartan through a valve. The normal
rate of depressurisation was said to be about 12 MMSCFD with a maximum of 30
MMSCEFD.

Phase 1 operation and GCM changeout

F.65 Preparations for the GCM changeout were made by Mr A Carter assisted by
Mr T A Henderson, a lead production operator. Between 28 June and 5 July the 2
were on the platform together. Mr Henderson left on 5 July, but Mr Carter stayed
on to oversee the changeover. No comprehensive work pack for the changeover was
recovered, but Mr Henderson assembied 2 number of documents which he said Mr
Carrer had prepared. The latter had produced documentation covering the changeover
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from phase 2 to phase 1, opcration in phase 1 mode, work t be done during the
changeover period, advice to operators on this work and restoration of phase 2
operation. The work pack included lists of valves to be closed and of spades to be
inserted. The pipes into the molecular sieve driers in the GCM were to be spaded off,
since men would be working in the driers, but the GCM icself was not to be spaded
off. The work pack also included instructions on depressurisanion of equipment and
on methanol injection. There were also several control loops which needed o be
adjusted for operation in phase 1| mode. The setpoint on the JT valve, PCV 72}, had
to be changed so that it would control at the different pressure. The transmitter on
DPCV 723A,B required o be switched so that the loop would operate to control
differential rather than absolute pressure.

F.66 The GCM was taken out of service on Sunday 3 July. The gas plant was shut
down and the compressors depressurised. The equipment and pipework in the GCM
were then depressurnised with the exception of the line to the SEPCQO compressor;
valves 30 and A2 on this line were closed. The teams carrying out the isolarions were
led by Mr Carter and Mr Henderson. The work programme for the GCM was
scheduled for the period 3-15 July. One major item was the changeout of the beds of
the molecular sieve dricers. Since the beds adsorbed hydrogen sulphide as well as warer,
this was an operation liable to give rise to gas smells. There were various planned
maintenance jobs and work on orbit valves.

Status of certain structural features

F.67 The status of certain structural features on the platform in early July is relevant
in that it bears on the possibilities for the spread of flammable gas and of fire.

F.68 One such feature was the possible existence of apertures in the firewall between
B and C Modules. It was alleged rhar part of the firewall near the door had been
removed in order to allow work o be done on pipes passing through the wall. Several
passages of evidence were heard on the point. It was agreed that a hole had been made
in the firewall to allow painters o do needle-gunning work. However, whereas it was
originally stared that there was a hole 5m x 4m 1n the firewall above the door rowards
the west end of the module, the final outcome was that the wall had been largely
restored, although by 6 July an annular gap of perhaps 1-2 inch remained around at
least one of the pipes penetrating the wall and over an area of uncertain size the
fireproofing had not been remade.

F.69 There was also a door in the firewall opposite the MOL pig rap (see Fig
1.3(c)); the door had a self-closing mechanism in the form of a weight on a chain
enclosed in a rube, Evidence on this reduced to the allegation that on one occasion it
was difficult to shut. There was a proposal to put a new access door iz the wall 1o give
access 1o the middle metering stream to allow removal of the rurbine meter, but this
work had not started by 6 July.

F.70 Evidence that the prover loop had been completely removed and other evidence
that there was some scaffolding at the 68 ft level more or less below the area of the
prover loop led io exploration of the possibility that some of the deck plates on the
floor of B Module may have been missing. However, removal of the prover loop would
not in itself create a gap in the deck plates and no evidence was given that such a gap
existed on 6 July.

F.71 Some of the drawings of C Module (eg Fig 9.21 of the Petrie Report) showed
a partitioned area at the west end of the module. The evidence was that there was no
such partition at the main 84 ft level in the module.
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Table F.1 - Itemns supplied by 125 V DC UPS in D Module mezzanine level

1.  Emergency lighting for GCM, Utlity Module, distribution boards EL 1, 2, 3 and
4, AAE, ERQ and LQW.

Turbine generator panels.

SPEEM + AAW distribution board.

Centrifugal compressors lube oil system.

High voltage and low voltage switchgear.

Maijn process contro! panel and MOL control panel.

NV R RN

HVAC pane) and dampers.
8. Fire protection units P102A,B.

Note:
Based on Table 1 of Petrie Report (following para 4.3.6.1).

Table F.2 - Items supplied by 120 V AC UPS in D Module mezzanine level

General alarm and personal address system.
Main fire and gas panel.
Emergency telephones.
UPS shutdown contactor panels.
Divers® communication system.
Main control panel, MOL and gas separation panels.
Turbine and generator panels.
Drilling module fire alarm panel.
SPEEM PESD panel.
. Turbine gas detection (1-P-102A,B).
11. Discharge scrubbers D/P valve (1-K-105C).
12. Condensate control panel JCP 057.

O 0N o R W

=}

13. Metering and pig launcher and receiver local panels.

Note:
Based on Table 3 of Petrie Report (following para 4.3.6.1).

Table F.3 - Items supplied by 125 V DC UPS and 120 V AC UPS in Utility
Module

A. 125 VDCUPS
13.8 kV closing, tripping and indication supplies for 4-P-801 switchboards.
4.16 kV closing, tripping and indication supplies for 4-P-802 switchboards.
440 V 1ripping and indication supplies for 4-P-803 switchboards.

120 V AC UPS
Fire and gas panel.

]

2

3

B

]

2.  GCM local control panels.

3. Solartron telemetry system.
4. Genera) alarm system.

5. Reciprocating compressors control panel.
6. HVAC control panel.

7. Flare control panel.

8. Depressurisation valves and solenoid valves.

Note:
Based on Tables 2 and 4 of Petrie Report (following para 4.3.6.1).
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Table F.4 - Gas detectors in C Module

Area Detecror Height Location
Cl G22 3 ft down™
G23 3 ft down
G24 3 ft down
G25 3 ft down
G100/1 6 ft up®
G100/2 7-8 ft up
C2 G101/1 12-13 fr up
G101/2 2-3 fr up
G101/3 15 ft up
C3 G26 At venrilation
fan inlec
G227 Qutside rurbine
compartment’®’
G28 In compressor
compartment
G102/1 Roof level Ar turbine intake
G103/1 Below grating At fuel gas valve
G102/2@® Roof level At turbine intake
C4 G29 At ventilarion
fan 1nlet
G30 Ouzside turbine
compartmen©
G3l1 In compressor
compartment
G102/2¢ Roof level At turbine intake
G103/2 Below grating Ar fuel gas valve
G102/3® Roof level At turbine inrake
C5 G32 Ar venulation
fan inlet
G33 Qutside turbine
compartment©
G34 In compressor
compartment
G102/3® Roof level At turbine intake
G103/3 Below grating At fuel gas valve
G102/4 Roof level At turbine inrake
Notes:
(a) Down from ceiling.
(b Up from floor.
(c) Derecror outside compartment but with sample tube into comparrmernt.
(d) Detecror shared with area C4,
(e) Derecror shared with area C3.
(fy Detecror shared with area C5.
(g) Derector shared with area C4.
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Table F.5 - Calculated composition of gas from selected potential leak points
in C Module

Position Composition (% v/v)

170 220 350 350

(case A) (case B)

Gas
Methane 65.7 71.6 20.0 21.4
Ethane 17.1 16.0 18.9 20.1
Propane 12.4 9.9 31.3 334
Butane 3.5 2.1 17.3 18.5
Penrtane 1.1 0.5 10.0 6.1
Fraction 125-127 0.2 _ 0.0 2.4 0.5
Fraction 175-365 0.0 0.0 0.1 0.0
Notes:

(a) Positions 170, 220 and 350 are at the first stage reciprocating Compressors
suction, the second stage reciprocating compressors suction and the condensate
injection pumps discharge, respectively.

{b) Case A is for stream complerely vaporised and case B for stream partially
vaporised.
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Appendix G

Supplementary Material on Chapters § and 6

Firewall failure

G.1 The analysis by Dr Cox of the over-pressures required 1o destroy the firewalls
in C Module was described in Chapter 5. Further details of this analysis are given
here.

G.2 The B/C firewal] was a single-layer 4.5 hour integrity wall. The wall extended
along the length of C Module from east to west and vertically from the production
deck 1o the truss upper beam at a height of 6.35m. It consisted of an array of rectangular
panels of 9.5 mm thick Durasteel 3DF2. The pancls were of 2 main sizes and were
each bolted into a rectangular frame which was a welded fabricaton of 50 mm x 50
mm angle-section steelwork. Adjacent frames werc bolied together, forming a “lattice’.
The lattice was typically 3 frames high. The lower edge of the bottom frame was
continuously fillet-welded to the production deck and the upper edge of the top frame
was attached to the underside of the upper truss beami by an arrangement of bolted
and welded joints. The wall was further supporied by clamping 1o the truss columns,
the clamps being simple straps bearing on clears which were siie-welded to the lattice.
The firewall is illustrated in Fig 5.2; the figure is schematic and is not to a consistent
scale. The panelling is on the near side of the lattice. The figure shows 2 bays of the
firewall with 3 vertical and 2 inclined members, all part of the truss, with lattice work
and with panels, 3 high, bolted o it. The view in the figure is that seen from the
inside of C Module looking south.

G.3 Information on the strength of the Durastecl panels and of the panel bolts was
sparse and it was nccessary to make assumptions. Durasteel 3DF2 is a composite
material consisting of 0.5 mm perforated steel skins around a fibre reinforced cement
core, with a total panel thickness of 9.5 mm. It was treated in the analysis as a
homogencous material with the same bulk properties as the composite sheet. A physical
test was carried out at Aberdeen University and numerical modelling ot this test gave
reasonablc agreement. Throughout the firewall 3{8 inch Whitworth bolts were specified
but the steel grade was not known. The ultimate tensile scrength of the grade assumed
as represeniative of mild steel bolts was 432 MPa and a failure strength of 260 MPa
was assumed throughout, this being representarive of mild steel bolts. Further
consideration led to a revision of the bolt strength. The assumed tensile and shear
strengths were revised to allow for the thread form. The revised capacity of the bolis
was calculated as 11.7 kN under tensile load and 6.7 kN under shcar load. 'I'he
maximum spacing allowed berween panel bolts was 15 inches and berwecen frame boits
24 inches. The number of bolts was calculated from these figures. [t would not be
usual for there 10 be drawings and so the bolt spacings were subject 1o some uncertainty.
The strength of the clamps was taken as 23 kN per clamp.

G.4 The C/D firewall was a triple-layer 6 hour integrity wall. The wall extended
along the length of C Module from east to west and vertically from the production
deck to the truss upper beam art a height of 6.38m. This wal) differed from the single-
layer wall in that the panels consisted of 3 identical Durasteel 3DF2 plates cach 9.5
mm thickness and separated by 45 mm thick of dense mineral wool; the framcs were
smaller, being 7 rather than 3 high; there was a complex offset bolting arrangement;
and the arrangement of the panel and frame bolts was different in derail. The firewall
was clamped to truss 6 only by light duty hook clamps quite diffcrent from the clamps
used on the single-layer wall. The triple-layer firewall is illusirated in Fig 5.3; the
figure is again schematic buc in this case the panelling is on the remote side of the
lattice. The view in the figure is that secn from the inside of D Module looking south.

G.5 In the analysis of failure of the single-layer firewall the following failure modes
were considered: panels, panel bolts, lattice framework, frame bolts, clamps and welds
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to the deck and to the truss. Fajlure of the panels was studied using both static and
dynamic finite element techniques. Depending on the assumptions made, failures of
a large panel (2.34m x 1.42m) under static loading were found to occur at 0.10-0.22
barg and under dynamic loading at (0.15-0.36 barg. The panel bolts were found to fail
in shear loading at a pressure of abourt 0.1 barg and the frame bolts in tensile loading
at a similar pressure. The clamps would fail at a pressure of about 0.12 barg. The
lattice would collapse by formation of plastic hinges at abour 0.53 barg. Failure of the
welds was calculated to occur only when the pressure on the firewall was 4.7 barg. A
similar analysis was made on the triple-layer firewall.

Wind tunnel tests
Gas derectors and gases tested

G.6 A brief account of the gas detection system in C Module is given in Chapter
3 and a fuller description in Appendix F. The location of the gas detectors in this
module is shown in Fig J.10 and Table F.4. The description of the gas detection
system in Appendix F covers the types of detector used; the gas mixtures which might
occur as a result of leaks; the LELSs of such gas mixtures; the settings of the decectors;
their dynamic response; their reliability; and disabling of detectors. Attention is drawn
1o 3 points discussed more fully in that Appendix: the conflict of evidence on the
height of gas detector G101/2; the time lag in the response of the detectors; and the
practice of disabling gas detector zones by pinning out. No evidence was heard that
any zone was pinned out on 6 July.

(.7 The gases rhe dispersion of which was simulated in the wind tunnel tests were
propane and a neutrally buoyant mixture of methane, ethane and propane. The gas
derecror setting data used in the wind tunnel test experiments were as follows:

Gas Concentrations (%)
LEL Gas detector settings
Low alarm High alarm
Methane 5.0 0.75 3.75
Propane 2.1 0.5 2.5

Background to 1ests and prelinunary rests

G.8 The wind tunne) tests were performed by BMT Fluid Mechanics Lid. at their
wind tunnel at Teddington. A wind tunnel is used to perform small scale experiments
on fluid flow. The object of interest is placed in the wind tunnel, the flow of air
through the tunnel is set in accordance with principles of scaling, and the flow patterns
are observed. It is a powerful and versatile device for studying flow of fluids around
objects of complex geometry. Two wind tunnels were used, the main Environmental
Wind Tunnel, and a smaller wind tunnel. The tests were performed on the 1: 100 and
1: 33 scale models used in the Inquiry, Models A and B, respectively, the models
being taken away to the wind tunnel facility for the purpose.

G.9 The main series of tests were conducted on the 1:33 scale model, but as a
preliminary to these tests, 1t was necessary to establish the ventilation air flow
corresponding to the conditions at Piper on the evening of 6 July. This was done as
follows. First, the flow-pressure drop characteristics of the 1:33 scale model were
determined. The 1:100 scale model was then modified. On the original model the
modules at the 84 ft level were represented by solid walls. For B and C Modules these
were replaced by models of the modules similar to but simpler than the modules in
the 1:33 scale model. The flow resistance of the C Module mode) in the 1:100 scale
mode) was then adjusted to correspond to that measured on the 1:33 scale model. The
1:100 scale model so modified was placed in the larger wind tunne! and the air flow
was adjusted to simulate the conditions at Piper. The wind conditions were based on
those recorded by the Lowland Cavalier (see paras 3.138; also 3.3) and were taken as
wind direction 207° and wind velocity 8.2m/s and for these conditions the ventilation
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rate through the module was 46 m’/s. This corresponds to an air change rate of 39 air
changes/h and to average air velocity of 0.5m/s. Other wind conditions were also
studied and ventilation rates obtained as shown in Table G.1. With the ventilation
rate thus established, the main tests were then performed using the 1:33 scale model
in the smaller wind tunnel. A video of the tests on both models in the 2 wind tunnels
was shown to the Inquiry. The flow through the model represented a speeded-up
version of the flow in the actual module, 10 seconds on the model corresponding to
50-60 seconds at full scale. Propane was simulated in the tests using a mixture of
argon and Halocarbon 12 and neutrally buoyant gas using a mixture of helium and
carbon dioxide. Concentration measurements of thcse gases were taken at suitable
sample points in the model using fine thermal conductivity aspirating probes. The
number of sample points used varied between 5 and 27 per series.

G.10 Two sets of experiments were carried out. The first set investigated a number
of different leaks, with emphasis on leaks from the area of PSV 504. The second set
was concerned with leaks of neutrally buoyant gas. The tests conducted and the resulcs
of the first and second set of tests are given in Tables G:2-G.4, respecrively. For each
set of leak conditions a series of runs was performed, but the number of runs varied.
For some conditions it was desired to take samples at 20 or more peints, but in order
to avoid excessive disturbance to the flow pattern the number of probes was limired
to 5 in a given run. Thus it was often necessary to perform 4 or 5 runs to obrain the
coverage of sample points required. The results for each condition were therefore
referred to as a series.

Linmitarions of, and uncerrainties in, tests

G.11 There are several sources of porential inaccuracy in wind tunnel tests. The
most fundamental is the scaling process itself. Other sources include possible
deficiencies in the models tested or in the mereorological conditions specified for the
test and’inaccuracies in measurement. In wind tunnel testing cthe system of interest is
studied using a scale model. The scaling process involved in extrapolating the resulis
to full scale involves some inaccuracy. However, there i1s wide experience with wing
tunnel tests conducted on this basis. Making a very rough estimate of possible errors
In average concentration, time and mass of fuel, Dr Davies indicated thac they might
be some plus or minus 20°,. The 1:33 model was not an exact model of the equipment
in C Module. For example, the compressors were modelled as “boxes” whereas in
reality they were complex items of machinery with pipework, valves, etc. Dr Davies
did not believe this was a significant source of error; it might alter a time interval from
20 1o 25 seconds.

G.12 In the experiments measures were taken using aspirator probes. The response
time of these probes was about half a second 10 a second, in full scale ime units, Some
typical traces of the concentrations measured in the experiments are shown in Fig
G.1. Several features are noteworthy. Firstly, there was an appreciable difference in
the fina!l steady-state values. For example, for the 2 runs in serics 25 for sensor G103'1
the steady-state values are approximately 2.6 and 3.1, while for sensor G101/2 they
are 1.8 and 3.2. The lateral spread of the cloud, and hence the readings of sensor
G101/2 tended to show a greater variability. Secondly, there was a high level of noise
on the final steady-state value, so that an alarm might be triggered even though the
smoothed steady-state value was below the alarm limit. This occurred in series 28.
Thirdly, the initial part of the curves constitutes effectively a ramp, rather than a step,
forcing function. On the full scale the concentration measured by the gas detector
would, after a shorr initjal iransient, tend to lag the actual conceptration by a time
equal to the time constant of the detectors, estimated as 10 seconds. This would apply
particularly to the low leve) alarms. The lag would be rather greater where the high
level alarm limit was close to the fina) steady-state value.
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G.] Gas concenrtration-time traces for sensors in repeated runs in series 25 in the BMT wind tunnel

tests: (a) and (b) sensor G103/1; and (¢) and (d) sensor G101/2.

G.13 It was possible that one or more of the gas detectors in C Module might not
have been operational. In particular, the apparent failure of the 2 C2 detectors G101/1
and G101/2 to activate first constrained the interpretation of the test results. The
possibility was explored thar G101/1 might bave been pinned out while work was
done on PSV 504. However, there was no evidence that any detector was in fact
pinned out.

Explosion simulations

G.14 Explosion simulations using the FLLACS computer code were commissioned
by the DEn and by Technica and a further run was comumissioned by the Inquiry.
The results of this work were described in Chapters 5 and 6. Further details are given
here of the FLACS code itself, of the explosion simulations, and of the limitations of;
and uncerrtainties in, these simulations.

The FLACS code

G.15 The FLACS code is designed to solve the fundamental equations of fluid flow
taking into account turbulence and combustion. The 3-dimensional Navier-Stokes
equartions, suitably amplified to include the effects of turbulence and combustion
reactions, are cast in discrete form, employing a finite volume technique, and are
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solved implicitly, Turbulence is modelled in terms of eddy viscosity and combustion
in terms of turbulent, mixing-Jimited reaction. The space modelled is divided into a
grid of “boxes” of volume one cubic metre. Normal assumptions are that the flammable
gas cloud is a quiescent homogeneous stoichiometric mixture so that the effects of any
concentration differences within the gas cloud, of any ventilation air flow or of a
continuing leak source are neglected. Ignition is modelled as a weak ignition by
assuming that at time zero half of the flaimmable mixture in one of the boxes has
undergone combustion so that the temperature of the gas in the box is correspondingly
increased. Derails of the structure of the module and of the equipment conrtained in
it are captured by a front-end code CASD. A further program is then used to process
this information into a form in which it can be utilised by the FLACS code. The
principal outpur of the code of interest in the present context is the explosion pressure
generated, but the code also produces profiles of the concentrations of the unburnt
fuel and the combuston products and of the gas velocities.

G.16 The effect of obstacles in the module is to enhance turbulence and this may
have a strong influence on the pressures generated. Another important influence on
these pressures is that of venting. Venting at open or partially open ends of a module
is automatically taken into account in the code, but 1t is also necessary to allow for
venting by wall failure. This is handled in the code as follows. The pressure at which
a wall will fail is determined. It is assumed that the wall starts to move when this
pressure is reached. The movement of the wall is then calculated from the mass of the
wall and the pressure on it. It is further assumed that the distance which the wall
travels will be limited by obstructions in the adjacent module. The movement of the
wall opens up a gap between the wall and the floor and ceiling of the module and this
vent area is expressed as an effective wall porosity. There is therefore an interaction
between the pressure generated and the venting due to wall failure; the pressure causes
wall failure and the wall failure acts to reduce the pressure.

