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RELIABILITY ANALYSIS -

OVERVIEW OF CURRENT PRACTICE

F. P. Dunn

INTRODUCTION

I appreciate the opportunity to talk with you on this rather important
subject--risk analysis, or, more to my liking, reliability analysis. I have
been asked to comment on application of reliability analysis in the offshore
0il and gas industry--how or whether it is being emploved, its benefits,

limitations, etc.

As some of you may already know, the 0il Industry Exploration and
Production Forum (E&P Forum) set uf a Working Group in 1981 to study and
report upon the uses, applicability and limitations of risk assessment in
offshore exploration and proddction operations. The Working Group made a
survey among membér companies in order to ascertain the extent to which risk
assessment is used offshore, for what purposes and with what effect. A member

of the E&P Forum will discuss the efforts of the group a little later.

I will talk briefly about the various facets of the offshore industry,
from exploration to development and production, with emphasis placed upon the
methods employed to achieve an acceptable level of reliability and safety.
Since my background is mostly offshore structures, I hope you'll pardon me if
I spend a little more time on that subject than on the other aspects of our

business.
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I will not concentrate on the formal mathematical procedures involved in
carrying out a classical reliability analysis--you're not going to see any
formulas with summations, probabilities, or deouble integrals--rather I will
concentrate on the fundamental philosophies, methods and procedures employed by

the industry to establish the desired level of reliability in its activities.

I believe one of the most important considerations in establishing and
maintaining a high degree of reliability in the offshore industry is the
development and maintenance of codes, standards and guidelines. The knowledge
and the experience gained through the years are documented in such codes,
standards and guidelines for use by all. I quote from an article which appeared
in the Marine Board Annual Report, 1981:

"The engineering profession, which serves both industry
and government, has long recognized the need to provide self-
regulation and guidance to ensure the maintenance of professional
standards of design and construction. The engineering profession
in the United States pioneered self-regulation of many activities
before their regulation was taken up by government, through such
steps as professional licenses, the standardization of materials
and testing procedures, the development of guidance rules and
codes, and the promulgation of recommended practices.

Similarly, industry has recognized the need to prcduce the
resources and carry out activities in the demanding environment
of the oceans in a safe manmer, to ensure the ongoing productivity
of its perscnnel and its facilities, and thus to protect its
investment.

The engineering profession and industry have historically
joined together in vo%?ytary actions to produce a wide range of
consensus standards."

1 . .
( )"The Employment of Voluntary Consensus Standards in the Regulation
of Cffshore Development,” Ben C. Gerwick, Jr., Chairman, Marine Board,

National Academy of Sciences.

IAA844001
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Many organizations participate in creating these documents--the Coast Guard,

the Minerals Management Service, industry organizations such as the American
Petroleum Institute (API), the American Bureau of Shipping (ABS), professional
societies like the American Society of Mechanical Engineers (ASME), and various
domestic and foreign standards writing organizations. All of these organizations
have cooperated in creating a fairly cqmprehensive set of documents,_whose
purpose is basically to provide for an acceptable level of reliability in

conducting various activities.

Formal reliability analyses have been employed frequently in creating rational
bases for the contents of these documents, and I will point out later a few

examples of the use of such analyses in some of our operations.
EXPLORATTION
There are three major categories of equipment used in offshore
exploration activities: 1) seismic vessels; 2) mobile offshore drilling

units; 3) support vessels, e.g., crew boats, helicopters, etc.

1. Seismic Vessels

Seismic vessels, as a percentage of the whole, represent a very small part
of offshore operations. Therefore, I will only point out in passing that
such vessels and their maritime appurtenances are regulated under USCG
regulations, ABS certification requirements, and The Internafional
Convention on Safety of Life at Sea, 1974. Also, the maritime personnel

on board are subject to government license requirements.

TAAB44001

o



Reliability in these operations is previded as a part of the normal course
of business through the use of industry codes and standards, government

regulations and certification requirements.