G.17 The FLACS code has been validated by comparison of results obtajned from
the code with measurements made in experiments on explosions in scale models of
modules. The models used were on scales of 1:33 and of 1:5. A typical explosion
experiment is shown in Plate 26(a). The over-pressures predicted by the code lie
within plus or minus 30°%, to a confidence level of some 959, of those measured
experimentally. The variability of model experiments themselves is of the same order.
It was Dr Bakke’s expectation that the measured over-pressures would tend to be
greater in full scale tests. The work at CMI has been sponsored by a number of
organisations and a number of studies have been conducted on gas explosions in
modules of offshore platforms.

Simulations performed for the DEn

G.18 Soon after the disaster the DEn commissioned CMI (o carry out a series of
simulations of explosion of idealised flammable gas clouds in C Module. Their report
was issued as Annex 3 to the Petrie Final Report. The report, though dated October
1988, was based on the information available in August. CM1 was provided with
information on the geometry of C Module in the form of drawings and photographs.
The plan view of C Module produced is shown in Fig 5.1. This figure also shows the
pressure recording points, flammable gas clouds and ignition points. The Contro)
Room was located in the mezzanine level of D Module and thus on the upper part of
the C/D firewall at a point corresponding approximately to recording point 5. The
firewa)l failure pressures were specified as 0.138 bar for the B/C firewall and 0.25 bar
for the C/D firewall, The mass of the walls was given as 63 kg/m? It was agreed to
assume a wall porosity of 209, for the B/C firewall and a 409, porosity for the C/D
firewall. (In the original report and evidence it was stated that the porosity of both
firewalls in this work was 209, but this was corrected in the later report and evidence.)
The compositions of the 2 fuels used in the simulations, natural gas and condensate
vapour, are given in Table G.5, Sec A. For simplicity, the compositions used in the
code are the equivalent mixtures given in Sec B of the table.
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G.19 Five simulations were performed in this work. The simulations specified
(cases 1-5) and the results obrained are shown in Table 6.2. Pressures were recorded
at 8 points as shown in Fig 5.1. Points 1-4 are along the sourh wall and points 5-8
along the north wall. The points are at a height just over halfway up the module. For
case 1 the pressures generated were sufficient to cause failure of both firewalls at all
the recording points P1-P8. The pressures in case 2 were appreciably higher, those in
case 3 higher than in case 2, and those in case 5 higher still, so that all these cases
would cause fajlure of both firewalls at all the recording points. For case 4 the pressures
were on the borderline of those required to cause failure, exceeding the firewall failure
pressure only at points P2-P4 on the south wall. In partcular, the pressure point 5
near the Control Room was below the failure pressure. Although this work was in
large part superseded by that commissioned by the Inquiry, the apparent trends which
it illustrates are important. One is that the pressures generated by a cloud of condensate
as opposed to natural gas are somewhat higher (case 3 v case 2). Another is that an
ignition source located at the centre of the module gives appreciably higher pressures
than one located at the end (case 2 v case 1). A third is that the pressures occurring
in the absence of venting by firewall failure are much higher (case 5 v case 3). And
finaily there is the not unexpected result that a smaller gas cloud gives rise to lower
pressures (case 4 v case 1).

Limitarions of, and uncertainties in, stmulations

G.20 The simulanion of an explosion in a module 1s a complex undertaking and
the technology has been developed only recently. The model used in the simulation
involves a number of idealisations and assumptions. There are some potential sources
of inaccuracy in the model itself and in the solution of the model equations. Questions
also arose concerning the inpur daca for the particular scenario modelled for the Piper
explosion. The 1dealisations made were those pormally used in the code and have
already been described. The flammable gas cloud had an idealised rectangular geometry
and was assumed to be homogeneous. No account was taken of air flow through che
module, of the cffect of a continuing gas leak or of any upwind movement of the cloud.
Some work has been done by CMI on gas cloud homogeneity. A high-momentum,
quite large release tends to fill the module with a cloud which is relatively homogeneous
and which rises in concentration as the relcase proceeds. With regard to the effecr of
ventilanon, the air velocity in C Module was of the order of 0.5m/s, some 2-3 orgders
of magnitude below the highest velocities occurring in the explosion, Some inaccuracy
is introduced during the process of integrating the differential equations of the model.
The model used includes some paramerers that can be ““tuned” to fit experimental
results obtained at small or medium scale. In such a case, however, there must always
be some uncertainty when the mode! 1s extrapolated to full scale. Another idealisation
was the modelling of the process of failure of the firewalls, which assumes that once
the failure pressure is reached failure is effectively total and instantaneous. In fact
processes such as shearing of the bolts must take some finite time. There remained
some uncertainty concerning the extent to which the model ook into account
phenomena such as an external explosion. These were described by Dr Chamberlain
in Part 2 of the Inquiry but were not explored with Dr Bakke in Part 1. To some
extent the tuning process mentioned may allow for such phenomena, bur since they
tend to be more important at ful) scale, the allowance may not be fully adequate.

G.21 Questions concerning the inpurt data for the Piper explosion centred particul-
arly around the Jocation of the ignition source, the porosity of the firewalls and the
behaviour of the ducting around the centrifugal compressors. The selection of the
location of the ignition source was not based on any information but was made to give
something close to a worst case, le one which would gencrate the highest pressures.
By selecuing this worst case it was possible to explore the smallest size of flammable
cloud 1o give an explosion. The effect of the porosity of the firewall was somewhat
reduced by the fact that according 10 the model only a small fraction of the ultimate
porosity is developed at the time when the pressure reaches its peak. Thus although
the treatmenrt of porosity was very approximate, provided some reasonable allowance
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is made, the effect on the final results may not be great. The available vent area may
also be increased by the destructive effect of the high wind velocities generated in an
explosion. In particular, the ducting of the centrifugal compressors at the east end of
C Module would be vulnerable to such winds. Loss of this ducting was not allowed
for in the simulacon.

Rating of upstream flange on PSV 504

G.22 As described in Chapter 6, there was uncertainty abourt the rating of the
upstream flange on PSV 504. A summary of the evidence on this is given here.

(5.23 A large number of drawings and other documents which bore on the question
were produced by Mr M Skidmore, a Senior Facilities Engineer with Occidenctal.
Many of these were documents related to the original design and pre-dated the
construction of the condensate injection system. They showed that the original
specification of the upstream flange was 900 1b. However, there were a pair of “as-
built” drawings which for PSV 505 gave both on the drawing and the material code
a 1500 1b rating and for PSV 504 a 1500 1b rating on the drawing but a 900 1b rating
in the materials list. Mr Skidmore also produced documents relating to later
modifications to features such as the pulsation dampeners which gave a 900 1b rating.
There was in addition a telex dated 22 August 1977, and thus in the construction
phase of the condensate system, calling for urgent action on shortage of materials,
including 900 1b flanges. It was put to Mr Skidmore that in this situation a 1500 1b
flange might have been fitted 10 progress the work, but he discounted this as poor
practice.

G.24 Another source of information on the flange rating was the safety relief valve
(SRV) test certificates for the periodic recertification work. A collection of certificates
for PSVs 504 and 505 was examined. A sumrnary of these certificates is given in Table
G.6. Valve technicians who had worked on these PSVs since 1985 were called, namely
Mr ] Tait, a service engineer with Score (UK) Ltd, Mr A Pirie, a service engineer
with Wood Group Valves and Engineering Services Ltd, Mr R W Barclay, formerly
a valve technician with the same company, and Mr A C Bruce, formerly a valve
techniciap with Score. Mr Tait described the sources from which a flange rating for
an SRV, or PSV, might be obtained. There were history cards, test certificates, and
site inspection. The flange rating might be obtained from the nameplate, if that was
still legible. Alternatively, the flange could be measured and the rating looked up in
flange tables. There was also an Occidental printout of the valves, but while this gave
the pipe diameter, it did not necessarily give the flange rating.

G.25 As Table G.6 shows, the first entry of the upstream flange on PSV 504 as
1500 |b was on 29 October 1985. This was a rush job which Mr Pirie did alone,
making the adjustment on the scaffolding using test flanges, and filling in and signing
the test certificate No 3825. The job was too short to fit blind flanges. He did a similar
job on PSV 505, recorded on test certificate No 3826. In both cases he recorded the
upsctream flange rating as 1500 1b. He could not remember how he established chis;
he did not think he had the previous test report available. He must have been sure of
the rating or he would not have put it down, but he could have been mistaken. The
next overhauls of PSV 504 and 505 were done by Mr Barclay and Mr ] McDonald.
The test certificate No Q101 for PSV 504 dated 16 September 1986, filled in and
signed by Mr Barclay, again showed a 1500 Ib rating. Mr Barclay said he would not
have completed any part of the certificate before doing the job. He could not recollect
how the flange rating was determined, but it would have been necessary to know it to
do the job; in fact in this particular case it was necessary to improvise a test flange.
When he came to sign the certificate he must have thought the rating entered was
correct. The next day PSV 505 was overhauled, the overhaul being done by Mr
McDonald and the test certificate No 0104 being filled in by Mr Barclay and signed
by Mr McDonald; again an upstream flange rating of 1500 Ib was entered. On 24
March 1988 PSV 505 was overhauled by Messrs Tait, Bruce and Sutton. The certificate
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No 2607 is signed by Mr Bruce, though both he and Mr Tait said that it was filled
in by the latter. Mr Bruce said that he and Mr Sution measured the upstream flange
rating on both PSVs and found it to be 1500 Ib. They also checked against the
certificates for the previous tests, that for PSV 505 being No 0104 on 17 September
1986. They had raken out both certificates, since they did not know which of the 2
PSVs was to be worked on and there was no difference in the flange ratings, both were
1500 1b. He believed that to get ahead with the paperwork the box on the certificate
containing the entry on the flange rating was filled in before the work was done. Mr
Tait, who filled in the certificate, was unsure where he obtained the flange rating. It
was his practice to read the previous test reports and wrire notes in a notebook. He
could have wransferred information from his notebook to the new certificate, though
if any inconsistency had been noticed he would have gone and measured the flange.
He also stated thar there could have been several valves being done that day and that
since this overhaul itself was completed only about 22.00 hours, the certificate was
probably signed the next day. It was put to Mr Skidmore that these test certificates
showed that the flange rating was 1500 b, but he maintained his belief thac the flange
had been originally specified as 900 Ib and had not been changed. He agrced that if
the 1500 Ib flange rating on these certificates was a mistake, it was a separate one from
that on the as-built drawings.

G .26 Photographs of PSV 504 and 505 were available to the Inquiry. The
photographs were provided by Mr T Rogers, Facilities Engineer with Occidental, and
were believed to have been taken about 1978. An attempt was made to determine the
flange sizes from these photographs by Mr D | Turner, Managing Director of Camera
Alive Ltd, using computer matching. Mr Turner stated that he obtained a good fit
assuming the downstream flange to be 600 Ib and the upstream one to be 900 lb, but
a poor fit assuming the latter to be 1500 1b. Counsel to the Inquiry indicated thar he
did nor accepr this evidence, but did not pursue the matter by cross-examinacion.

G.27 The evidence on the rating of the upstream flange on PSV 504 was therefore
contradictory. Fitters who had done the most recent work on the flange had entered
it as 1500 Ib on the test certificates. Although in principle this evidence might be
preferred to that of the original design documents showing it to be 900 b, there was
doubt whether the entries were based on the immediate knowledge of those working
on the flanges racher than transferred from previous test certificates. It is conceivable
that the 1500 Ib rating was entered in error during the work in October 1985 and then
perpetuated. On the other hand the shortage of 900 1b flanges during construction and
the rating shown ip the “as-built’’ drawing are possible pointers to a 1500 lb racing.

Autoignition in relief line on A pump

G.28 In their third report Drs Richardson and Saville explored the possibility of
rupcure by autoignition in the relief line on A pump. The report included a detailed
study of the possible effects of the estimated maximum explosion pressure of some
300 bara, which is described here. The effects studied were those on the pipe and, for
a blind flange, on the flange itself and on the bolts and the ring.

G.29 The authors drew artention to the fact that if the time taken to reach the final
pressure was substantially less than che response time of the container, the walls of
the container would experience a transient stress double that experienced in a slow
application of pressure, burt stated that the response time of a rigid metallic container
would be much less ithan the durarion of the explosion and so no enhancement would
take place. However, such enhancement would apply 1o bolts which were slack; in this
case the maximum stress would be double that for tight bolis.

G.30 The relief pipe was 4 inch nominal bore. Since there was doubt abour the
pipe ratings, both 900 lb and 1500 Ib ratings were considered. The Occidental
specification for both rarings was for material to standard ASTM-A106, which gives
a yield strength of 35000 psi and a minimum tensile strength of 60000 psi. The acrual
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wall thickness was required to be at least 0.875 of the nominal thickness. When
dertermining schedules Occidental made a corrosion allowance of 0.125 inch. Thuos
there were also 2 cases to consider with respect to pipe wall thickness. One was the
nominal thickness and the other 0.875 x nominal thickness less the 0.125 inch corrosion
allowance. The piping specifications considered and some results of the work are given
in Table G.7. The specification C1D corresponds 10 Bechtel F15 rating and 900 1b
flanges and C1E to G15 rating and 1500 1b flanges. Sections A and B of Table G.7
give, respectively, the maximum working pressures (MWDPs) of the pipe and its yield
and burst pressures. They show that the explosion pressure would exceed the MWP
for the CI1D but not for the CI1E pipe. For the C1D pipe it would just exceed the
yield pressure for the thin wall case, but not the burst pressure for either wall thickness.
For the C1E pipe neither yield pressure nor burst pressure was exceeded for cither
wall thickness. The authors concluded that since the combination of less than nominal
wall thickness and loss of corrosion allowance was improbable, it was unlikely that
even the C1D pipe would yield, let alone burst. Both C1D and C1E rated pipes should
have had no difficulty in containing the explosion.

(.31 For the flanges the Occidental specification was again 1o ASTM-A106, which
requires a yield strength of 36000 psi and a minimum tensile strength of 70000 psi.
Sec C of Table G.7 gives the MWP for the 2 ratings of flange. It shows that the
explosion would overstress the 1500 1b flange only marginally, but the 900 1b flange
severely. Further work would be required to determine what effect this would have.
For the stud bolts and nuts it was found that the former would fail before the latter
and therefore only the former were considered. The Occidencal specifications for the
bolts were to ASTM A193-B7. The required material has a yield strength of 105000
psi and a minimum tensile strength of 125000 psi. Sec D of Table G.7 gives for the
2 classes of bolt the bolt thicknesses and the tensile load for yielding. It was assumed
that the bolts were initially tight. Sec D also shows the total tensile load resulting
from the explosion. It can be seen by comparing the last 2 columns of this section
that for both classes 2 bolts are sufficient to prevent yielding. Yielding would take
place only if undersized bolts had been used. This is ilJustrated in Sec E of Table
G.7, which shows the combinations of bolt size and number for failure just to occur.
If the bolts were slack, twice as many bolts or bolts with diameter larger by the square
root of two would be needed to prevent yielding. With regard to the meaning of
slackness in this context, Dr Richardson said that it did not matter how cight the bolts
were, provided there was no movement. For the ring the Occidental specification was
for soft iron octagonal rings. The authors took for these a yield strength of 19100 psi
and a tensile strength of 42200 psi. For properly matched flanges, the gap between
the raised faces would be 4 mm, The authors found it difficult to envisage failure of
the ring in this case. They thought a very small gap might perhaps open up but it
would close again when the explosion pressure decayed. If mis-ratched flanges were
used, the ring would be confined at only one end. Calculations based on the
simplification of treating the ring as an infinicely long cylinder gave a large deformation
at 200 bara and bursting at 300 bara. The authors found it difficult to predict whether
failure would occur in this case. The report also considered bending of the blind
flange. If only 2 diametrically opposed bolts were used, it would be possible for the
flange to bend about the line joining these bolts. It was estimated that for an explosion
of 300 bara a gap 0.1 mm might open up, but it was expected that it would close again
when the pressure decayed.

(.32 As far as concerns passage of any flame to the outside, this is determined by
the gap available. The parameter generally quoted is the maximum safe gap, which is
the maximom width of gap through which a flame will not propagate. The report
guoted for lower hydrocarbons a maximum safe gap of less than 1 mm. The equivalent
orifice diameter consistent with a gap of this size was 15 mm. Dr Richardson pointed
out that the value quoted was for a standard apparatus with a gap length of 1 inch
and for atmospheric pressure. The length of the gap on the holes envisaged on the
flange assembly would be less and therefore the gap width to just prevent passage of
flame would be less; he was unsure of the effect of pressure.
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Hydrate formation and behaviour

(.33 The possibility of hydrate formarion at various parts of the plant was examined
by Drs Richardson and Saville and by Dr Johnsen. The latter also described
experimental work on hydrates and discussed hydrate behaviour. An account was
given in Chapter 6 of this evidence in so far as it bears on the formation of hydrates
at the JT valve and their subsequent behaviour. Further details are given here of the
evidence on the formation and behaviour of hydrates both at the JT valve and at other
points on the plant.

Hydrate formation

G.34 Evidence on the equilibrium conditions for formatjon of hydrates at certain
crirical points was given by Drs Richardson and Saville in their first report and was
presented by Dr Richardson. For formarion of hydrarte to occur it is necessary for the
process conditions to lie within a certain envelope of pressure and remperature. If
within this envelope the system comes 10 thermodynamic and phase equilibrium,
hydrares will form. The approach to equilibrium may, however, be slow. Thus whether
hydrates will acrually form depends also on the rate at which equilibrium is approached.
There are 2 types of method for the prediction of the equilibrium conditions for
hydrate formation. The traditional method is based on K-values for the solid-vapour
equilibrium. The other method utilises more fundamental thermodynamics. Drs
Richardson and Saville made use of the computer program EQUIPHASE based on
the larter method. They estimated the errors in this method as approximately 10-15%,
in the pressure, plus or minus 3°F in the temperature and 3%, w/w in the quantity of
methanol required in the aqueous liquid phase. Dr Richardson pur the overall error
in the amount of methanol 1o be added to inhibit hydrate formation at about 5%, w/w.
For example, if the propornon of methanol required was calculated at 28%, w/w, the
amount needed would Jie between 23 and 339, w/w.

Hydrare formation on plani

(.35 The methanol injection points on the plant are shown in Fig ].8. Drs
Richardson and Saville calculated first the hydrate formation temperatures assuming
no merthanol injection. They then calculated the flow rates of methanol required (i) to
reduce the hydrate formation temperature to that of the stream exactly and (ii) to
reduce it to 5°F below the stream temperature, thus giving a safety margin. The resulrs
are shown in Table G.8. From these results the authors concluded that if the methanol
injection schedule specified was adhered to, the quanrities injected were sufficient 1o
give a safety margin of 5°F between the stream temperature and the hydrate formartion
remperature. In fact the only point where the margin was as low as 5°F was the JT
valve. Additional evidence on the equilibrinm conditions for hydrate formation was
given by Dr Johnsen. Fig 3.2 shows his set of hydrate formation curves for condirions
representarive of Piper.

Hydraie formation at T valve

(.36 The possibility of formation of hydrate at the JT valve was considered by
Drs Richardson and Saville in their first report on hydrates in general and in their
eighth on hydrates at this valve. In their first report, presented by Dr Richardson,
they calculated that the hydrate formation temperature just downstream of the JT
valve was 62.5°F. They took the temperature at the JT valve as 52.5°F. They estimated
that the merhanol in the aqueous liquid phase just necessary to prevent hydrate
formation at this temperature was 12%, w/w. For a temperature of 28-30°F the amount
of methano! required in the aqueous liquid phase to inhibit hydrate formation was
calculated as 35%, w/w. They estimated rthat given the prescribed methanol injection
rates the amount of methano] in that phase would have been 25%, w/w. The
concentration of merhanol would not have been sufficient to prevent hydrate formation.
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Fig. G.2 Typical hydrate curves for conditions representative of those on Piper given by Dr Johnsen.
Hydrates can form if conditions are above and to the left of the relevant curve.

G.37 In their eight report, spoken to by Dr Saville, they presented a graph showing
the reJation between the hydrate formation temperature and the proporton of methanol
in the aqueous liquid laver. At temperatures of 52.5°F and 48.0°F the concentrations
of methanol required were 12 and 17%, w/w, respectively. At 52.5°F methanol injection
rates of 18.0, 19.9 and 37.9 US gal/h gave methanol concentrations in the aqueous
liquid phase of 13, 14 and 25%, w/w and at 48.0°F methanol concentrations of 14, 16
and 289, w/w. At a temperature of 530.0°F the methanol on the aqueous liquid phase
required to prevent hydrate formation was 15%, w/w. By interpolation of the above
figures, this corresponded to a methanol injection rate ar the JT valve of 19.9 US
gal/h. This flow corresponds to that to the valve during the interruption of methanol

supply.