2. Mobile Offshore Drilling Units (MODUs)

Drilling units were designed, built and operated under guidelines and
voluntary standards written primarily by industry-sponsored organizatibns
until 1979. Since that time all U.S. flag MODUs have been certified by the
USCG(Z). The units are surveyed by the ABS and carry an ABS classification.
The design and construction of industrial equipment on board these units

is subject to industry standards, whereas the maritime equip-ment on the

vessels is controlled by USCG certification requirements for Mobile

Qffshore Drilling Units.

The same is true for personnel. During drilling operations, the
industrial personnel on board are not licensed by the Coast Guard. While
underway though, varying maritime licensing requirements apply depending on

whether the vessel is capable of independent navigaticn.

The USCG now requires that MODU industrial systems be designed in
accordance with the principles of API 14C (Analysis, Design, Installation

and Testing of Basic Surface Safety Systems on Offshore Platforms).

(2)

Foreign flag units must have a "Letter of Compliance" issued by

the USCG.

TAAB844001



Further, the industrial systems must be analvzed and certified to comply

with other applicable industry standards.

Thus, since 1979 there has been a U.S. regulatory requirement for the
formal application of the principles of designed-in safety protection
from potentially hazardous conditions, with consideration for inclusion
of a safe alternative when there is failure of a primary industrial
component. Several different types of reliability analyses, such as
damage assessment studies, hazards identification analyses, studies on
causes of blow-outs, etc., have been done and are done as routine

evaluations.

In summary then, there are four categories of design standards for a

Mobile Offshore Drilling Unit:

(1) Voluntary standards for the industrial equipment;

(2) ABS classification standards;

(3) USCG requirements (in excess of ABS) in areas such as life saving

appliances;

(4) Requirements to facilitate international travel:

TAA844001



a. International Convention for the Safety of Life at Sea

(SOLAS) 1974 for self-propelled vessels.

b. International Maritime organization - Code for the
Construction and Equipment of Mobile Offshore Drilling

Units (MODU code).

With the exception of very special categories such as life saving
appliances, the primary difference between application of the voluntary
standards in the first category and the other three categories is a
requirement for third‘party verification that the vessel in fact complies
with a standard. In most cases, the standard used is a standard
developed through the voluntary system. For illustration, the AES has a
special committee on Mobile Offshore Drilling Units (slide) which is
composed of industry, Coast Guard and ABS persomnel. This committee
drafts the ABS requirements. The result is an industry voluntary
standard which is administered by ABS, accepted by the U.S. Coast Guard
for national and international purposes, accepted by insurance ccmpanies

for insurance purposes and paid for by industry.

Cffshore Support and Standby Vessels

The third category is offshore support vessels. These vessels are common
in all phases of offshore operations. Most of the vessels are now
operating as USCG certified vessels. Again, reliability analyses of omne
form or another have been employed by industry, ABS and the government to

assist in developing applicable codes and standards.

TAAB44001
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A very important support vessel for offshore operations is the helicopter.
Most helicopter operatioms, including the licensing of the pilot, and the
design, construction and maintenance of the helicopter, are closely
controlled by the Federal Aviation Authority (FAA). The offshore landing
areas are designed, constructed and operated in accordance with industry
standards such as API RP 2L, Recommended Practice for Planning, Designing
and Constructing Heliports for Fixed Offshore Platforms, and the Helicopter
Safety Advisory Committee (HSAC) manual. Component reliability analyses
have been conducted for helicopter operations, primarily by the

manufacturers.

FIELD DEVELOPMENT

Structures

There are three distinct phases for development of oil and gas leases

offshore. The first is the installation of the structure to be used for

drilling the development wells, the second is the drilling of those wells, and

third is the installation of production and pipeline facilities.

First, a suitable structure must be designed and installed taking into

consideration water depth, environmental climate, foundation conditions, size

of facilities, etc.

The basic philosophy of the offshore industry has been to provide redundancy

or alternative solutions where experience or analysis indicates possibility of

failure, in order to minimize the consequences of failure. This philosophy is

TAA844001



embodied in the ihdustry guideline APT RP 2A. This document was written by
knowledgeable representatives of various companies, updated as appropriate,

and supported by the cumulative research and development efforts of the industry
(upwards of 200 million dollars over the past ten vears). I have been a
participant in this effort for almost 20 years, and I know that uppermost in

the minds of the participants who wrote this document was the desire to create
the best technical document possible, balancing on the one hand the cost of
over—conservatism, and on the other hand the consequences of failure. Decisions
of this sort were not made arbitrarily. They were made by experienced pecple

who fully understood the comsequences of these decisions.