Hydrazte 1es1s

G.38 Dr Johnsen carried out a number of experiments on hydrate formation and
behaviour under conditions typical of those on Piper. All the tests were done using a
wheel- shaped flow simulator. Condensate was formed in the whee) by admitting a
suitable mix of gases and was then brought to equilibrium at the required pressure
and temperature by rorating the wheel at 0.5 m/s. Warer was then admitted and the
behaviour of any hydrates formed was observed. Plate 25(a) shows hydrates formed
at the observauon window on the wheel. A video of some of the experiments was
shown to the Inquiry. One test showed that, for simulated conditions at the JT valve
of 639 psia (43.5 bara) pressure, 50.2°F (10.1°C) temperature and 15%, w/w methanol
in the aqueous phase, hydrates formed rapidly. The conclusions from the tests are
descnibed in Chapter 6.

Hydrare behaviour

G.39 Dr Johnsen outlined the conditions most favourable for hydrate formation,
given that the system is in the hydrate forming region. If water and gas are simply
left to stand, the process of hydrate formation may take weeks. If, however, water is
sprayed into gas, near ideal conditions occur for hydrate formarion. Hydrates can form
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long before a stoichiomeiric equilibrium has formed between the water and gas
molecules. In some situations not all the water will be converted to hydrates and water
and hydrates will co-exist. In light condensate streams with velocities of less than 1
m/s the water is hardly dispersed at all. It moves along the bottom of a horizonrtal
pipe and gathers in pools in low points in the pipework or ahead of upward pointing
bends.

G.40 Hydrates formed in streams with poor pipe-wetting or water-dispersing
properries present the most problems, sticking on any mechanical obstructions such
as welded joints, pipe seams, tappings, branches, bends and valves or even smooth
surfaces. Hydrate plugs form in 2 ways. One mechanism is where sticky hydrates
adhere o a wall and provide an anchor for other hydrartes as they arrive. The hydrates
may then pack and form an ice-like structure. The other is where the hydrates are not
sticky but form a soft plug, covering perhaps 10°, of the cross-section of the pipe.
Upon hitting an obstruction the hydrate “crain” will start compacting so that within
a few seconds a plug is formed. Hydrates which have adhered to a pipe wall may
loosen upon a slight temperature increase and form a soft travelling plug which on
hitting an obstruction may compacrt into a hard plug. Hydrares formed at one point
may give rise to problems at another point.

(.41 Once hydrates are formed, their dissolution tends to require quite a lot of
hear, and therefore time. The mechanism of heat transfer for dissolution (conductivity)
is different from those for formation (convection and turbulence as well as conducrivicy).
The dissolution of hydrates requires considerable amounts of heat. Thus hydrates
tend to dissolve only slowly and they may survive for several hours after being
transported into parts of the process which have pressures and temperatures outside
the hydrate region. Hydrates may be removed by increasing the iemperature, adding
methanol or decreasing the pressure. If the temperature is raised or methanol is added,
this 1s liable to loosen hydrates from the pipe walls, but not o form water again
quickly, so that a hydrate slurry moves down the pipe. This slurry may then compact
into a hard plug. If the pressure differential across a hydrate plug is increased and as
a result the plug moves, it may travel at the velocity of a rifle bulletr. While this is not
a likely mode of failure for small pipes, it may be for larger pipes.

Source of ignition

G.42 A brief account was given in Chapter 6 of the review of sources of ignition
by Dr J G Marshall. Further derails of this review are given here. Ignition of a
hydrocarbon vapour cloud may occur either by deposition into the cloud of a small
quantity of energy, such as that from a spark, or by heating up the bulk gas unal it
reaches its autoignition temperature. Dr Marshall emphasised the small amount of
energy required to ignite a hydrocarbon vapour cloud. He gave minimum ignition
energics of 0.29 m] for methane and energies in the range 0.24-25 m] for ethane,
propane and butane. The energy needed is therefore very small, equivalent o the
energy dissipated by a 5W torch bulb in 50 microseconds. Ignition sources considered
by Dr Marshall included electric arcs and sparks, static electricity, flames and hort
gases, hort surfaces, hot particles and chemical energy.

Electric arcs and sparks

G.43 Electrical equipment 1s a potential source of ignition. Equipment for use in
hazardous areas is of 2 main types, flameproof and intrinsically safe. The latter is
designed to be incapable of giving an incendive spark. Orther electnical equipment
might in principle give arcs and sparks. It should not do so if correctly selected,
installed and maintained, but might if it had suffered damage or deteriorarion. Mr W
N MacLaren, an Electrical Engineer Surveyor with Lloyds Register, described the
electrical equipment which would be found in B and C Modules. It included clectric
motars, instrumentation and controls, junction boxes, cables, light fittings, telephone
and public address systems, and trace heating. He had noted in one of his reports a
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number of bolts missing on an explosion-protected enclosure and other instances of
bolts and screws missing, but he considered that the incidence of such missing bolts
and screws was low and consjstent with that on a well maintained installation. In 1979
a hydrocarbon gas leak occurred in C Module when a valve was inadvertently left
open. The source of ignition was identified by the DEn inspector as a junction box.

Electrostatic sparks

G.44 The conditions under which an electrostatic charge builds up and then
discharges were reviewed by Dr Marshall. The 2 situations which he highlighted were
static discharge from an isolated conductor and from the human body. A jet of vapour
containing fine liquid droplets tends to generate an electrostatic charge. A release of
liquid condensate from high pressure would give such a jet. If a jet of such vapour
impinges on a body which is a conductor but which is insulated from earth, it can
cause that body to become charged. If the insulation from earth is sufficiently good,
the charge will not dissipate by simply leaking away, but will build up. When a
sufficient charge has accumulated, a spark discharge to earth may occur. The spark
may have sufficient energy to ignite any flammable gas mixture which i1s present. Dr
Marshall quoted a Shell expert, Mr Strawson, with regard o static discharge from an
1solated conductor to the effect that “‘this mechanism has been responsible for all the
explosions known to have resulted from charged liquid sprays”. Examples of isolated
conductors given by Dr Marshall were the nozzle on the end of a rubber or plastic
hose or a spanner not in direct contact with the ground but lying on a piece of tag.
The possibility was considered that under certain conditions, the metal scaffolding at
the site of PSV 504 might have acted as an isolated conductor; there was no requirement
to earth the scaffolding. Dr Marshall thought that the electrical capacity of the
scaffolding would probably be too great and the resistance of the path to earth through
the wooden planks on which it stood would probably be too low to prevent dissipation
of the charge, while if even a high potential did build up the path around the wooden
plank to earth would probably be too long to permit incendive discharge.

G .45 Another source of static discharge considered was the human body. Mr
Richard had gone into C Module o investigate the first gas alarm and may have
entered a flammable cloud. Dr Marshall stated that a prerequisite for the build-up of
a significant static charge on a human being would be that he is wearing rubber or
other insulating boots; with leather or antistatic footwear any charge would leak rapidly
away 1o the metal deck. According to Mr Richards, the OIM, all personnel, Occidental
and contractors, wore leather toe ‘tector boots.

Flames and hot gases

G.46 The flare was a large open flame, and was thus the strongest and most obviocus
source of ignition on the platform, but ignition by this source requires that the
flarmmable gas cloud actually reaches the flare. Hot work activities such as cutring and
welding that night were described in Chapter 3. Mr Bollands had no recollection of
any hot work permits out that evening for A, B or C Modules and the deluge systems
were on automatic, but there was one out for the 68 ft level. There were hot work
permits out for the pump room area and an area described as the ‘‘habitat’” at the east
end of D Module. However, construction work would normally finish by 21.00 hours.

G.47 The painters’ air compressor, a diesel-driven machine, was situated at the
north-west corner of the 68 ft level just to the west of the paint store and, evidently,
just outside the boundary of the Zone 2 area of that level. The compressor was used
to provide compressed air for the painters, who also did needle-gunning work. In
addition, it provided compressed air for the divers” air winches, including that for the
divers’ bell. According to Mr J P Dixon, a painter, it was the practice for a ¢olleague,
Mr S Glendinning, to stay on in the evening to fill up the compressor with diesel, an
operation which usually took him from about 18.00 to 21.00 hours. He was fairly sure
that Mr Glendinning would not be working as late as 22.00 hours; he was unsure
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whether it was Mr Glendinning’s practice to run the compressor to check it before
leaving the job. Mr Punchard, the diving inspection controller, stated that some weeks
before he had noticed sparks being emitted from this compressor. He had reported it
and believed remedial action had been taken. On the night as he passed by the
compressor making his return to the north-west corner it occurred to him that the
compressor might acr as a source of ignition for any escaping gas and he decided to
shut it down. He could not find the shutdown butron and asked Mr Elliott, who was
passing, to assist him. Mr Elliott stated that it was he who shut the machine down;
he had no idea who had asked him to do it. If the painters’ air compressor had been
running and had been sparking, it could have acted as a source of ignition for any gas
cloud at the north-west corner of the 68 ft level or perhaps one falling down from the
84 ft level and being blown north, bur there was no evidence that it was sparking on
the night of 6 July.

(.48 Borh a cigarette and the materials used to light up, such as matches or lighters,
are in principle potential sources of jgnition. Dr Marshall siated thart it is quite difficult
to ignite a hydrocarbon cloud with a lit cigarette and that in experimental trials it js
usually necessary 1o do quite a large number of rests before ignition is achieved.
Marches and lighters, however, give ignition much more easily. In general, there is a
no smoking rule in hazardous areas and the rule is strictly enforced. The rule applied
on Piper.

Hot surfaces

G.49 If a flammable mixture is heated up, it evenrually ignites spontaneously. The
minimum temperature at which this occurs is the autoignition temperature (AIT).
Whilst it is convenient for the purposes of science and engineering to utilise the
concept of an AIT, this is no more than a way of getting a handle on what are in
reality quite complex combustion phenomena. Further, there is no established method
of determining the AIT of a mixture of fuel gases. Dr Marshall gave a table of AITs,
ranging from 595°C for methane to 285°C for pentanes. A flammable gas mixture can
be ignited by a hot surface. In engineering design the temperacure at which this occurs
is frequently, but conservatively, taken as the AIT. Thus BS 5345 sets the AIT as
the maximum for the temperarure of a hot surface. In practice, there 1s a considerable
bur variable excess of the hot surface ignition temperature over the autoignirion
remperature. Dr Marshall quored the statement of Mr Powell that “the case of ignition
of gases and vapours bears little or no relation to their ignition temperatures”. The
lowest excesses shown in a tabulation given by Dr Marshall for small surface areas
(not exceeding 108 mm?, were 302°C for methane, 470°C for propane and 720°C for
pentane. The excess also varied with the type of metal constituting the hot surface.
Dr Marshall also quoted experiments showing various degrees of temperature excess.

i

G.50 The casings of the gas turbines on the cenrtrifugal compressors in C Module
ran hot. The possibility was explored rhat such a casing might have been the ignition
source. For hot surface ignition to occur due to this source, it would be necessary for
a flammable mixture to have access to the surface and for the surface to be sufficiently
hort to cause ignition. Mr ] Murray, an operator, stated that under normal running
condittons the engine casing glowed red, a dull red. One of the checks carried out by
the operator was for uneven glow on the engine. Asked to interpret ““dull red” in
terms of temperature, Dr Marshall referred to a table given by Dr Drysdale, according
to which the first visible red glow would be at about 550°C and a dull red at about
700°C. Another operator, Mr ] E Corter, rclated an incident some 6 or 7 years before
in which in the course of his inspection of a turbine he observed a dull red glow from
the casing of the machine. He informed Mr Smith, the maintenance lead hand, but
was told there was no cause for concern. This evidence suggests it would need
experimental work ro derermine wherher in normal operation the temperature of the
engine casing might be high enough ro cause hot surface ignition of a flammable gas
mixrure.
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(G.51 For this to occur, however, it would be necessary for the gas to gain access
o the turbine. There are in principle 3 ways in which this might occur. One is for it
to enter through an open door, another for it to be drawn in through the ventilation
intake and the third for it to be ingested into the turbine ajr intakes. These 2 intakes
were in areas classified as safe, bur this does not rule out the presence of gas under
more extreme accident condinions. The rurbine compartments were maintained under
positive pressure by the ventilation fan. There were doors on the compartments which
should normally have been closed. The possibility was exploxed that they might have
been open. Several witnesses gave evidence that the doors of both compartments were
always kept closed; this was necessary to maintain a proper circulation for cooling. In
any case, according to Mr Murray, there was a good air flow, normally sufficient to
maintain positive pressure even with the door open.

G.52 Enuy of gas through the ventilation system would have required thar there
was a flammable concentration at the ventilation air intake and that the ventilation
system kept running. The ventilation intake was some 11 ft above the deck grating,
some 2-3 ft east of the east crane pedestal and therefore projecting outside the module.
Dr Davies stated thar in his wind tunnel tests he had sensors near the ventilation
intake and that though some flammable concentrations might just get in, he thought
it unlikely that significant flammable masses would have been ingested. The ventilation
system was designed to continue running for 2 hours after compressor shutdown,
though if a high alarm were registered on the gas detector at the ventilation system
inlet, the system would shut down immediately. The third compressor tripped before
the final set of gas alarms. It is likely that the high gas alarm level was not reached in
the ventilation intake on any compressor but if it was, the ventilation system should
have shut down.

(.53 The combustion air intakes were some 6 or 7 ft up. Again Dr Davies stated
that the wind tunnel tests showed that some flammable concentration might just enter.
However, there was information from Occidental quoted by Dr Davies to the effect
that no more than 259, of the air drawn into these intakes was from the module, the rest
being from outboard of it. From Table G.3 the maximum steady-state concentration of
gas in the air leaving the module for a leak of 100 kg/min (series 42) is 3.7%,. A stream
diluted by a factor of 4 would have a concentration of 0.9%,, which is below the LEL
of 2.1%,. Flashback out through the turbine air intakes was not explored nor was entry
of gas into these intakes after compressor shutdown.

(G.54 If an explosion had occurred within the turbine compartment, the latter would
have sustained massive damage. Such damage would probably have been obvious to
Captain Morton on the Maersk Cutter. Further, this scenario requires that there was
then a second explosion in the module itself. The witness evidence is against this.

Hort parricles

(.55 Hot particles mentioned by Dr Marshall included hot soor and molten metal
from welding and cutting. Sources of hot soot were heaters and engines and the flare.
The possibility was raised that closing of a door after inspecrion of the centrifugal
compressor or turbine comparumnent, such as Mr Richard may have made in seeking
to detect the gas leak, might give rise to a mechanical spark of sufficient strength to
ignite a flammable gas cloud bur insufficiently conspicuous to have been noticed on
other occasions. Dr Marshall agreed that with a heavy metal door, shut vigorously
and making a glancing contact with the door jamb, this was possible.

Chemical energy

G.56 There are various ways in which energy release by chemical reaction can acr
as a source of ignition. Dr Marshall referred to 2 in parricular, catalytic reactions on
gas detector heads and self-heating of oil-soaked lagging or rags. The principle of
operation of a gas detector is that the flammable gas is made to react by the cartalytic
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element in the detector and the resultant temperarure rise is then measured. In order
to guard against ignition from this source, the detector head is equipped with a flame
arrester. If the detecror head were damaged, protection would be lost.

Probability of ignition and of identifying 1ts source
(.57 Dr Marshall was asked his view of the probability that a gas leak in a module

would be ignited. He regarded ignition of a violent release as probable but ignition of
a release which was not violent as possible rather rthan probable.

G.58 At the end of his evidence Dr Marshall was asked how likely he thought it
was that it would be possible to identify with reasonable certainty a source of ignition
for the leak on Piper. He stated that in his experience of some 10 to 20 explosion
investigations cthe principal guidance is from information available prior to the incident,
debris and eye-witness observations, and that only in some one third of cases bad he
been satisfied that the source of ignirion had been found. He agreed that in general in
the abscnce of the debris evidence the chances of identifying the source of ignition
were low, that this was so in the case of Piper and that probably the most which could
be expecied was to narrow the number of possibilicies.

Table G.1 - Ventilation rates obtained for C Module on 6 July 1988 in wind
tunne} tests on I: 100 scale model

Wind direction Ventilation rate (m?/s)
relative to
platform nortlx(®)
Wind speed (m/s)

7.2 8.2 9.2
200 31 35 39
207 40 46 52
218 51 58 65
228 57 65 73
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Table G.2 - Complete list of wind tunnel tests conducted

Series Leak Ingestion & exhaust

Location  Type Angle Rarte In Location Qut
@) (kg/min) {cfm) (cfm)
First set
10 1 ] 150 50 — —_ —
11 1 ] 120 50 — — —
12 1 C — 50 — —_— —
13 1 C — 50 — — 6000
14 1 C — 50 19000 C —
15 1 C — 50 19000 C 6000
16 1 ] 150 50 19000 C 6000
17 1 ] 150 50 6800 C 6000
18 1 J 120 50 6800 C 6000
19 1 J 90 50 6800 C 6000
20 1 J 150 50 6800 A 6000
21 1 ] 150 25 6800 C 6000
22 1 ] g0 25 6800 C 6000
23 1 ] 60 25 6800 C 6000
24 1 ] 90 37 6800 C 6000
25 1 ] 150 37 6800 C 6000
26 1 ] 180 37 6800 C 6000
27 1 j* 180 37 6800 C 6000
28 1 C,2 180 37 6800 C 6000
29 1 C,1 120 37 6800 C 6000
30 1 C,1 120 37 — — 6000
31 1 C,1 120 37 6800 A 6000
32 1 C,! 120 37 18200 C 6000
33 1 C,) 120 37 7000 C 6000
34 1 — 12 7000 C 6000
35 1 G, 120 10 7000 C 6000
36 1 G, 120 4 7000 C 6000
37 Aborted
38 1 C,1 120 1 7000 C 6000
39 1 C,1 90 10 7000 C 6000
40 1 G,1 150 10 7000 C 6000
41 1 J 150 10 7000 C 6000
42 1 Ca 120 100 7000 C 6000
43 2 G,1 120 37 7000 C 6000
44 3 C — 50 7000 C 6000
Second set

45 1 ] 150 100 7000 C 6000
46 2 ] 150 100 7000 C 6000
47 3 ] 150 100 7000 C 6000
48 4 ] 150 100 7000 C 6000
490 1 J 150 1 7000 C 6000
50 2 J 150 1 7000 C 6000
51 3 J 150 ] 7000 C 6000
52 1 P —_ 100 7000 C 6000
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Notes:
Series: Group of runs at the same conditions.
The following applies to the first set of tests (series 10-44):

Type: ] —jet (small hole in horizontal pipe)
J* —jet impinging on nearby plate (separation 1m)
C — circumferential leak

C,n — circumferential leak with n x 120° sectors open

Angle: Orientation of jet
0° vertically upward
90° horizontal 10 east
180° vertically downward, etc.

Gas: Al series used propane at -42°C excepr series 44 which used a cold narural gas,
ethane and propane mixture

Ventilation: Wind induced ventilation was 46 m?/s in all series

Ingestion: Volume of air drawn from within C Module

Location: intake of A or C centrifugal compressor

Exhaust: Total exhaust volume of vent air from all 3 centrifugal compressors
The following applies to the second set of tests (series 45-52):

Type: P — Release from an open horizontal pipe 34 inch in diameter directed towards
south wall

Gas: All series a cold natural gas, ethane and propane mixture
Otherwise as for first set tests.
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Table G.3 - Concentrations and times to alarm obtained for selected wind
tunnel tests: first set

Series
15 16 19 26 27 32 35 36 42

Leak rate 50 50 50 37 37 37 10 4 100
(kg/min)
Leak type C ] ] ] I* C) ON C,1 C,1
Leak angle — 150 90 180 180 120 120 120 120
A - Steady-state concentrations (%, v/v)
Sensor Area
G101/1 C2 1.7 0 0 0 0.6 0.2 0 0 0
G101/2 C2 1.6 2.3 2.5 2.2 2.5 2.0 0.9 0.8 3.1
G101/3 C2 1.2 1.1 0 0 1.1 0 0.2 .0 0.3
G103/1 C3 2.7 34 2.6 2.7 1.5 2.4 1.2 1.2 3.7
G103/2 C4 1.6 2.5 x@ 2.4 X 1.7 0.9 0.8 1.9
G103/3 C5 1.0 0.7 X 1.5 X 0.9 0.3 0.3 2.2
G27 C3 2.2 1.8 2.9 1.1 1.6 2.8 0.5 0.5 3.3
G30 C4 1.5 2.8 X 1.4 X 1.9 0.6 0.7 1.8
G33 C5 1.0 0.8 X 0.6 X 0.7 0.2 0 2.0
B - Time to Jow level alarm(s)
Sensor Area
G101/1 C2 5 — X — 5 - = = =
G101/2 C2 40 40 25 45 30 40 60 65 15
Gl101/3 C2 45 25 X —_ 30 —_ — — —_
G103/1 C3 15 15 10 30 55 15 30 30 5
G103/2 C4 60 20 X 30 X 30 70 85 20
G103/3 C5 105 120 X 55 X 55 — — 30
G27 C3 15 15 15 40 45 15 85 80 10
G30 C4 70 15 X 60 X 25 85 80 25
G33 C5 110 100 X 75 X 120 — — 25
C - Time to high Jevel alarm(s)
Sensor Area
G101/1 C2 — — X — —_ — — — —
G101/2 C2 — — 140 8 140 — @— @ — 40
G101/3 C2 — = X - - = = = =
G103/1 c3 125 3 25 75 — @@= = = 10
G103/2 C4 — 180  x 155  x - = =
G103/3 Cs - = X — x S
G27 C3 80 — 4Q — — 30 — — 20
G30 C4 — 55  x — X - - = =
G33 C5 — — X — X — — — —

D - Area showing first alarm
C2 (C3/C4 C3? C3/C4 C2? C3 C3 C3 C3

E - Time from first to second area alarm(s)
10 0 ? 0 15? 10 30 35 10

Notes:
(a) x indicates that there was no sensor at this point in this series.
(b) For key to leak type and leak angle see notes to Table G.2.
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Table G.4 - Concentrations and times to alarm obtained for selected wind
tunnel tests: second set

Series

43@ 44 45 46 47 48 52
Gas P NG NG NG NG NG NG
Position 2 3 1 2 3 4 i
Leak rate (kg/min) 37 50 100 100 100 100 100
Leak type C,1 C J J J J P
Leak angle 120 — 150 150 150 150 —
A - Steady-state concentrations (", v/v)
Sensor Area
G101)1 C2 0 0.6 0.5 0 0 5.1 5.5
Gl101/2 C2 3.0 2.5 2.6 4.2 3.1 1.6 2.6
Gl10o1/3 C2 0 1.9 3.7 4.7 4.5 3.1 2.8
G103/1 C3 2.0 2.5 3.7 3.1 4.8 4.2 4.0
G103;2 C4 2.0 2.5 34 3.0 3.1 2.9 2.9
G103/3 Cs5 1.9 1.0 2.0 3.5 1.3 1.4 1.1
G27 C3 1.4 1.8 3.5 3.3 5.1 4.3 3.2
G30 C4 1.8 35 2.8 2.4 3.4 3.2 2.9
G33 C5 1.4 1.7 2.4 4.0 1.4 1.4 1.4
B - Time to low level alarm(s)
Sensor Area
G101/l C2 — 115 —_— — — 31 7
G101/2 C2 10 30 35 2 19 84 61
G101/3 C2 — 50 22 5 12 61 25
G103)1 C3 30 40 15 22 35 65 38
G103/2 C4 25 35 14 24 24 76 58
G103/3 C5 25 60 36 16 32 79 112
G27 C3 30 45 22 22 21 73 34
G30 C4 25 30 35 38 31 32 67
G33 C5 25 30 19 11 31 76 77
C - Time 1o high level alarm(s)
Sensor Area
G101{1  C2 — — — — — 59 18
Gi0ii2 C2 35 120 — 25 — — —
G101/3 C2 — — — 11 36 — —
G103/l C3 — 180 — — 46 79 118
G1032 C4 — 120 — — — — —
G103/3 Cs — — — — — — —
G27 c3 — — — — 33 121 —
G30 C4 — 180 — — — — —
G33 Cs — — — 35 — — —

D - Area showing first alarm
c2 C2,C4,C5 C4 C2 C2 C2 C2

E - Time from first to second area alarm(s)
15 0 1 9 9 1 27

Notes:
(a) For convenience series 43 and 44, which are for locations other than position
1, are included in this table rather than in Table G.3.

(b) Gas: P = propane; NG = natural gas
(¢) For key to position, leak type and leak angle see notes to Table G.2.
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Table G.5 - Compositions of process streams used in the FLACS code
explosion simulations

Composition (Y%, v/v)

Component Natural gas Condensate
A

Methane (Cl) 67.75 19.86
Ethane 15.76 18.98
Propane (C3) 9.34 31.06
Buranes 1.97 17.16
Pentanes 0.45 9.94
Carbou dioxide 0.45 0.27
Nitrogen 4.23 0.46
B

Equivalent Cl1 87.66 40.04
Equivalent C3 12.34 59.66

Table G.6 - Work on PPSVs 504 and 505 in the period 1980-1988 spoken to by
witnesses

Darte PSV Test certificate
Flange Signature
No rating for valve
(Ib) overhaul

9.4.1980 505 - None Whalley
30.4.1980 504 - None Black
17.9.1981 505 - None Smith
7.6.1984 505 3046 None Cowie
8.6.1984 504 3045 None Cowie
22.6.1984 504 3049 900 Reid
15.9.1985 504 0018 None Thom
19.9.1985 505 0033 None Ritchie
29.10.1985@ 504 3825 1500 Pirie
29.10.1985® 505 3826 1500 Pirie
16.9.1986 504 0101 1500 Barclay
17.9.1986 505 0104 1500 McDonald
24.3,1988 505 2607 1500 Bruce
Note:

{a) This work was reserzing of the cold test pressure, which was done with the
PSV on the scaffolding, and did not involve fitting a blind flange.
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Table G.7 - Conditions for failure of condensate injection pump A pipework,
blind flange and flange bolts under explosion pressure

A - Pipework: maximum working pressures

Rating Pipe schedule MWP
(bara)
C1D 120 180
Cl1E XXS 320
B - Pipework: yield and burst pressures
Rating Yield pressure (bara) Burst pressure (bara)
Nominal Minimum wall Nominal Minimum wall
Ci1D 429 280 890 540
C - Flange
Rating Class MWP
(bara)
C1D 900 Ib 153
ClE 1500 1b 255
D - Bolis: tensile loads on bolts
Bolt Tensile load Tota) tensile load for
Raring diameter for yielding explosion pressure of
per bolt 300 bara
(in) (Ibf) (lbf)
900 1b 1.125 83000 116000
1500 1b 1.250 105000 139000
E - Bolts: bolt diameters and numbers for failure just to occur
Rarting Bolt diameter (in)
2 bolts 4 bolts 8 bolts
900 1b 0.875 0.625 0.437
1500 1b 1.000 0.625 0.500

Table G.8 - Hydrate formation temperatures and methanol concentrations
to prevent hydrate formation for selected streams in phase 1 operation

Stream 200 210 211 330 340 350
Pressure (psia) 635 635 635 635 670 1100
Temperature (°F) 52.5 55.6 55.6 55.6 55.9 60.2
Hydrate formation 62.5 62.4 620 >556 >559 >60.2

temperature (HFT) °F)

Merthanol concentration @

(% wiw)

(a) o reduce HFT 1o stream 12 8 8 5 6 1
temperature

(b) to reduce HFT o 5°F 17 14 14 11 11 7
below stream temperature

Metbanol concentration @ 17 28 28 28 28 36
from specified injection rates

% Wiw)

Notes:

(a) In aqueous liquid phase.
(b) Calculated from the methano! injection rates specified by Mrs Parerson.

462



Surumol(g

V/N

se3 pue ajours jo uoneeyu]

se3 pue 3)ows jo uoheeyu]

sed pue HOWs JO uoueeYU[

sed pue axows Jo uole(eyu|

sed pue ajows }Jo uolle[eyu]

YIpaQq fo asnno) jodionnay

0Z°2¢ 328

A1u0ys s397 g pue ¢ UsImiaq
J18m i ~ MMT FudS Jayipary
Aq g Xoex] g8 1101 P313a033Y

QC'7T Pue 0Q'2¢ Waamidq
‘WOddY Ul = YT ‘Butssiyy

N0 18 DT jo
¥03(Q (I U1 88°Q1°HZ PILIA0OIY

ULi0J1E[ [ JB3U B3S
JO IOBJINS UO 887"/ PAIIA0IIY

e10L] 1B DYH Jo
W3J q Ul 89'01°9Z P3124022Y

B0 18 OAA Jo
F3J Ut 880197 P213a03dyg

en0] 18 DY Jo
A2 q Wi 88'01°9Z PII12A0ORY

MDY R 2n003y

u22pIaqy
120§ uotufy gl

sdurp(ing uow()
P17 SIDNIIG 2I0YSPQ UIIPIaqy

ulapiaqy
so|[nJ, 1seqy

PROY [|oMUIS0)
IsnNoH poox uyof

31d dnoiny pooyy uyof

uI9pIaqQy
121N01A15 |

PEOY SIIIN AMoUUd)
S¥Iom Aprsuing

P17] SID1AIAG IWBLIBY

u2IpIAqQY
AJBLIA) S UIPNY) ¢
T sdwe)) Suzaie) uaay]

U3IPIAqy A

1LISAIT) SSOW IMOH

P)T $201A13S

®» 3uniognuely uoungley

u2pIaqy
AdRIIA ] 5 0INY ¢
1T sdwe) Surme] uiaay

uadpIAQY

so||n] 1seqg

peoy |[amudin)
asnuly pooxy uyof
Jjd dnoiry pooyy uyof

Hanopdy

#yiuensuo)) Juiai(q

»UBIDIUYD3 [ A[EA

J2UBA| D URIDWYDD |
asuter |

133eueyy 3uiiaie))

Joeanxd()
ERIRUATNE ) Tg|

Jaxeq

19331y

Loupdnoa()

Joeiueng
199118 St

yuequeuuy

(9%) STTIVHD AY¥VE “YAg9vd

y3inqiaselg
MmITAdUL] 8

(P) V QHOAMYVID NOSTIA ‘NIvd

auniaAul

AL PRAYUMO €7
(61) AIAVA MUVW ‘NO.LHSY

AL
Apleoyary

K| [ 2a0uUn(] ¥

(¢£) NHO[ ‘NOSY3ANVY

yosuj
yie IsapAuun(y g¢
(62) SAAQAD NVI ‘NOSHAANY

pESYINS
weppog

1391§ drauopund [
(¢b) [ ATANVXITVY
ADYO0TO ‘NOSUAANY

u2IpIaqy
PEQY UEMOY (L
(6£) HSOLNIYW LY7d0Y ‘SWvaVv

pasnaira(y

Paseadd(q Y3l 01 Sulle[ay UOIIBWIOJU[ JO I[NPIYDS

H xipuaddy

463



SULME AAISURING

SE3 pue MHOWS JO UONE[EYU]

Sutumoa(]

SEF pur OWS Jo ucnEfEyu]

yIpa(y Jo asnnn) podidiidy

88°L°61 uo [endsoy ur paiq

07'2¢ 30J3q

A[1OYs uuogie| ] ply uUotiediaeN

AN U0 — T Fuissiyy

Suissiyy

BLO[] 1 YA JO

30 (1 Ul 88'01° b7 PAIIA0INY

(0S$°Z¢ 1n0qe uuojie(

3O 3PIS \ U0 uanlypudng 3o ]
ut - AT (WrIone|  Igau eas
§O 0BJINS UO 8P 7 1 PIIIN0IFY

Furssipy

£110{4 e DY 30

¥O3( Ut 88°01°9Z PII2A0IY

MY T Lsnoaay

08G9, 2aurig
LN le |

3anj uesf any
vs dixagoD

uddplaqQy

uo(q jo ¥3puyg

Al atowheD) |
P17 (eruopsred)
WINA[0113 ] [IU3PIII0)

ua3pIaqy

RNLg

peoy SpEaYIIa,x\

P17 [BUOUBUIU[ UIPMEY

uasplaqy
uoQy jo 8pug

1S3 |BLIISNIPUT fBJ4NIN
Lgnen

P17 (SOIUOSBII[()) [[3M1S3 ]

YINOLWIE X 18345)

prOY SUIINY
0D Suddyg uasey

U99pI3qYy

uo( jo 28pug

AL 2I0wse|) |
pa] (RIUODI(ED);
LN2[013,] [B1URPIINO

uasplaqy

SON L 15y

PBOY {[9mUd210)
ASNOH paoxy uyof
a1d dnoicy pooy uyof

donopduy

BLTRIITSREY §

0endo

LONINPOL

1noqeIsnoy

191531

20115NSI(J-UON]

UEWEIS

UBIDIUYDI | [BD1133[F

12P19 A\

nopdnIaQ)

Aduel g

uosUBY

A[1IpuEy 1uTEg

najg nedsiO [ Ip Ny

(ze) TNvd

ANVTIOY DIIH ‘NOHINVY L

pueg

MUIAY PIEMDP] T

«TEW URS,,

(8¢ NIATOD

SSOA HAANVXAIV “HANWIAL

ysinquipy

Yoy

19208 WY g

(Lb) 4DV 1 IV

HOAH ‘TOUIANIIDVYAG

pURRA3D)

AQBUIOY ],

AUET Uold[ssey

AL CERLN

——GUNLH—.‘u

9 FIANVYXATY TTIEVINY ‘OY0d

pooumi1aal{
S0[D UANY ¢
b) AUTIHD NVI¥E AOTIHDLVE

110gIe7]
PROY 2{RAUOLIRTY ()7
(Le) NVTY “9dvg

29pun(]

ANUNAY HBJ 1]

' )

JIANVY XTIV DIVYD ‘Av10dAvd

" pas0225(]

el

<l

01

464



SER pue Iyouws jo uonejeyu|

SB3 pue 2j0uWs Jo uoleleyu|

Se8 pue afows jo uollejeyu|

sed pue Nows jo uolereyu|

SES pue 3jOwWs Jo uonejeyu|

$83 pue NoWs jo uongeyu|

SE3 pue NoWs Jo uoneEYu]

SES pue 3djouls Jo UOHE|EYU]

y102(g f0 2snv7) ppdutsg

0572

mnoge yapijpH po Juidurn(

— AT jwWiojie[] JE2U B3S

§O 20BJINS UO 881"/ PIIIA0DIY

enol,J 1 OYF Jo
o3 Q Ul 88°01°¢C P43A033Y

e10].] 18 QA Jo
¥o3g g ut 98°01 HT PA13a029Y

<¢1°¢Z Inoge InY EJ |

Busjuq 01 Jappr| da Juiqui )
— AT 6V 82T wol) s3a133p
SPT "WQS 887LT1 ] PaIRA0daY

e1o|y 18 OYH Jo
qo2(J  U! 88°01'#Z P312A033Yy

eno|y e QYA Jo
A2d d Ul §8'01°9C Pat24009y

e110|3 12 OYMY Jo
332 g ut 88°01°6C Pa13a0day

04
JO A3{ED) Ul §8°6°9 PAIA0DIY

M7 iKavavasy

u22plaqy

peoy] ssoudiep

|

Auedwo)) Juipjoyedss usaplagy

uIpIaqQy
I31j004213(

peoy S| ASUUsy]
$HYI0x dpsuing

Uulu WUUCZQW UMENCUNS.

uasplaqy
uo(J Jo 3adpug

peoy 2sowuag

Y JE101IWWOY) Jesinpy
P17] WIASUAISLIYD) urWISE]

uaRpIaqy
so|[n [, 1Sy

PEOY [[IMUIIIN
asnoy poom uyof

21d dnoiry pooy, uyof

ua:3pI2qy

So[n . 1589

PEOY [IIMUIN
ISNOH podx\ LYO[

5id dnoany pooy uyof

uRpLaqy
ORI | S uINY ¢

PIT sdwe) 3uline)) wapy]

ud2plAQy

SOM ] 1sey]

PEOY (IPMuURdIn)
ASNOY poopy uyof

ad dnoany pooyy uyof

unIpINg Y

peoy ssoude]|

pri

Auedwio) FUIPJOPEIS UdIPIIQY

danepduy

Jaployeds

Jueal)

Jostazadng
3urn i jeuonddng

133307

19UJO
3uipuey 1mdooyayy

ARG JOYT) TUBISISSY

PR

Aaplogpeay

nondinaag)

uaapiaqy

U110

NOJUH Y.L

24010 YsY ¢

(62) NITTV A1AVA “T1A9dWVD

anysserow

JINOWISSOTY

13908 JIIH (

(€2 QTAVA “119ddWVYD

vSn

898LL SEXO L
BIOSBABN]
uosuyo[ 01

O WYITTIA THvD *dssnd

SEEIARIAY

[14201g

peoy yiag 71

(8 SAWVI ‘9DNAUY

UaIpIQy
PROY UIALIION] 1BIO) ¢
L 91IVAD NOAYOD "HONYd

pue|13pung

10y
1UIISIID) AY1010Q dwed ¢ L

(£7) NGHJHLS "NxnOud

23puqizo))
DAL 1UamIay | ]
(62} AYNAH *NAOUd

UB3noagsappin

sHLIE Souun|
ANLDAY URLINY) 4

O O TNO.LS 1EH

FIANIRRRTY

K44

‘6l

‘s

A

91

465



Buiumoig

SE3 pue IJOWs jo uouejeyuU]

SEd pue MOWS jO UChE[BYU]

sed pue axouws Jo uoneeyu|

V/N

sed pUE 30oWs Jo UONE{BYU[

Y103 fo asno)) Jpdvniiay

00°'2C

1n0QeE 18 doysyIoxy TUUNIISU|

Buiaed] — AT Buissipy

Fuissipy

00°C¢ 1nogr

1 doysy104\ 1usnIsu] Jusaes|

~ XD [u110Jie)] IBDU BIS

JO 0BJINS U0 8§77 PILIAOIIY

02 22 13 y29p adid woiy

$221Q OV 3dURIIUA 1B A[qissod

— AT [wIojel] 183U BIS

JO 9JBJINS UG Y§°'L L DIIIN0IIY

NeE1F8F9 32900%E
AWO 88 L0l P3I3a0dy

B10[ 18 OYA JO

¥9  Ul 8801 VT P313A033Y

02°CZ 340529

Anioys wione| ] ply uouediaeN

AN U0 — AT Buissty

enoly 1e Oyd Jo

N3350 A Ul 88°01°¥Z DIIIA0IY

M7 iK403032y

UdPIIQY

30110 ], 1seg

peEUY jlemuasIn)
ISNOH ooy uyo[

o1d dnoiny pooxyy uyof

U20pLoqy

soqja g, 1seq

peoy [lamunaasy
dsnoy pooyy uyof

opd dnoin) poopy uyof
UPpIdQY

so[In 1xeq

PEOY [|9MmUu2dIn)
SNOH poox, uyof

o|d dnoiy poop uyo|

udIpIAqy

0AQg

ABM SPEAY[ID A

£ 1N

o1d M 31esodadsuy

wAPIQY
24Q

peoy SPEIY[|SM

PI7] |BUONRUINU] udapmeg

u3dpIaqQy

uoQ jo 23pug

aau dowde) |
P11 {e1uopaje))
WRI[OI13 ] [R1UIPIIDQ

udIpPIIq Yy
PEON JUBAMO[f! A\

ISNOY fueqmolllx
221U37) ssauIsng UIIPIAQY

P11 Sug >8plag uopuo

UapIIqQYy
so|n [ 1seyg

peoy [|IMuIsID)
ISNOH pooy uyo(

3d dnoicy pooy uyof

43d0)drasg

UBLIIUYDA |
TUIWOIS U

131E)]

10INI07JUBIDIUYID |
UWNISU|

1Y orpey

uewIII(Q

101022d()

uolIAINPOI | PeI

Joreiad(y Avjeg

uBOg

uoi; ng. nQ

Jooda ey
JNUDAY [[emseH 9

(L€} SYWOHI. NHO[ ‘434002

MUCCU”._O

peoyd u:maU 81

(6S) AYYAHS

QAVAJd NHOL ‘X000

IPLQITN ISOM
19241S 38107) 9

{€¢) HONH “YONNOD

Alysujosur AQPa]
peoy UOSH Ol
{0F) NI'TTOD NHHJALS ‘FT10D

prreussquiny)
pIryIseq

suapie widodulie)) 68

(€€} LYAg0Y ‘ANVIAT0

{3noigsa|ppry

uolrrefy

Jueg suoxtqg Qg

(£P) NVIV “43Ld4VD

uIpIAQY

121(N21213]

pToy uoilguolon) Of

(pe) LATLOY “TTOYYVD

yeoiqly

13311§ plemol L1

(6£)

LLvA d3ANVXITIV “TT1DAVD

paspanag

0t

8¢

7

ve

el

466



PaULIB1I3ISY JON

sed pue »jows Jo uonee |

sed pue a{OWs Jo uolle|zyu|

se3 pue 3jouws jJo uole[eyu[

SE3 pUE 20WS JO UONE|BYU]

Julumoi(g

se8 puk ajows Jo uone{eyu[

sed pue MOWs Jo uone[eyu|

Y2 fo asnpsy jodutag

00°2T 19338 A3[(BD)
Jo s100p N 18 — M\ :uszunf
AQ 61 oRI ] 88 [ 1'ZZ P124033Y

20| ] 18 OYH Jo
Yoo ( Ul 88°Q $Z P3134A003Y

B0l 18 OYF Jo
%9 Ut 98°01°97 Pa124039Y

enol 18 QYA Jo
A2 d Ul 88°Q1°HC PI194033Y

e1no[g 18 DY4 Jo
¥o3g  U! §8°01°pC P3I34033Y

Gl

INOE 18 WA0Y OIPpRY JO dotl uo
— AT '§'V 39T wory $33133p
0€0 ‘WL 88'L L1 P310a009Y

enojg 18 OYA Jo
A9 Y 88°01°6T P13400Yy

enod 18 DYT Jo
F33 d Ut §8°01°97 PaIaa0d3y

My 710uza000y

uvIPIIQY
A

A2\ SPEAYIIRM

£ anun

31d y N MNero1dsdsuj

udpIqQY
33e110] SUIdIND ¢

P11 sdwe) Sume) uajd]

u22pIIqy
uo(J jo I38pug

QAU rowhe[) |
P17 (RiUODa[R]))
WIN3|0N3J {RILSPIIDQ

u33pIaqy
uo(q Jo 3dpug

A1 JI0WAe)) |
P1T (e1uopse))
wWna[0N3d [BIUIPINI0O

ulapIaqQy

uo( jo 23pug

Aauqg asowdeD |
P11 (eruopare))
WNA[O119 ] [RIU3PIID

uaIpIaqQy

peoy sssusrep|

P11

Auerdwo)) JUIp[oyeds UIIPIaqy

uIPIAQY
ERLABEN JERIEE g R d

P11 sdweD) Supae) sy

u33pIqy
20eI1] s, U ¢

P11 sdwen) Juuie]) UrA]Y

1380)duzy

122u1duy Wodd|a ],

pIRMAG

#dng
uolpdnpoi] Aindag

LURIDIUYDD |
122131039

#iosiaradong 3uwyuQg

Iaployens

piemalg

J2Ud

1o1ypdnaoe)

UAIPIIQY
AN

Jlex 2onig L

(8€) NIHJALS NHO[ ‘NOSA VA

U3IPIIQY
08| ] PIneAIIAU] OF

(92) OLI'TOdIH dsOf ‘YATIS va

ansnoute)
13311 IpIsAe [ (2
(6¥) @AY vNH3H ‘S1.LAND

ul2pIaqy
usay3|uIog

AL 3PS, 001

(£b) NHOI Qv gd ‘NddmOdD

uRPIQY
A0BLID ] BYURAI(T Q1

(1€) NIAAL NVTY DID0aavidd

UIpIAqQy
1U3I5317) pUBQUI ¢€h

{927) NHOI[ TdVHDIW ‘X0D

Spdng

12318 213ulr ] \Inos

(Jeaaary

(2€) NHO[ WVITTIA ‘FIM0D
ure

peoy BurioWw 7

(L) NNAN WVYITTIAN ‘SLINOD

pasvasrag

‘8Bt

Le

9¢

k32

be

te

42

467



Se3 pue MOWs Jo uoUR[RYU[

Alnfuy jeutwopqy

se3 pue Mjows jo voneeyu|

Fuumolr(

sed pue Iows Jo UOHE|RYU]

se8 pue sjows jo uolie|ryu]

sannful jeuiwopqe pue 1sayn)

Iy ul ieag
y1paqq fo asnor) (pdiuiay

eNoig 1 D¥JF 3¢
I G W 880167 PIIIA0IIY

00°2Z I21Je 103 D-J0 JopLiIod

ut — AT gV 3] wody $23330p

PSO ‘WSOZ 88°L°0T PAIIA0IIY

00'ze 1138 doysytam
[=oreydaw ui Ljqissod

- AT ¢ 89T woay s32133p
09T ‘WS 88°L p1 Pa12400Yy

¢y a1 woyy $d3313ap
110 “WHP 83°L°81 PAIA0day

00°Zz

131Je Wwooy sjeldieyy utl padden

= AT NEEIFSPY ‘I TTORE
HWO 88 (1L Paiaacday

B110[ 12 OYT JO
AR YV UL 88017 (€ P13A0IY

0F'ZZ 1ROQE FOIPIPH

Q1 I9PPE] iBIU AS[[ED) IPILINO
— A wiojiel IBAU Bas

JO 35BJINS WO g3/ "L PAIIA0IIY

NELHESTY “HEZ00FE
MWD 88'8'61 Pataaoioy

nxNl _A._A.Lu;:u..\.x

ulaplaqy
IeLID]. s BRINYD ¢

P17 sdwer) Juiisie)) uia[RY

U39pIIqy
AJ

PEOY SPEAY{IAX\

P17 {RPUOLIEUIIIU[ UIPsRY

uIepIaqy
ADAQ

PROY Spey{a/

P17 |BUOLIBUIIIU] UapmEY

123pIaqyY
ERLYg|

pEoy spuE|poosy

S1uuf)

p1] Auedwon) $351a128
QUUEBW X [RINSNDU] UIIYIION

nIAPIAQY
uoqy jo 28pug

aan( 1owWde) |
PI7[ {(BIUOP3[E]))
WINJJOIIR ] {BIUIPIOIY

uadplaqy
DA

prOY SPEAYIA M

DI {BUONEUIDIU| UApweq

uadPIAQY
AR SEN SENRR TR
pI T sdeny 3uiimen) UadY]

uddpPIAQY

ua(g Jo 28pug

JALI(] dIOWARD) |
P1] (RIUOPI[E))
WNAOI [BIUIPIODY)

danojdney

piemalg

101e23dQ BURID

»INOQEISNOY

Jasursuyg

UBW
sjeuReyy 3uijug

« UBWLIOO[

plemals

FIND BONDNPOlY

[ITIITRRTS

APISAISIIW

124\

[s{RRGIAY;

QUE Isnoyire) pj|

(82) NV¥TV AIAVA ‘SI'TTH

pung
A YImEH 901
(85) AIAYA WVYI'TTIA ‘NVONNA

uRpIQY
Aeg 340D

AL sAAp3ueY b

(6€) ANIAYT SYWOHL ‘'NVYONN(I

uavpIAqQy

uo(y jo 28pug

2a11(] 3umodieg og
AATVA ATIIWAOL)
(££) NHO[ "NVONNA

pEIYIAR]
proy $3edU 01
{6F) DIEN ‘'NVINNA

UdIpPAAQYy
QAU |[PALIED) (¢

{6T) AAVAUL STTYVHD "NVYONAA

Adpun(]
JAL(] soyRwie( 12
16T FANYXITY 'NYONNJ

LD0pIngY
UAYIO |

pray purpunig

NSRRI [1)'\ W

09 O18:1 "1 1443 A:Q

N_.J.J.sg.d.u..—A \

9P

SP

had

%%

7y

o

‘ot

468



SeJ pue 2y0owWs jo uonejEyu|

duiumorq

sed pue 2j0LUS JO UONEBIEYU]

Sed pue a3OWs Jo UoHEJRYU]

sed pue »ows Jo uonejeyu]

SE3 pue 3j0Ws Jo uoliejeyu]

sed pug Mows jo uonefeyu]

sed pue 2j0Ws JO uonejeyy]

y103Qq fo 2snpy Jodditiyg

Oda
JO A9J{BD) Ul 9R°6°0 P310a0d0Y

0Z°2z 3k yoap 2did jo apis

S uo — AT urojle]J Iesu eas
3O 20BLINS U0 8] L") PII2AGIIY

210 ] ' DY Jo
A W 88'QI'FZ PII12A00Y

€110[ 1 OYH Jo
A3 d W 88'01°HC PaI2A00Yy

€110 18 OY Jo
A3 g Ut 88'01°5¢ pa13A003Y

uLojie| JB2U B3IS
JO 92T3INS U0 82"} PAIIA0OIY

e110[ 18 DYUF Jo
32 g Wi 88'01'bT P424003Y

enofg 18 Y Jo
M3 g Ul 88°01°9T P10y

MO 7 K003y

AP Y
so|nJ 1sey

proy (129MUdn)
ISOOH poogy Uqof

51d dnoany pooyy urof

ud2pIQY
ABnQ) BIDO ]

PIT g5 voul] aeqoddeyar

UIAPIOQY
WEIID ] KUY ¢
P11 sdwed Guniden) utsly

UAAPIY
so[n ] iseq
pPEOY [{ImU3IL)

ISNOH poexyy uyof
>d dnoacy pooyy uyof

uapIRqY
so[jn_], 1seg

PEOY [lomusIn)
Isnay poox uyo[

5id dnoany pooy uyo(

Uus3pIIqY

uo(q jo A1Bpug

AL 10whe|) |
Pl (e1UOpajRD)
WNIODJ [RIUSPLID()

u22pIIQY
uo(Q] Jo 23pug

JALI(] dI0WAR]D |
P17 (eluopare))
WNIJOAIFJ JRIUIPIII()

uIaplaqy
ERNYG

PEOA SPEIII M
PIT |BUCHIEUINU| USPMEY

A2K0)qruzy

nogesnoy

oudug pnyy

YD) ueIsissy

1201 adiy

1Me|d

UBIDILYDD [ [BD1IID2]9

Jolerad() uonINpPol ]

JMUBYIIW Josiazadng

1o1DdnaaQ

[{RRTpF RV
proy Aeuueag 01

(€e) 1LAVYNLS LAUETY “TTID

pueppuUnNg
proy uOilA Rob
(¢p) LSANYA ‘NOSIIO

PRIYIAD|

feg uapnin)

A peayorry 4

(90 TANOIW ‘ZIAATLST-ZHAATVO

}IOUIIIN)

1926 WAy 67

(0g)

NFANO TANWYS AIHDVTIVO

UYSIAY

UBSSOIPIY

prROY uury 4

(IP) YAV HTANVYXITY ‘ATdA

puejaadD)
wey3ui iy

une] unduimQ

9S0[D MAMUY B

(0F) ADYOHAD “AALMOI

Japung

Yragiuopy

AL Wey3uLIdYlod 7

{19) ADYO0AD

AVMAJEI ATOAUVH DO0Td

urd|g
RUAESL
38eno) (0147
(8¢)

SANVIMAN SYTON0d ,_?J.QZE

paspaio()

R3S

rd
I~

0¢

ob

BF

469



VIN

YIN

se3 pue Dfows JO UONEB[BYU]

YN

sed puz »ows jo uoneryu]

S3N{ul 359Yd pue peaH

ViN
Y103 f0 asnp) Jpdnriyg

0222 93033q AJuoys
Y39p adid uo - NI :Bursstyy

00°¢c 13e
uondaday ur - T Juissiyy

0072 124E
200{] A U0 - M1 Buissi

e10]4 18 DYT
JO A3 g Ul §8711°C PA12A00Y

00'2C 421e doysyiion
[BatURYDI Ul — AT :Fuisstiy

F110] 12 DY jo
3§03 @ Ul 89°01°62 PIIA0IY

NZSTHIP9 ‘F0600bE
AWD 88'L°C1 PA124023Y

Ob'cz 19ye
Ajaoys waopg(J Jo IPUI03 MS
spiemol Julod - T Sulssiy

ALY 7 N300y

uadPIAqQY
uo( jo 33pug

AA12(J d10WAeR) |
P11 (eruopared)
WN20N3J [BIUSPIIQO

u32pIqQY
PeOY HUeqmOl(IA

3SNOH qUeqmO||I M\
311U37) ssaulsng UdPIaqyY

pyT 3ug 33piig uopuoJ

u2IpI3qY
A

PEOY SPEMILd/X\

P17 |BUOHRUISIUT UdpmEY

[VEETe ETe AW

224Qg

pzoy] uolje,

PIT

€25 Y1ioN 3uiddo] uonerojdxy

UddpIaqQy

MAQ

PEOY SPE2Y{I3,X\

P1T [BUONEBLIIIU] UIPMEY

u22pIaQy

So[in I, 1sey

PEOY [[2MU316)
ASNOH PoOOx Uyof
3d dnoiny pooy uyo(

uRPIQY
ADBIIIT S udANY €
P17 sdwe)) Suliaien) ulapy

uaspiaqy

SO|R L iseq

PEOY [[SMUNRI)
SN0 poo,x\ uyo[

31d dnoiny poox uyof

anvpdisg

UBIDIUYDA |
[221UBYIIW

1018124 A13)BS

L UELLIIOON]

15180]020

¥ UBUIIO10|A!

1auig]

plemang

12111y
ady [ 1udwnnsuy

1oIndnaa()y

SPISIYS HHON
38uri0) umssig
3s0[D A3SU3Ad] T

OP) HLANNAIY ‘WYHYIO

uelno iseq
BIOEINDBLN |

puim yiog L

(1p) 497 AIAVA ‘NYWIOD

uspIIqy
HNOD ISy L ZL
(8£)

AVYEO @AVAJT STWVI ‘NOJIO0D

ANYSNIOA {INO§
weyIayioy

uoluIms

19211 WRI[IMZIL] Z2[1

€44

J9940d NEHJILS 'NIAdOO0D

uﬁmﬁOﬁ.:wU

suspaen) jjuudterd ol

(LE) SYWOHL

IV MAT NHOL ‘dJ40H1A10D

uilyadag
MIUTH Ob
(b2) NOVHS “ONINNIANITO

APISAISIDW

SUIPH 1S

uonng

aa01n) dyiyg 9

(6€) AYUVd NIATY ‘NVOITTID

uliexN
Yigg (1'423poT T
(0<) NVI ‘SYFANVIIIO

PIspar(g

K4y

‘19

‘09

0%

85

LS

470



Se3 pug »ows JO Uonejeyu|

Se3 pue ayows }Jo uone[eyu]

sed pUEB qows Jo UoNe[eyu]

se3 pue jows JO UONElBYU|

VIN

Julumolg

§¥3d pue ows JO UONE[EYU|

y1paqg fo asnoy) jodaiyg

8110 18 QYA Jo
A3 q Ul B8'Q17'9T P313A033Yy

Sy 827 wouj s32180p
€0 ‘WZG 88 L LT PI12A0OY

<0 gz moqe uondasay
1% — O[T (WI0JIe]J Je3u e3s
JO DBJINS UO 881 L PIIA0INY

¢y 927 woiy s22132p
90 ‘WIZ] §9°L°ST PII2A033Y

02°C2Z 310J3q A[I0ys 5 "wody
30 dor uo - M\ YT :Buisstyy

0Z°ZZ 43158 yd3p 2dd jo apis
S U0 — MMT :ULIONE(] IedU B3S
JO 3JBJINS U0 881" PIIIA0IIY

eno(g 18 OYF jo
¥ g Ut 9B°01°£C P3134009Yy

N TiK422023Y

uasplaqQy

so{jn ) 1seq

pEOY [[3MmU2310)
SN0 Pooxy Uyof

aid dnolx pooy uyof

uaaplqy
30'1ID Y suIND) ¢

P11 sdweD) Fuiraie]) ulay]

u39pAqy

uo(g jo ¥8pug

AL 230wAE[D) |
P17 (B1UOPI[E])
WN3[0J13] [BIUPIIIQ

ud3pIaqQy

uo( Jo 2Adpug

JALI(] 3d0WAR|D |
P17 (eluopsje));
wna|0d13d [EIUIpIQ

U3pIdQy

so||ny iseq

PEOY [|3MUIRI0)
ISNOH poox, uyof

531d dnoig pooy uyoj

uaspIAqQY

uo(q jo 33pug

A s1owike]) |
PIT (BrUOp3[E))
wnJ(0I13J [B1UIPIIQO

us3pIaqy

uo( Jo 23pug

a1 a10wAEB) |
P17 (B1u0p3(])
WNI[0113 ] |RIUIPII0

43f0)duzy

Jostazadng 3unddry

PIEMIANS

Lueiduyd2 .

1e21192y

J01e13d(Q UGIIONPOI |

1831y

101e19d() A13jRS

J01E12d () UONIINpPOI |

uonodnrry

A3se{lEM
JA1I(] SPUR|SSOW €727
(6€) LY39TV SVWOHUL 'STIAVH

1834\ PUB QUA |
puas|e M
1y=)ey

350{0) uoisog ¢z

(1£) NV "AVH

21Iysayy
uo13uuiIe x

wwi |
peoy Yoolyg |
(6b) NHO{ ‘LLAMDVH

UBIYIOT 1535,
aodyuuey

peoy ysinquipyg

spue[ptey 0

(#6) NHO[ TAVHDIIW ‘SAA0UD

SpiAYS Yanog

13N070) WInNqQmaN 2

(v%) HdASOl

ANTONT JTOYVH ‘NIIYO

u22apIAqQy
o211 PlOjAIYIRIY L1
(6%} STWV[ TINAD "AVED

SSIUIIAU]

N20SSIY YIION
PeROY BINTWISWNIJ 07
MITADEN]

{1¢) NHO[ ¥9.L3d ‘LNVED

paspari(y

69

89

L9

‘99

S9

A2

€9

471



sed pue NOWS JO uoneeyu]

samanfur apdnmny

Vi

Juiumol(]

SE3 pue ajows JO UONEfEYU]

se3 pue oWs Jo UONR[RYU]

SEE pur ayours

O uonE[RyU|

Y103 [0 asnvr)y (pdionra]

B110]] 18 QY Jo
A3Q (I U 8801762 P1aA09Yy

¢y 821 woag seardop
12¢ "WQT 88 L HT PRI124009Y

07°2¢ 1°YyE
Ho9p adid uo - T Burssipy

Sy o] wolj saaidop
T1Z W99 §8'2°91 Palasnoay

NETIESTPG "HIFLORL
JWD 8876°6T Pa12a0da]

811014 18 QYH JO
vmouﬂﬂ Fﬁ C_. %T«A;m.m. U.uhb../..vUUNm

210 12 Oyd Jjo
120 d Ut 88°01°pZ paiaaoday

AP A BRE DR

u9pI1aqQy
so|n g iseqg
PEOY [[PnuaI0
ASnOYH pooy uyo[

opd dnoiny pooxyy ugof

uddpl1Iqy

sojn 1seyg

PEOY [[omUI210)
SNOH poox, uyof

o1d dnosny poos uyof

usaplaqy

AL

PROY SPEY[1dA

P [PUONRPUIDIU] UdDPmEY

URpIqQyY

924(]

PROY UOI[®x\

M

eag Yyuoyn 3uwddoT uonesojdxy

udApIAqy

A0A(]

PROY SPeY|[DM
SwsAg BUurdson]

PIOIREL LAVW NS 311049 [N

u2IPIAQY

304(]

PEOY SPEIY[|D

pr] [ruonenlalu] uspmeyg

uIDPIAQY

unQ jo 23pug

DALI(] dIO
PITT (RIUOPI[ED]
LUNDOLID [ [B1UIPIN()

anopduey

UEIDIUYI T (821219319

1318

¥ I JUEISISSY

WdaIn

18180001)

URUWLIOO{ Pea|

Hrudng
CRAIES RINR RRIINEW

rapdinag)

p[reulsquiny)

1BJIOPUO)

peoy birusHnwwng 9]

(€b) LYMOH WVYITTIAN ‘ATT1aM

AR SSAWD A
i prROY PUBWIOT (L
(6% HYHJOLSIAHD) ‘HO¥NVAV

Alpieq

1Lmiue |

MBJ SPURIPOO X

palyayuilg joaH ¢

(Le INVYD AHYI4dS ‘SHANOT

A1 SIdg[

Suipeay

pIoyuIys

BNV IS I SRV IRE G e

(87 NVYONAA "SONINNAS

PRI ESTREN |

AYD0 L]

22BN [, UOXI +

CCOY IRAHHOA dUTTHE "NOLSNOH

UudAPAdY Y
] pesydlzey ok

(87)

WV TTIN QIAVA "NOSATANTH

g

Apreaay

SUDIPITO) YUIOTMNIIA R
L SHWVT OO LT

s

9L

"~
I~

BL

o
b~

0L

472



VIN

Se3 pur ayows Jo uoneeyu|

sed pue {ows jo uoneeyu]

VIN

sE3 pue I{OWS jo uocueRYU|

SE3 pUE IJows Jo uonejryu|

sed pue 3MoWs Jo UONE|EYU]

Yo fo asnv) |odiruiid

GpZg 1)2 AqQussod ‘asnoH
MM U - NHT FulssiN

ENOJ 18 QYT Jo
A9 J Ut 88°01°9Z p3Janoday

ENOJ. 1€ Oy Jo
ARJ d U 88°Q1°ST P31aA033Yy

BUISSTN

ENO[ 1B DYT Jo
H3Q g U 88°01792 paJ24009Yy

B1O[] 1k OMHMH jo
X3 Wi 98°01°9C P3I34009Yy

€110{] 18 QY4 Jo
A2 d U 88°Q1°6T PIT34A023Y

M 72000y

ud3IpIIqy
prROY SSAUMIEL]

PY]

Aurdwo) 3UIP{OYRIS UIIPIIQY

uPIIqQY
heIYes

PROY SPEIY2 4\

PYT [BUONBUINU[ UdPraEY

ulaproqy

perOY SsauAILY

Py

Aurdwo?) Suproyesg udaplagy

uNIpLOgY
RRUARCRERRIEE 1 T I e
p1] sdwe) ulMNe) A

ul9pIdqy

so[n [, 1seq

PROY (|PMUdID
JISNOH PooOx\ uyo[

d1d dnotgy poopy uyof

uddpIaqy
ua(] jo >3pug

dau(] Mowdel) |
P17 (Rtuopsje))
WINJ[OIR [EIUAPIII0O

usdpraqy
3IRIII [ s uddnd) ¢
P11 sdwe)) 3unmne) uraad]

1260)dwzy

1pIOYEIS

mnoqeisnoy

fapjoyeas

piemmg

1NOQeISNOY

101e13d Q) UondNpoL |

piemdg

uoNPINII()

MmoDNe|)

uo)adpug

20R113 | pJrUIAg §/C(
(TTdHAWVYD Alsawop)

(L%)

OVTIIVA AVTANIS LYODT]

:vv—.ﬁUL/\
NEC) spneq 9§
(6C) WYHVED ‘FrAMvVT

puRjIAR])

uoI¥oNs

YoImIeg

£q918uy

SO AedYg BT

e TAVHOIW TJONIYAL "TNOAV1

Japun(]

A1134 Mydnolg

AINUIAY IO ¢

(8€)

AZDAOT YTANVYXI TV 'ONIV]

ydnquipy

12216 UOSIIIOW 611

(L£) SATAVHD

NOQIOD LIYNLS XONI

PUR[RAID
uinqieg

uo1duisey

QALY shue[iBIY M €

(19 NVIdE NHO[ ‘Ag91

PUBIDQWINYIION
yiilg

AMI(J ety ¢

(€0 NVI ‘NOJLONITTIA

PaspadaQy

£8

8

08

oL

‘8L

LL

473



PIUIBIIIISE ION]

se3 pue J)ows JO UoilejeYU|

Se3 pue HjowWs JO UOLEB(BYU]

sed pue »ows Jo UONE(BYU]

sed pue Ijows JO uone[eyu

sed pue aows jo uone|BYU[

sed pug »oUIs JO uoneeyu|[

PIUIELIIOSE 10N

Y1oa(g fo 3snv)) (pdouiay

[ox:!
JO A3[|BD) UY 88°6°9 PaIaa03dy

enolg 18 QY4 jo
F3d d Ul 88'Q1°HT PII2A039Y

210|J 18 DA Jo
¥93 Ut 98°01°9Z P313A033Y

enol 1@ DY 3o
A9 Q Ut §8°01°6T PaIaaody

B0 18 DYH Jo
A3 Q ©t 8801797 P333A023Y

Oxd
JO £3[(BD) Ul 88°¢°9 PAIIA0IAY

B130({ 18 DA Jo
X223 Q Ul 88°01'pT PaiaA039Y

NSROPRY9 'ATS10bE
YWD 6879°7 P31ar0Yy

MY T{%4a032y

u23apIaqy

sO[in I Isexq

peoY [|3MUIID
9SNOH poo LBYyof

J1d dnoiy pooxy uyo[

UaIPIAQY

BRI Vg

peECY SpERY(]d X

P [BUQNBUIIWI] UIpmeq

ud2p1aqQy

24Q

peoy speay|(da

P17 [BUOITRUIIIU] UpmEg

u29pIaqQyv

so|n_[ 1seq

PEOY [|2a1U3210)
ASNOH poox\ uyof

9]d dnouny pooy uyof

uadpPIIqQY
AJRIID Y S UIAINY ¢
P11 sdwie)) Buuane) WA

u22pLIqQy

DA

PO UolfEs

P11

€3g Ynon uidgo 7 uotnesojdyyg

ul3plaqy

sofin ] 1seq

PEOY [[2MUI3LD)
ISNOH Pooxy uyo[

71d dnoaz)y pooyy uyof

u23pIaqy
1IY1S9 /xy

EIST |ELIISOPUL [[IYISI 0
ISNOYH euNng

a0ysy eung

43k0)ducy

UBIIUYIS ]
O'V'A'H

JEEIHELTE § Slile}

<UBWIOIOW

12830y

pIemns

123307

111y adyyg

UBIOIUY22 |
rydeadoloyJ

u0110dnas()

u9pIIqQY
K130,
suspiery $saudal0) ¥

(19) SAWV( ‘HOOTINDW

JNYSIAY

pIoyIny

peoy suloNew 9

{6€) ANVTE09 33909 “1TIVOW

RERF

uop3uiiuny

PeOY JlesuUNg ¥

(9€) NVI ATNAIS ‘HTAOIOW

SSIUIV
11144t 9¢
{€€) NOSTYMOW NHO[ ‘N1LYVW

U3IpIAq VY
POy SSAUI[PIL) 66T

. 09)

ANOWAVY WYITTIA “AFNOHVW

PRWIYS
proy [[EsIPY £06

(22)

A0VUOHD NILUVIW ‘HAAVILSONOT

R

Aeg A28

AN0ID) UOSIIN) 6

{(62)

AIOAOY LYFdOd ‘NHO(ITLLIT

y3inqurpy
A0UIAY OB (2
(bt) NVIYE NODHLIT

paspasacy

06

68

‘88

99

474



duiumoa(g

SE3 DUE 2OWS JO uong(EYU|

sed pug ojouwis jo uoneeyu|

viIN

Alnfuy 153yD)

sed pue Iyows Jo UONB[BYU]

sed pue axjows Jo uoneeyu|

Yivaq fo asnosy odouisg

0F'22 19138 ApIoys

WI0IR]J JO SAUI03 X\S SPIEMO]L
Ju108 — 4\ T (WLIOjIR]J JEIU B3S
10 DBJINS UO 987"/ PIIAA0IIY

GV 327 woiy s22133p
ppO ‘W8 88'L'H1 PaIan00ay

eNno|q 18 DY jo
o9 @ UL G8'01'pC PRI240IIY

Burssiyy

WLIOJIE]] IE2U E3S
JO 238JINS U0 8877 PIIIA0IIY

eno(g 1e OYPH Jjo
3 g w 88°01'47 PIaA0IdY

Bursstyy

£110]] e DYA jo
}33Q d Ut 88'01°9Z Pa12A0a3y

M1 ...ﬁm_guuﬁ

uddIplaqy
so|jn_j. 1589

pPROY [(aMUI3ID)
ISNOYH pooy uyof

o1d dnoigy pooy uyof

uaspIaqy
so[jn [ 1seq

peoy jlomuin
ISNOY pooy uyof

J|1d donoiny pooy uyo[

uPIIqQY
24Qg

peoy SPEaY|I2/X\

P17 [BUOUEUIAIU] Uapmeg

u3aIPIAQY
sojny. 1seq

PEOY [[SMUIIIN)
ISNOY pooj, uyof

J1d dnoiny pooy uyo[

u22p1IQYy
3081131, 5. U] ¢
p1 sdwen 3ulNED) A

us:plaqy

sof|n ] iseq

PEOY [[3MU33I0)
ASNOYH Poo\ uyof

o1d dnoiny pooyy, uyo(

uasplaqy
so|jn] 1seg

pPEOY [1amudaIn
ASNOY pooy uyof

31d dnouny poox uyof

u22pIaIQY
uo(J Jo 8puyg

JALI(] dI0WARD |
P17 (etuop3(e))
Wwnajon3J |eIuIPIdIQ

1280)dtag

uerdLIoalg

UBISIUUDA | 2a|BA

UBLIIOO[]

12831y

plenaig 3uiped |

pusys3ieyn)
|e21119319

1518

uewuyea ]
[ESTUBYDIVY

uo11pdns10)

modse|n)

2PISPOO\

9BjJ Anupn |

(Op) QYVMdH

SATAVHD NITHONVTIW

ydinqiosery

peoy 159 1€2
(£€) NOQHOD “AVHIW

guan g
AEx PPRYY3IH 08
(+7) HONH WVYIT1I24 '"HSOLNIOW

apun(

Aali Anug ¢

(18) SYFAWWNS

SYWOH.L AO1HIadFdd SHNDInW

umapIAqY
131021919

153/, Suaple) uovisuyo( |

(81)

JOAYOID WVITTIA HOOTYDIW

pInEUIdQUIND

In'yuoiqy

1ano)) adew z¢

(8€3 TIAN.O SYWOH.L ‘NVAIIW

JUBQIPAID
peOY) Poomisa 6T
(SP) 4AANVXITY ‘AN TIINW

modse|n

sddaig

NUIAY IS 9

(€€)

SAWVIATVLSITY ‘ATVYNODW

pasvaI2(q

60

‘86

Lo

96

56

Po

t6

475



Se3 pue Mouws jo

sed pue jows jo

Sed puz 2ows Jo

sed puB ows Jo

se3 pue Pjows Jo

sed pue ajows Jo

sed pue a3ows jo

sed pue Pows jo

UonRIRYU |

uoneeyu|

uone|eyu|

uollereyuy

UOUE[BYU]

uone|eyuy

uoneBYu|

uonejeyu|

yipaq fo asnoyy jodioutag

) D43
JO AQ[[BE) UL 88'6°9 Pa334009Y

ENO[ 18 OYH Jo
%2 g U 88°01°6T PI1dA0OY

Q0 zg #e3je uondanay
1B — T 1Y 3277 woiy s2218ap
160 ‘WOl 88 'L TT PR1A0INY

NI 1P8P9 '‘A+0Q10bE
HIND 88'8°€Z PoI24003Y

e1o] e QYA Jo
F2d q Ul 88701797 P3IIA0IY

ENQ|q 1& OM—MH Jo
$3Qq @ W 8RO T DIIA0INY

e10] le OYH Jo
P23 Y 88°01'HT PIIdA00Y

enolf 12 DAT Jo
$93Q {J Ut 88°01°6Z PRIA0IY

AT a0n000y

U2pIAqy

PEOY SSIUdIE]Y

P11

Suedwon) Julpjogedg UBPIIQY

usapiaqy
WA

1U2SIED) SPRIY[I9,M
|BUONIEUIAIU] 11233 99D

UPPpIRQqYy
131|N2I213]

PROY S{IIW A119Uud
QIO “pisuing

P71 $301AIIG IWEBUITYY

U20pI3qQVY

{1525

01EIST [RIISAPU] IS N
asnoy eung

JloYsy() euUMNS

uepIagy

sapn g, 1seq

PEOY j[emudI0)
ISNOH pooux uyof
o1d dnoigy poo,x uyo[

uldpIAqy

MDAQ

215 [BIISNPUT SPEAY[[2
gy N

PY] SIARG g W

ud2piaqy

SON L 1seq

PEOY [[PMUIdIN)
ISNOY poox uyo(
o1d dngy pooy uyof

uIRpLqy
192Ng HOqIY ¢
P17] (UADPI9QY ) $IJNAIIG UDANDT]

danopduy

JaployedS

1SIWAYD) {BHISNPU]

Llosiazadng

128381y

DPPA

1oeiad(y uoudnpoly

12331y 10107 12918

10103dsug
20URINESY MI[END)

101NdN)()

231

YIASOY

J0BII3] WiBl] Q

(€2 JINVHL ‘YT TTIW

Louy1Q0

LM

U083 p1ay 9

(19) AIAVA NVIV MITIW

ueiyio[pipy
yuayreq

A0B4IA |, S131{RS §

(2€) "TIVHOIW

INIWT T ATIId UV TTIW

sp121yS Yinog
peoy SsHea IBUSIeW £L]
(02) TYVD 'SNAVAW

p slaliEbity)

19211G SUIBIW 67

(1¢)

NYATPW QTYONA ‘SWYITTNIW

PIIYSIAY

S1B001[BS

proy Adae) ¢

(9¢)

NOSIHTIV QIAVA “AINNITHMNW

guang

yoojdey

peoy apispoomy gbs

(6} SIDONVHA 'IAVIIW

PIOHRIG
J{BsOUN)
ure] Mediajoc]

(1B SSOM LAVALLS "HAN ‘dOT W

paspans

L01

901

60l

Yot

‘tal

TOl

101

UL

476



VIN

SEZ pue 2]OoWws jo Uollg|e U]

Sed pue OWS JO UoiIe|E|u]

seg pue OWS JO UOUB|EYU[

sed pue yows Jo uoneryu|

sed pue djows Jo uouejeyuy

Juumorg

VIN
y1oaQq fo asnp?) |pdutag

00'Zc 1hoqe
pUIAU) Ul —~ MM Suissiyy

GV 89T waay $3135p
L9 ‘WO 88'L L] PITIN0INY

01014 18 OYA
JO Y3 D I 88 11°¢ PAI2A0IIY

8110]J 18 OYd Jo
133 d U1 8801 '¥T Pa13A033Yg

£110] 3 18 OYd Jo
FRA J U 8]8'01°6Z PaFIA003Y

BUO] 18 O¥T Jo

A9 Ul 88°01°PZ PR12A003Y
OF 22 19y' ANIOYs

WLI0JIB[q JO 19U10d M\ S SPIEmOl

Surod — AT ‘Wi0jie[J 183U BIS
3O 22BLINS U0 88°/") PAI2A0OIY

Buissyy

M T &450005y

UAPIIQYy

121[N211d

pPEOY S[IIW ALl1dUUDY]
Yo Opisuing

DI SADIAIDG IdWEUDEYY

ud2p1aqy

soy{n { 1583

proy J[PMUID)
ASNOYH pooy UYof

a1d dnoany poo gy uyo(

UIPIIQY
uo(] jo 23pug

A1 Alowhe)) |
PYT (R1UOp3[E]))
Wwind0113] [R1UdpLIQ

uIpIAQY

so|jn_ 1seg

PROY [[2MUIIID)
ISNOH poox Uyof

ord dnoany poox uyo[

U3IPIAQY
J0EIIS ] 5 U §
P11 sdwie)) Sundien) uia|ay]

u2PIIqQY

ERLYY

PEOY SPEIYIPM

P11 [EUONEUIAIU| UDPMEY

u33IpIaqy
24

peoY speayiiax\

P17 [EUONBUIIIU| UIPMEY

usIpIdQY
2AQ

peoy speay|ox
swANsAg Judsor]

proxeg/mw/ung Kiradg IN
aadoydugg

JweyR W

LRI REN |

UE S[BLIDEYY

NeqeIsnoy

plemalg

UueuI100]{

#1dag wirope|]

Isauiduyg

uo1pdnIz)

uIIPIAqQY

pquInjuyy

A1) JIYPIOD) €9

($2) LINNTY L3FHON ‘NOLSHVaAd

modse|n
(U IRING
d0RIIR | MIAINW |

(0€) TIVHIIW ‘VAHS.O

ydsngiosely
Nywoosyg ¢z
(LE) WIS WVHVIO ‘ATdON

yinows3uern)
. SB[ WOYSIYY pi
(L2 210D SAWV( ‘NIAIN

AUSNOUIR)
PROY AqQsudaey g
(LE) NVOVH 9DY0TD “‘AVIINW

uaPIAQY

urnqsying

peoy uyony 96

(62) NOSNOYTH

JIANYXITY 4004 F “OINNW

wnIpjawpig
weydum- jo [

38po7 sulg

(8¢) SAWVI[ AITSTT ‘STYIOW

ENA{EYe
yinog jieJ ysnoloqjiew L9
(2£) ¥OLOIH NHO[ ‘AOTIOW

pasparaQy

vl

AR

K41

ol

601

801

477



se3 pue MOWS jJO UONEBIBYU[

sed pue djouws Jo uongeyu|

SB3 puT MNOWS JO uoneBYU[

se3 pue 3OS Jo UoleRYU[

sed pue 3jows Jo uone[eyu]

sed pue NOWS JO UONEIBYU]

sed pue 3jows Jo uohe[eyu]

Y1oa(q fo asnv)) jpduay

B10}] 18 ONIH Jo
XRJ J U 88°01°¢Z P30y

uL0JIe[J JE3Uu BIS
JO 3DBJINS U0 g§° 4 L P3I9A009Y

SV 897 woiy 532185p
00€ ‘WZp §8°01 1€ P313A022Y

eno(. e OYd jo
X2 U 88'01°GC PaI194033Y

enol 1e QAT Jo
¥93 d Ut 88°01 pZ P3I3A033Y

0222 PUE 0Q'CZ Uaamiaq asncy
My sgrssad pue doysyrom
SUBIDINNIT Ul — DT Buissiy

21101 1€ OMF jJo
A3 g U 8801797 Pa124003Y

EN0| 18 DA JO W23 q JO
Uondandy ul 88 Q19 PI12A0D3Y

AL A4an023 Yy

u223pIaqQy

ERI Vgt

peoy speayId X\

P11 [EUOIIBUISIU] U3pmey

uadpIIqy

so||n ], 1seg

prOY |[2muUlddIn)
Isnoy pooy uyof

2jd dno1n pooy uyof

ul2piaqy

uo(J Jo 33puig

da13(T dowse[) |
Py (Bluopa(e])
WN310113 ] [BIUIPIIIQ

XIS PPIW

sadey

Aex\ Plaumo[EmS
IsnNoY 11q10

sdorng 0D aajep 1110

uazpraqy

uo(q jo 28pug

PLOY alowus(

Y4B [RIDIIWLLOY) 18DENYY
P11 UISUNSHIYD) UBWISEY

ulaploqQy

uo(J Jo 33puiy

A 210WARD |
P11 (e1uopaie))
WNIJOII ] [B1UIPIIAN

URPIIQYy
nAq

peoy speEaylaM

P37 (BUOHIEUIIIU[ UIpMEY

uadpIaqQy

AT

peLA speallls \

P17 |EUOTNIBUIIIU] udpMEF

280pduey

N0qEISNOY

122utduy
pueyadreyd

33[j0nu0)
AJueuAUIEYY

122urduy IAIIS

132u1duyg

101R10d) uondNpoI

xINOQRISNOY PEIT|

UBULIOIOWN

1oypdnad ()

yieozgIy
peOY WEID) /¢
(LY HS1AA 1¥Ig0Y ‘qlTd

uaIpIIqy
uo(J }o 23pug

{inog suaplsn) IBIQUIAICD) P
(v} ATYNOQ ‘I

y3inqurpg

uInNgaIsoy

sodeno)) sade] ¢

(8¢)

AOVTTIV WVYITIIAM ‘NANFIVY

NISAPPIW
sodeH

proYy 3]{113s0Y ¢
(82) NIHJILS IDNIYFL ‘NNINO

AUINIAU]
sudpien) uinqyieng g
(2€) TIAN ‘NVYWAJ

1BI21 /4
ygnoroquuosg

Aaug sdoyueryg ¢
(6) ATTSTT ANOWA VYA ‘AOIAd

19183yduey

uolswif)

Y4B JUWINOQISIx ¢

(LE) TASVY/M MIVINGAAHDOI

uAPpIQY

£31sy00ppays
PeOY FIms(tH 92
(8€) NVI Udd!id

pasparzQg

R XA

eel

121

0cl

oll

811

Ll

911

478



Ainfuy 1sayD

sed pue 2j0Ws JO uouIEjEYU]

sed pue 3)ows Jo uonEefeyuf

sed pue Iows JO UONEBEYU]

se3 pUE 9 OWs JO uollg|eyu|

se3 pue ayows jo uone[eyu|

VN

VIN
Y13 fo asnory jodouliyg

wiofie]J 183U eas
JO D3BJINS U0 §9°L°/ PIIIA0IIY

00'¢e

1918 wnisedw A0 Ul — 4T
IN6OIP8Y9 “HLOTOFE YWD
8B 1{'C P13A039Y

e110[] 18 DY Jo
¥ g Ut 88'QT'ST P424033Y

81100 1€ QYA jo
{02 q Ul 88°01°ST P3Jaa03dYy

s0'¢e

1e Uondardy wWoly Jurped] 100p
1’ — AT 6V 89T wolf $5213p
CHZ ‘W 88 LGT PIAA0IIY

A el
JO A3(jED U1 88'H'9 P3I3a0daYy

) 0022 210539
AJ1a0ys 31npoN D 107 [9A3]
17 89 dulava) — ANT Butssiy

duisstyy

M7 ik3n003Yy

u39pIaqy

24Q

Deoy Speayldx

P17 JEUONEBUINU] UIPMEY

ua3piaqy

A

P20y SpeAY[[d/x

P17T [BUORBUINU] USpMmEY

upIIqQy

uo(d jo 23pug

QA13(] IOWAB]D) |
p1 {eruopajen))
Wad[013] [EIUIPIFIO

u3pIagy

uo(J jo 23pug

aaLI(] 210whe]D) |
PIT (BIUOP3ED)
WN3[0113J [L1UIPIIIQ

u22pIIqy

ELY Y|

PEOY SPEIY([? A0

P17 |EUOlIBUINU] Uapmed

uIPIAQY
SR CR JERIEE] g
P17 sdweD Suune) urapy]

udpIqQy

224

9181sg [BIJISNPU] SPEIY{[I M\
g6 1tun

P1T S9dIAlDS g W

u32plaqy
ig

ANBIST [ELISNPU] SPEIY[[2 4\
dp Nun
pIT sadtals g W

J380ydtag

nogesnoy

«1INOQRISNOY

ULCHWIRER §
{esjueyIay

HueuYss
uonsnpold ped]

Josuydnoy

piEmag

«J01e13dQ
uonsnpal

»J101813d() 53201

10110dn35()

U33pIdqy
peOY UIIYIION 1EIL) 418
(€2) YOLDIH TAVHOIW ‘NVAYd

u2spIIqY
193015 pIoyeIs (g
{62) AUVYD ‘SSOA

INYsIky

s3Je]

a1 rpuUIg ¢

(¥9) NOSTOHDIN
ATYNOJ ‘NOSLYId0Y

[Itle}
Rl AYNY $1
(0g)

SAWVI JTUNVXITV ‘NOSLEIIONH

sare M YoN

ppauAmn)

uepA[iPY

ulm[T-£-pa0) ¢

(82) ¥4.1L9d NVIAV ‘SLATd0Y

20y

Ayodoputyg

1U2DSAID) UAIOW 22
(bp) NVIV "HOOAAIy

Wjjeg

oo

B IUOW|O] 9]

(<) YATTIW L¥I90Y ‘QIVHDO I

uelyio] Isam

mo3yiquiT

JIeJ UNOIUOAY Z29]

(T9)

NVNOTYEW NOQYOD ‘FINNIY

paspaa(g

€l

‘0et

6C1

8¢l

Lel

921

621

bl

479



sed pue ayows jo uone(Eyu|

sed pug jouls jo uolleleyu|

sef pue ajows Jo UONB[EYU[

SE3 pue I{Ows jO uone[eyuj

seE3 pue 31OWS jo uolE[eYU]

sed pue ows JO UONBBYU|

se3 pue IJOUWSS JO UONREYU|

Y10 fo asnn)) pdiouisg

ENOI] 18 DY Jo
O3 V¥ Ul 88'0( 1€ PaI3n033Y

e110[g 1E OYJ Jo
Ao J U 8F°0T1°€T palonoddy

B10[] 18 OWUT Jo
A @ Ut 88°Q1°6T PII2AQIN

2022 121JT A{1I0YsS BWAUL))
Butaea) — O[T ‘Burssiyy

enol 18 OYd Jjo
F9°oQ d W 88°01°PT Paiaa0ddy

SV 85T wody 532139p
980 ‘W1 88'L'6 P31dA0IY

N60178P9 "HLOLOPE
AWD 88°11°C PRISA0IY

2101 1e DY jJo
ARA q W 8F'01'FZ Pidnodsy

A7 i4In003y

u323plaqy
IKQg

peoy uoi[ex

P17 B2§ yHON
3ui330 1 uoneiojdxgy

Ua3pIaqYy
EIGMGEIEIEI (]3|

P11 OIN) 105343N

u32pIIqy
uo(J jo 23pug

a1 d10WAEl) |
p1T (etuopsfe)))
wnajoiag [B1UPIIQ

u’Iplaqy
peOY SSIUIIEH

P11 07) duipjoyeds ulapIIqy

uRAPIIQyY
sojn ., iseq

PEOY [[Smu0d1n)
ASNOH pooy\ Uyo[

o1d dno1y pooy uyof

ulaPIANY

Rl Vg (

PEOY SPEAYI2/M

P17 {BUOTIEUINU] UIpmeg

u3dp10qY
uo(] 1o 23pung

A1 dd0wAe[D) |
P17 (Btuopae))
wina{od13 ] [e1udpIang

udPIQY
PeOY NSAUMIBH
P10 Suipjogedg uIdplagy

2380)duesy

133307

Iaowmiduyg
{1 oqin L

#Hiadeueyy
UOUB[jEISU] 104USIO

13pOYens

131114 adig

»UBWI0O[] pea’]

DETRTNTIRER LRSI RRITs |

I9PIO} LIS UBWIDIO]

wopodinangy

EpEUE))

erqunjoy ysullg

I3ANOOUBA

B[] NESUUED) [REFL

(92) ATYA44( TAVHOIW DINIY3S

uapIAqYy

ua(J jo ¥a3puyg

P Y3ingmaN |

(7€) AYANTH 1L¥I90Y ‘F14714S

AIYSHIO L YIION

PRSI R

urngry

oI 297

(1¢) SINEA NIT00 ‘NO1lv3as

y3nquipg
uro M [

(92) SIDONVY:1 NHMO[ 11008

uadPIdqyY

HIYISa

Avjy\ puowwiirg ([

(9r)

AFANYXATY WYITTIM FIDYOOS

A

ApTeayIy

AALI Allaquing ¢

(82} 31QO¥4

HONH TAVHDIW ‘FIDAODS

woyieyg
TUOWO [

AU PIRYINN V8

(p) NVIA NHO[ SAWV[ ‘dDVAVS

uIIPIAQY
DAL e sTunuwin) Z¢
(9L AFTNVLS “AHLSONVS

pasvasrn(y

6t

‘8el

el

9t

ol

el

480



PAUIB1IIISY 10N

suwmolg

sed pue sjows JO Uonejeyuj

sed pue 2)oWs JO uoile(EYU]

VIN

SB3 puB MOWS JO UONRBjRYU]

Sutumol(g

se3 pug 2joWs o UOUE[EYU]

Y103 fo 2snvry [pd1outeg

lo): k!
Jo A3[jeO) Ul 88'6°9 PAI2A0IIY

062z 1M0Qe wione|J

JO 3PIS )\ U0 uzavypuny 1o DYJ

Ul — AT (WIONB[J 1BAU BIS

JO 23BLINS U0 8g°)"[ PISA0IIY

00°7Z 121y A3[eD)

u - AMT sy 897 wouay $23180p

ZL0 WH0T 88°L'8] PaIaa039y

<g 857 woyy s33139p

09T WQS| 88'L'TI P3I3A00y

Fuissiy

e10]y 18 OYA jo

Y93 @ Ul 88°01° €7 P213403Y

0c'Ze

310399 A10Ys A "Woddy Jo dot
U0 — AT NITEPSHI “HS0ZOVE

AW 88 L1 P313A02Y

NB8S8IP8b9 ‘T99004¢
YWD 88°L 11 P3I12A0oay

M) 7| K420002y

uldpIAQYy
so||n | 1seq

PROY []2MUIIIN)
ASNOH poox, uyof

ojd dno19y pooyy uyof

yinowiie X 1e310)
pEOY s.ua2n))
oD Suiddwyg usaey

u3pIAqQy
LENRTEIEN|

PEOY S[I'W Al32uuddy|
SHI0 4, pIsuIng

PYT SIDIAIAG IIWEBUIBYY

uaaplaqQy

[P

a1e1sg [BLISAPU] [[1NS M
D.v,DCI NCUHW

atoysyQ BuANg

u3IPIAqQY
uo( Jo a8pug

peoy jlamudan
ISAOH pooyy uyof

o1d dnoigy poox uyof

u39pLIqQy

uo(] Jo 23pug

A1 AowkeD) |
P11 (elUOp3[E))
LUN3|0113,] [RIUIPIDI()

u3lplaqy

A

PROY SPEY(]9/X\

P1] [BUOLIZUINU] Udpmey

uIPIdQY

10152\

21E1SY |BHISNPU] (1RSI A\
SN0 BUNS

2I0YSYQ eudlg
isfojdwg

BEGITL TR

uBwIEDS

1ues|D

13381y

ueIIUYII ]
ledtuBydIN

putH
PEIT 9IURUSIUIBYY

DU WeISISSY

12331y uewaIog

uonndnaag)

uRdPIIQY
uo(g Jo 33¥pug

417D y3LagmanN ¢

(0F) TTH4dWVYD SEWVI “1.1L0LS

AIMYS~-S50Y

SSauy

i J1e( |00 7T

(8¢) NHOI WTODTYW ‘AHIOLS
mOogse|n

IyAsew

susplen) juequing 9
(L) T1AMSOd WYHDNINNAD
SYWOH.L ‘ONITYILS

SPIAIYS Yyinog

11IN07) SMPNe[D) 97

(L) LIVNLS

HLINNAY ‘NOSNIHJII.LS

ueIYIOTT 183/,
ileydn

298| J SUBJIEJOBRN (¢
(Zv) SHWVI ‘SY13dS

AIOEA

peaydinuSuippay

mIIA [29ON 01

. Jpuowmiwieryy,,

(¢p)

NOLTIWVYH WVIT1Im ‘HLIWS

IS0LIUOWN
1U2ISITD) ILLION H[leq 2
(1%} ANILNITVA
AAVHOIA YINNIAS

X359
{YH 1sInypong
peOY PaUIY €2

(1) QAYNYTE TAVHDIW ‘LIOHS

paspaoa(]

o9l

B34l

wrl

bl

KAa

vl

orl

481



sed pue ajows JO UonEjeyu

Buiumorg

V/N

s83 pue OLs JO UONE|EYU]

sed pue jows Jo uone[eyu]

VIN

VIN

se3 pue 3jours JO Uone(eyu|

Y103(q fo asnoy) Jodiouts]

ENO| 18 OV T J0
A3 [ U 88°Q1°52 PITA003Y

) 00°2¢T 210)99
Ajuoys doysyiox 1UINLNIISU]

Buiaeal - M ed 3]

01 1u3delp2 NZII1$8t9 “H9010b¢

YWD 88°01°L1 Pa1aA03aY

0227 310439

A[a0oys uope|J ply uonediagN

AN U0 — [T Burssiyy

¢y B3] woiy s3a180p
01€ ‘WZST 88'L°67 PII9n003Y

enolf 18 OYy Jo
Y3 Jd Ut 88'01°pZ P134023Y

0222 131Je 3SNOE[
AMYAN UL — AT (Butssipy

0Z 7z 1aye osnoy
YN UE ~ AT Bussiyy

B1I0[ 12 DYH Jo
F23 A Ul 88°01°9Z PA124009Y

M 7840000y

ud3pIaqQyY
UU>Q

21U [BLISNPU] SPRIY[]3M &
9 lun

SAQAING UONESIAEN 10YSYQ)
PIT [odwn

ulapraqy

uo(J jo 33pug

AAN(T diowAe) |
P17 (e1uopare))
WINJ[0113] [BIUIPIIIO)

uPIAqY
uo(] jo adpug

IALI(T 3I0WAE]) |
p17[ (21uopsje))
wn3[0N3d [BIUIPINIQ

u33IpPIAQY
132115 233(10D)
ISROY W0d3[a] MaN
wod32], ysng

u’9IpIAqQy
so|[n ] i1seq

peoy [|2muaain)
ISNOY poo uyof

31d dnoany pooy uyof

peayIais

MIPUIAIAU]
$¥10Ay Juiraumuy aBnudn
P17 (31N) 33038

uadplaqQy
121 NDIMA]

peoy S|IW Alauuy
s}jJox dpisuing
YT $2D1AIIG IIWEBLIBN

AUBULIA) 183/,
SUIoM 0259-A

p) REITEETIa) & QN ETq @]
Shb1 UorJISO]
HE WD 2eH

43io)diuzy

UBLIUYII

UBIDIUYDD |
WSWNIISU|

J01RIDAO
uoidOpol |

3auw3dug wWoddd ],

NOQEISNOY

1911 [BJIUBYISLY

yI2uedD ruapmg

SIWIYD) YdIeasay

HOHNdNI20)

uoriy
yedajise)

peOy Jenouun( zl
(F2) MTIANY TAVHIIW YIATVA

apisraquIny

AQswiiny

weyiex

s3udg [PmpeyD 8¢

(S8) AAVMAT NHO[ ‘TTIILTANV M

LUSILE

suolydag

PIBRIQ 34 ] €

(16} 0HYV LIFHO0A ‘NONYIA

uadpIaqy

uo(T Jo 3piag

Leyy sadasanum 01

(V) WYAV dIV.LSITY ‘NOSIWOHL

u3pIAqQY

2| [AIYsuneD) §7

029)

ATYNOA YHANVXITY YOTAV.L

y8inqaased

uaAeypueg

SAL uown) 81

(82) NHO[ IDNFWJIL ‘NOLILNS

uadpIAqQy

apIsplatg

peoy yuequorep 6

(12) sy'19n04d

LAVNLS "ANVTIEHLAS

AUBULIIOY 1S90

UasSSIH

€ JSSBIIG UDAOYIAY

[ shalg ¢¥89

(9£) OTIL NADAUN[ ‘VHIIMLS

Pospada(]

661

psl

sl

1sl

051

ori

8k

482



SES pue Iows JOo Uoheeyu]

a1y ut peag

sed pue ows jo uonejeyu]

Kinfug 1say)

se3 pue 3jows Jo Udle{eYU|

v/N

sed pug oWsS JO UONEBIBYU]

SEJ pue 2)oWws JO uonE[eyuU]

yipaq fo 2snv?) |nduis]

5y 8571 woiy saaidap
050 ‘WpL1 88°L°07 PAIA0IIY

¢V 3277 woyy $92182p
6L ‘WGH §8°L°€T P312400Y

G0'¢Z 1e uondasay

1 - AT gV I3 wosy sa2u83p

810 ‘W68 88°L 61 PAIA00Y

CV 397 wouy s32135p
9%z ‘WL 88°L 07 D3Ia029Y

e110§ 18 Od Jo

WA Ul 88°01'SZ PaIIA0IIY

Futssiy

00°¢C 131®

UeW PaJniur Yim Wooy SHPIW

01 U103 ‘UONEPOWIWIONDY

ul — AT (69 FaT woly 599182p

SbZ ‘WQS 88°L b1 Pa1oaoday

ULIOJIE[] IB3U BIS

JO 20%JINS U0 88°)° L PaIan0d3y

M T €120y

uadpI3qy

AEENINERE (g}
ISNOY W33 ], MaN
wod?|a I, ysnuuyg

u2IpIaqQy
193ng 3337100

PSNOH WO, MIN
Wod3[a | ysnug

uIpIqQY

so||ny, 1sexq

PEOY [[2mUd31D)
ISNOL] poojy uyof

o1d dnoiny poox, uyof

u2pIIQY
uo(T jo 23pug

AU TowhR[D) |
P17 (etuopa[e))
WNJJOI1] [EIUIPIIDQ

ul3p1aqQy
MDA

PEOY speayjla\\

P [BUONBUINU] UIDMmEY

udaplaqy
I0BIID] S,UIINY) &

P11 sdwe) Sutiaie) uiajad]

ussplaqy
uo(J jo 33puyg

24137 d10whe]) |
P11 (eruopaje))
WNJ[0J13 ] [BIUAPIDQ

usaplaqy
(gasam

21eIST [eUISOpU [[IYIS3 M
SNOH BUAIG

AIOYSYQ EUNG
sa80)duesy

13381y [eLIDY

12331y Jeusy

1NOQeISNOY

}10s1a19dng
JDURUdIUIBY

»1N0QEISNOY

J2uD peay

#iuepuany
{eJIPaW 210YspQ

12381y

u0110dn20)

y3inquipg
e puowrel)) p1
(£9) LI TIO STWV[ TLAHMA

us9pIIqY
298 UOLIED) /[

(Tp) 111D WYHVYO ‘dLAHM

=31
SAYI0IUI O
A wIedie waaNd) £

(6€) LAA80Y ‘AT TILIHM

YIno10qIa1d ]

saquing

CCu._O

wey3duusayg 81/11

{Tp) SINNIQ NVAIY "TLIHMA

pioJIv
atzediuoy

5331100 210Un{001)) |
(87) YIANVXITVY ‘AT TEIHM

y3noiqsa|ppiy

spue[3uo

peoy PRYYSIH L9

(8£) NHOf SIONVYH ‘NOSLYX

2IYsSUIPIIQY

MERUINY

peoy uleq zg

(k) NOSJOH HLAYVO ‘NIMLVYM

H
13311G Uopua1e|D) 891
{6Y) SYWOHL NVAYE ‘QdvMn

pasv22ag

€91

KA

191

‘091

651

‘861

LS

9s1

483



Aunbuy 511 01 2|qR{IBAR DUIPIAA YL o 1431[ Yy Ut {nf g

uo 0)'ZZ INOQE Woif porrad Yl ul pIse’dIP YL 30 XM T) SINOQEIIIYm UMOUY ISE[ 2Y1 110 SISS 11 UDIIEPOWLLIOIIE IY) JO ITBYIIIM Y] UBYL JIAYMIS|I UI01] PI4dA0IDL
350Y) pue JUISSIW 35041 JO ISBI Y1 U[ "PIAIIYOE SEM SIYl SIAYM PISEAIIP Y1 JO APOQ Y1 JO AIIA0DAL Iyl O $2 LONBWIOIUL 1IN0 SI3S , A\ N /4194003y, UWN{Od Y |

OWS Jo uoleeYu|

seS pue ajows jo uonejeyu]

1y u yieaQq

yipa(q fo asnnyy 1odsnidy

“|{BD SINOY HZ UO Sem Ay 1BYL SAEJIPUL # [OQUUAS 9Y [ "1IYS 1YSIU BO SEm PISEIIIP Y1 1BY] SAOUIP , [0QUIAS Y [

“u2apypung Yl JO 11D 3003y 15T Yl JO mM3III 2Y) JO $IIQUIBUI 31Im (431015 WIOd[BW) 9p[ ON pue (10]aydieq uelrqg) o1 oN STILON

02°22 321' Haap adid aroqe
MY B U — A\ YT Fuissiyy

ol 1B OYd Jo
FOIT J U 88 V1°ST P10y

211011 1 OYH Jo
A3 Q Ul 88°01°€C P3Idan0d3y

07'27 31039

£Q10Ys o3 D U0 100p py J23U
- AT 5V 337 woly $33155p
§LZ ‘W8 89'L0C PI134039Y

AL T 422003

ua9pIaqY

so[|nJ. 1885

PROY [[9mUIIID)
IsnOY poojy uyof
31d dno1gy pooy uyaf

u33pIaqy

uo(J jo I3dpuyg

peOY slowua(g
UOHRILRUNNISU] 3104SPO

p1y dnorp [an

UuadpIAgYy

PLQg

peOY SPESY|[=x\

P17 [BUONLBUINU[ USpPmeY

U33plaqy

uo(J Jo 283pug

a1I(J Ld0wAg[D T
p1 (e1uop3[R)
WNdj0d13] [RIUIPIDIQ

FERYO L [Ted

$191D) feotuyda Y

URIDIUYID | AdAITS

LUBWII00[

Hiosiaradng L19jeg

uonpdnaa(y

u33pIdQY
132415 1UOWBIE]D) §

(672 AYVYHDIY NHO[ "MDODUOOM

uopuo]

sanquysiy

NIe ] uolfea(] Op|

(597 AIAVYA FISIA

UI2PI3qY

QuUOolsIuUB(]

puAg mstalief g

"$Z) NOSNDYIA

SATYVHI TNVd ‘NOSWVITTIAN

InsnouIe)
2au(q vewdey) 24
(OF) NVTIV SOOI

pasn233(J

L9y

991

91

P9I

484



Acronyms

AAE
AAW
AC
ACMH
AFE
AIT
ALARP
APAU
ASTM
BA
BOP
BS
BST
CAA
CBI
CIMAH
COSHH
CSE
CSS
DC
DEn
DHSV
DoT
DOTI
DPCV
DSF
EADU
ECV
EEC
EPS
ERQ
ESD
ESV
FCV
F&G
FILO
FRC
FSA
GA
GCM
GMT

Appendix 1

List of Abbreviations

Additonal Accommodation East

Additional Accornmodation West
Alrernating current

Advisory Committee on Major Hazards
Authorisation for expenditure

Autoignition temperature

As low as reasonably practicable

Accident Prevention Advisory Unit (of HSE)
American Saociety for Testing and Materials
Breathing apparatus

Blowout preventer

British Standard

British Standard Time

Civil Aviation Aurhority

Confederation of British Industry

Control of Industrial Major Accident Hazards (Regulations)
Control of Substances Hazardous to Health (Regulations)

Concept safety evaluation
Co-ordinator surface search

Direct current

Deparrment of Energy

Down hole safery valve
Deparument of Transport
Department of Trade and Industry
Differential pressure control valve
Deck support frame

Explorarion, Appraisal and Development Unit (of DEn)

Emergency control valve
Emergency Evacuation Controller
Emergency power supply

East Replacement Quarters
Emergency shurdown

Emergency shutdown valve

Flow control valve

Fire and gas (panel, systern)
Flight information and logistics officer
Fast rescue craft

Formal safety assessment

Genera) alarm

Gas Conservation Module
Greenwich Mean Time
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GOV Gas operated valve

GTC Gas 1o Claymore (valve)

HAZOP Hazard and operability (study)

HE High frequency

HFEFT Hydrate formation temperature

HMV Hydraulic master valve

HP High pressure

HSC Health and Safery Commission

HSE Health and Safery Executive

HSWA Health and Safety at Work etc, Act 1974
HVAC Heating, ventilation and air conditioning
IMO International Maritime Organisation

1P Institute of Petroleurn

IR Infra-red

1U00C Inter-Union Offshore Oil Committee

IB John Brown (generators)

JCP Joint control panel

JT Joule Thomson (effect, flash drum, valve)
LCV Level control valve

LEL Lower explosive limit

LIC Level indicator controller

LP Low pressure

LPG Liquefied petroleum gas

LQW Living Quarters West

LSA Low specific activity

MCP Manifold compression platform
MERSAR Merchant Ship Search and Rescue (Manual)
MHAU Major Hazards Assessment Unit (of HSE)
MOB Man overboard

MOL Main 01l line

MOV Motor operated valve

MRCC Maritime Rescue Co-ordination Centre
MWA Mineral Workings (Offshore Installations) Acr 197}
MWP Maximum working pressure

NCS Norwegian continental shelf

NEL Narional Engineering Laboratory

NPD Norwegian Petroleurn Directorate

NRV Non-return valve (also called check valve)
OESD Overall emergency shutdown

OlIAC Offshore Industry Advisory Comnmirttee
OIM Offshore Tnstallavon Manager

OPG Ofishore Projects Group

OSC On-Scene Commander

PA Personal address

PCV Pressure control valve

PED Petroleumn Engineering Division (of DEn)
PESD Platform emergency shutdown
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PM
POB
PPA
PSPA
PSV
PTW
QA
QMS
QRA
RCC
RGIT
RIV
RNLI
ROV
RTJ
SBV
SMS
SOLAS
SPEEM
SRV
SSIV
TEMPSC
TRA
TSR
TUC
UHF
UKCS
UKOOA
UPS
uv
VDU
VHF

Unrits
BPD
MCF
MMSCF
MMSCFD
SCF

bara

barg
bbl/d
cfm

psia

psig

scfm

v/v

w/w

Preventive maintenance

Persons on board

Petroleurn (Production) Act 1934

Petroleum and Submarine Pipe-lines Act 1975
Pressure safety valve

Permit to work

Quality assurance

Quality management system

Quantitative risk assessment

Rescue co-ordination centre

Robert Gordon Institute of Technology

Rapid intervention vessel

Royal National Lifeboat Institution

Remotely operated vehicle

Ring type joint

Standby vessel

Safety management system

Safery of Life at Sea

Submersible Pump Electrical Equipment Module
Safety relief valve

Subsea isolation valve

Tortally enclosed motor propelled survival craft
Total risk analysis

Temporary safe refuge

Trades Union Congress

Ultra high frequency

United Kingdom continental shelf

United Kingdom Offshore Operators Association Ltd
Uninterrupted power supply

Ulrera-violet

Visual display unit
Very high frequency

barrels per day

thousands of cubic feet

millions of standard cubic feet
millions of standard cubic feet per day
standard cubic feet

bars absolute

bars gauge

barrels per day

cubic feet per minute

pounds per square inch absolute
pounds per square inch gauge
standard cubic feet per minute
volume/volume

weight/weight
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Statutory Instruments

Construction and Survey Regulations - Offshore Installations (Construction and
Survey) Regulations 1974 (ST 1974 No 289)

Emergency Pipe-line Valve Regulations - Offshore Installations (Emergency Pipe-line
Valve) Regulations 1989 (SI 1989 No 1029)

Emergency Procedures Regulations - Offshore Installations (Emergency Procedures)
Regulations 1976 (S1 1976 No 1542)

Fire-fighting Equipment Regulations - Offshore Installations (Fire-fighting Equip-
ment) Regulations 1978 (SI 1978 No 611)

Included Apparatus or Works Order - Offshore Installations (Included Appararus or
Works) Order 1989 (S] 1989 No 978)

Inspectors and Casualrties Regulations - Offshore Installations (Inspectors and Casual-
ties) Regulations 1973 (S1 1973 No 1842)

Life-saving Appliances Regulations - Offshore Installations (Life-saving Appliances)
Regularions 1977 (S1 1977 No 486)

Operational Safety, Health and Welfare Regulations - Offshore Installations (Opera-
tional Safety, Health and Welfare) Regulations 1976 (S1 1976 No 1019)

Public Inquiries Regulations - Offshore Installations (Public Inquiries) Regulations
1974 (SI 1974 No 338)

Well Control Regulations - Offshore Installations (Well Conrtrol) Regulations 1980
(S1 1980 No 1759)

Printed in the United Kingdom for Her Majesty's Stationery Office
Dd 0503434/11/90, G715
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Table J.1 - Process quantities flowsheet on 6 July 1988

. 730
420 600 700 710 720
Stream Name 100 110 120 150 170 190 200 210 211 220 230 240 300 301 320 3?0 , 350 . 3§0 . i90 id Liquid Vapour Vapour Vapour Vapour Vapour
Phase Vapour Vapour Vapour Vapour Vapour Vapour 2-Phase 2-Phase Vapour Vapour Vapour Vapour Liquid Liquid 2-Phase Liquid Liquid Liquid tqui d
' 198
| ) 149 105 64.2 105 55.6
Temperature (°F) 150.0 64.2 64.2 105 105 92.5 52.5 55.6 55.6 55.6 198 198 64.2 105 103.7 55.6 60 .2 60.2 122 3 g e e o . | 235
Pressure (psia) 154.7 150.0 150.0 675 675 1465 635 635 635 635 1735 1735 150 | 675 635 635 1,100 904-; . : 0~000 0~000 0 000 006 " 000 000
Vapour Mole Fraction 1.000 1.000 1.000 1.000 1.000 0.987 0.864 0.835 1.000 1.000 1.000 1.000 0.000 0.000 0.023 0.000 0.000 2'00 78.7 76'4 25.1 25.6 25.1 22.6 22.6
Av MOL Weight (1b/1lb mol) 26.5 25.6 25.6 25.1 25.1 25.1 25.1 25.8 22.6 22.6 22.6 22.6 45.4 47.6 47.6 42.0 42.0 40.1 50.9 50.1 > S s L 1o e
Density (T-P)(1b/ft>) 0.650 0.721 0.721 3.42 3.42 - - - 3.19 3.19 6.61 6.61 46.3 29.9 - 30.1 30.4 30. 9 ) 9 . | ’ ’ > °
Liquid S.G (STP) _ _ _ _ _ _ _ 0.674 0.528 - 0.495 0.495 0.495 0.839 0.81 - . o i
iqui . - - - - - - : 1,547,800 26,146 8,431 ’ '
Total Flow (1lb/h) 301,380 278,690 270,260 258,430 186,870 186,870 186,870 198,700 145,320 132,720 132,720 132,670 22,677 11,833 11,833 53,387 53,387 53,33; 1,4?:,323 , e o o 612 cer s
Total Flow (lbmol/h) 11,390 10,890 10,560 10,312 7,456 7,456 7,456 7,705 6,435 5,877 5,877 5,875 499.9 248.8 248.8 1,270 1,270 T ’ ’ ’ ] _ _ _
S ) ~ B ~ _ _ 2,306 1,537 _ 7,394 7,394 7,394 122,090 129,490 - ]
Liquid Flow (bbl/d) ~ - - - - - : s s B ~ _ _ 9.5 3.0 16.5 5.1 0.0
5 . - ~ - -

vVapour Flow (MMSCF/D) 103.7 99.2 96.2 93.9 67.9 - - - 58.6 53.5 53.¢

Component Flows (lb mol/h) Mol Weight

. 0.0

Water 18.02 259.7 22.4 21.8 20.0 14.5 14.5 14.5 16.2 2.9 2.7 2.7 2.7 237.3 1.8 1.8 13.3 13.3 13.3 11,593.0 11,606.0 2.04 2 ;1 3-26 2'32 o 00
H,S 34.08 0.37 0.37 0.36 0.35 0.25 0.25 0.25 0.26 0.21 0.19 0.19 0.19 0.00 0.01 0.01 0.05 0.05 0.05 0.05 0.11 0.0 . . S . o

2 2 0.5 0.5 3.2 3.2 3.2 3.0 6.1 4.1 1.3 7.2 .
CO2 44.01 42.9 42.7 41.4 40.9 25.6 29.6 29.6 30.1 26.9 24.6 24.6 24.6 0. - g ., o 0 5 3 19 5 €83 23.9 0.1
Nitrogen 28.01 401.9 401.8 389.6 388.6 281.0 281.0 281.0 282.0 276.2 252.3 252.3 252.2 0.1 1.1 1.1 5.8 5.8 . . 104 (o8 1 1192 78 7 -
Methane 16.04 6,578.7 6,569.2 6,370.5 6,329.5 4,576.9 4,576.9 4,576.9 4,617.9 4,368.5 3,989.8 3,989.8 3,988.4 9.5 41.0 41.0 249 .4 249 .4 249.4 179.4 428.8 .0 52-9 1291 ; 5 o 0 3
Ethane 30.07 1,763.1 1,748.4 1,695.5 1,660.3 1,200.6 1,200.6 1,200.6 1,235.8 1,003.1 916.1 916.1 915.8 14.6 35.2 35.2 232.7 232.7 232.7 199.8 :z;.: 122.2 41-9 224-5 1o 0 2
Propane 44,09 1,425.8 1,384.1 1,342.3 1,277.6 923.8 923.8 923.8 988.5 598.9 547.0 547.0 546.8 41.7 64.7 64.7 389.6 389.6 389.6 449.0 . 9.4 3-2 e - -
i-Butane 58.12 113.1 105.3 102.1 93.2 67.4 67.4 67.4 76.3 32.3 29.5 29.5 29.4 7.9 8.8 8.8 44.0 44.0 44.0 73.4 117.4 . 11-0 . i -
n-Butane 58.12 401.2 362.1 351.2 313.4 226.6 226.6 226.6 264 .4 93.9 85.7 85.7 85.7 39.0 37.8 37.8 170.5 170.5 170.5 351.2 521.8 31.7 3-1 14-0 . 0 o
i-Pentane 72.15 128.6 100.9 97.9 79.5 57.5 57.5 57.5 75.9 15.5 14.2 14.2 14.2 27.7 18.4 18.4 60.4 60.4 60.4 237.2 297.5 8.2 3-2 14-2 S -
n-Pentane 72.15 146.3 106.9 103.7 81.1 58.6 58.6 58.6 81.2 13.7 12.5 12.5 12.5 39.4 22.6 22.6 67.5 67.5 67.5 338.1 405.6 8.7 1-3 4°7 o 0 o
125-175 85.00 88.7 43.3 42.0 26.7 18.3 19.3 19.3 34.6 2.8 2.5 2.5 2.5 45.4 15.3 15.3 31.8 31.8 31.8 479.6 511.3 2.0 0-1 0°1 oo 0 o
175-365 119.75 38.6 2.2 2.1 0.5 0.3 0.3 0.3 2.0 0.0 0.0 0.0 0.0 36.5 1.7 1.7 2.0 2.0 2.0 1,886.2 1,888.2 Z-O 0-0 0-0 0o 0 0
365-475 167.24 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 933.6 933.6 .0 0-0 0-0 oo 0 0
475;662 227.82 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,083.0 1,083.0 2-0 0-0 0-0 0o 0 o
662-707 294 .20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 189.6 189.6 .0 0-0 0-0 o o -
707+ 468.79 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ‘0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 991.4 991.4 0. . .
Note:

This flowsheet is for Phase 1 operation on 6 July 1988
and is the final revised version produced by Occidental.
The accompanying flow diagram is Fig. J.8. -



KEY TO PIPER ALPHA PHASE 1 OPERATION PROCESS FLOW
SCHEMATIC.

NOTES :
(1) Compiled from information available in the technical library.
(2) Only selected PSV's (Pressure Safety Valves) are shown.

(3} Process conditions taken from PSK-A1-1229~Rev.1.

(4) Valves are designated as follows :-

Wellhead Safety Valves - DHSV (Down Hole Safety Valve)
- Master Valve
Hydrautic Oit to open - Fail close

ESV (Emergency Shutdown Valves)
Hydraulic Oil to open/close - Fail close with back-up Hydraulic
Accumulator under Nitrogen Pressure.

ESV  (Emergency Shutdown Valves)
Motor Operated Valve with Pneumatic Nitrogen back-up fail close mode.

PCV or dPCV (Pressure or Differential Pressure Control Valve)
Fail open but with local back-up Instrument Air Accumulator.

PCV or LCV (Pressure or Level Control Valve)
Fail open (closed) - no local back-up Instr. Air Supply. (See note (7).

GOV's — Gas Operated Valves (lnstrument Air Powered)

Suction and Discharge Valves FC . Vent Valves FO: (See note(7 })
MOV’'s — Motor Operated Valves

Non-return Valves
HCV {Hand Control Valve} / Manual Throttle Valve

PSV — Pressure Safety valve (Relief Valve)

Yopo ¢ foko %o o 3o %o o

indicates vaive normally closed.

(5) METH. INJ. — Methanol Injection

{(6) The main oil line passes from Module B to the B8ft level (not through
Module C.).

(7) FO ~ Fail Open.
FC —~ Fail Close.

BPD ~ Barrels Per Day.
MMSCFD - Million Standard Cubic Feet Per Day.

L.P. FLARE HEADER

- | P FLARE (PIPER)

i i I
-
| ' | | .
i L i HP. FLARE HEADER - — ' —& HP FLARE (PIPER)
. | ‘ - | ] f | N B
- : : TO PHASE 2 TO PHASE 2 FROM PHASE 2 FROIM PHASE 2 TO PHASE 2
. -
@ : 3 MMSCFD 16- 5 MMSCFD X 5-1 MMSCFD
v ZERQ VENT | :
v S B () | 4 Fo
! DE- OXY' GOV 1001A 9.5 MMSCFD . D#Goms ) TARTAN
n OWERS! TO FUEL GAS BYPASS '—L - PIG TRAP »e A pumm@ GAS FROM TARTAN
= |.._ —d
- GOV —) FROM : GOV 903
6A 600 PCV - | PSV723 230 .
p E' 8 1S GOV 902 f veTh | 721 €-202 s KZD cov 730> | HCV 961 MOV 2 MOV 3
> Fo PCV 201A PV 200 GOV 764 GOV 737 INJ. METH.—= : GOV 735 STAGE 134
T STAGE Fo g N RECIP. |
l . O | [cenTREE . DISCHARGE < RECIP. — @ T | ek gy |
GOV 5112 GOV83A J-T VALVE (
) 7 @ | 10| SCRUBBER oas OOk 60v 103-1SCRUBBER  RECIP. COMP. | RECIP COOLERS A RECIP COMP 53.5
It | by 155/ 156 psv 728 99- 2 - IRy 1-c-103 = cov103-2\{-C-1064)  1-K-103.A 1-E-103.A/B J-T FLASH DRUM K 1-K-103.A MSCFD,_ THROTTLE VALVE
GAS LIFT MANIFOLD MMSCFD GOV 80-A1 ZERO VENT. 200 3-C— 701 : — |
! —ESV 38 L 103.7 CENTRIF. METH. METH —] PCV 501
FROM RESERVOIR ! = : MMSCFD COh?(ﬁF;ESSS/SR Sov10018 0 N , N oy = . MCP - 01
bl PRODUCTION CONDENSATE 1-K-105. 1-C-104 190 10 fa7 S PIG TRAP MOV 952
. SEPARATOR K.0. DRUM TO HP FLARE GOV 878 GQv 1003 § LCV 83 BYPASS 1-C-104 o HP FLARE
1-C-108.A SEPARATION 1-C~-104 " EI 7394 BPD 4
S = GAS COOLERS : PSV 202 > ' TN N < MOV 951
I — z : " 1-E-101.A.BC+D LJ PCV 2028 1-2 GOV 904 GOV 745 330 GOV 741 S%ZSE Gov PSV 524
1st GOV 743 136 A/B ! L L
|—> < = =] - . GAS TO MCP-01
| " CENTRIF. ( ) DISCHARGE STAGE RECIP. > D
\/ v, \/ ION SCRUBBER GOV8LB - SUCTION — @ MOV 953 ESV 956
KO KO KO PSV157/158 Pl SUCTIO GAS COOLER -C-105.8 RECIP. SCRUBBER
[J | SCRUBBE SUCTION 0 dPCV 723 A+B
SV 39 S 1-E-102.B SCRUBBER 1t STAGE st STAGE 0 1-C-116 | 2nd STAGE GAS TO
= G0v 81-B1 601321 V" y0eg)  RECIP. COMP.  RECIP. COOLERS 8 RECIP. COMP. CLAYMORE
D] PRODUCTION BSSaLER oV h-as CENTRIE ZERO VENT GOV 132-2 1-K~103.B 1-E~103.C/D Fa_x Ky 1-K-103.8 “TOP -UP"
[t PECARM R 1-G-105.A COMPRESSOR METH. Lev72s
' 1-K-105.8 GOV 1000C INJ. ME,L*j—n Module C
2306 BPD TO H.P.FLARE 60V 88C Gov 1004 §ECVEE L 10 1-C-10e BALANCE LINE N 10 1-C-104 _ CLAYMORE
I METERING # [ | [ PIGC_TRAP MOV 502
5 . N 203C PSV 201. .
Est\a/s;gauazég r BOOSTER PCV 203 TO C-202
PUMPS ESV 503
DISCHARGE ! METH .
TEST 1-6-1058+C SCRUBBER GOV 85C 1537 BPD @ i CONDENSATE INJ. i !
SEPARATOR GAS COOLER A - SUCTION VESSEL —= GAS TO/FROM CLAYMORE
SCRUBBER C-105.C ” e PSV 504 c
1-C-109 u 8 103 1-E-102 C 2-C-202 P ESV 501
GOV 82-C1 C =
GOV 82-C2
OIL TRANSFER PUMP METERING CENTRIF. l SOVS010 J SDV 5005 btved AUGAL
WELLS WELLS WELLS Z6- 108 COMPRESSOR T0 SOV 5009 NJECTOR PR TOC-202
WITH GAS WITH ELECTRIC ON WATER 1-K-10%5.C 1-C-104 CONDENSATE 2-G-200.A 350
LIFT SUBMERSIBLE ~ INJECTION OR N\ T0 H.P ELARE GOV1005 LCV s BOOSTER PUMPS METH.
PUMP PRODUCING g ok ; 3-G6-701.A INJ. PSV 505
NATURALLY
CONDENSATE 400 MOL rl\4NETHA {FI\ETH.
TRANSFER PUMPS PIG_TRAP MOV 207 ) ‘ sovsorz SO O NDENGATE e
1-G-109. A+B ESV 206 | 12949 BPD @ SDV 5011 INJECCTION PUMPS
— e wem mes s wm e MAIN OIL LINE (MOL) TO FLOTTA (Note 6) 36 ~___CONDENSATE 2-6G-200.B
Esv 208 | 0 'BOOSTER PUMPS  3-G-701.B
Fig. 7.8 Simplified flow diagram for phase 1 operation on 6 July, including emergency
| | shutdown features. The flowsheet quantities are given in Table J.1.
MAIN OIL :
LINE PUMPS I
1-G-101. A,B,C+D
e— Module A —- Module B - - Module C = 08 ff Level i
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Fig, .10 The gas detection system in C Module. Further dezails
of the location of the detectors are given in Table F.4.
Also shown are the four leak release points, positions
I-4, used in the BMT wind tunnel tests.
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