I would now like to discuss a specific example of the use éf formal

»réiiébility analyses in our business. These methods héve been employed to
establish design criteria for some areas where we operate, like the Gulf of
Mexico. First; we establish what level of reliability we need to achieve.

This slide shows one reasonable means of achieving the answer. Basically, an
optimization process is involved wherein the analyst proceeds through several
iterations of design, making the structure stronger (and more costly), but also
reducing the probability of failure. This next slide is a schematic of the
procedure. The analyst's goal is to find an equitable balance between costs
(first cost plus failure cost) and reliability. Desirable criteria can then be
established and incorporated into a design code or recommended practice , such
as RP 2A., An absolute neceséity in this exercise is calibration with reality--
we must check our descriptions of the enyironment and our estimates of struc-

tural strength with actual experience. If necessary then, we change our

TAAB44001
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analytical model to correspond with that experience. Too often this is not

done, and as a consequence, the analysis is of little real value.

I might also mention that the API Task Group on Offshore Structures is
now in the process of changing RP 2A, the industry guideline, to a reliability-
based format. This has been going on for the last four or five years. A draft
of the revised Recommended Practice will be published within two years.
Moreover, the American Institute of Steel Construction has just published a

draft of their Load and Resistance Factor Design Code, which will be used

for certain design tasks.

At times there is need to perform reliability analyses in order to assist
in arriving at an optimum solution when presented with various courses of actioﬂ.
Such techniques were recently used to determine the relative ranking of several
proposed exploration drilling structures for Harrison Bay in the Beaufort Sea
offshore Northern Alaska. The primary objective was to determine the feasi-
bility of a particular concept based‘upon its probability of being driven off

location due to ice loads.

Ice forces for Harrison Bay were computed probabilistically, using an
ice simulation model to forecast ﬁhe structure's exposure to multi-year ice
floes on a seasonal basis. The ice environment was subdivided into four ice
seasons--break-~up, summer, freeze-up and winter--that were modelled using site
specific envircnmental data. Annual and seasonal ice force distributions

resulting from multi-year ice floe collisions were subsequently computed using

TAAB4ALDOL
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both empirical and mechanistic relationships that have been calibrated with

both small and large scale test results.

The probabilistic loads were combined with structure foundation resistance
distributions using a conventional reliability analysis to determine the
concept's gbility to resist lateral load. The annual probability of being
driven off location was computed for soil conditions where the resistance
function does not vary with time (sand and stiff clay sites in which conso-
lidation effects are not important). At the weaker clay sites, where the
lateral resistance increases in time through consclidation, seasonal
reliabilities were determined assuming an average resistance throughout the
season. The seasonal reliabilities were combined to determine the annual
resistance reliability. The structural concepts were then ranked in order of

their calculated resistances. Quite an interesting and valuable evaluation.

Formal reliability analyses have thus been employed as a tool to arrive
at optimum choices in determining design criteria, or to choose a particular
course of action when confronted with several reasonable choices., It is
important, however, tc remember that such analyses are only tools--they do not
supplant experienced engineering judgement--they only assist in making a more

rational judgement.

I have seen some reliability analyses which, while done using acceptable
methods, reach the wrong conclusions. An example of this is an analysis which
indicates that one should not pay a premium in order to reduce the likelihood

of an undesirable consequence, because the likelihood is so small. Well, in

TAAB44001
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some cases, cne simply cannot afford that consequence under any circumstances

(e.g., bankruptey), so he will pay the premium.

I have also seen some rather sophisticated analyses which really do
nothing more than 'prove" that the choice of action favored by the analyst (or

his boss) is indeed the correct choice.

There are many other considerations which are more important in
contributing to system reliability than formal risk analysis. Competent people
are on the top of the list. No amount of sophistiéated analyses can substitute
for intelligent, experienced, hard-working people. Moreover, we must encourage
such people to document their experience in codes and standards, so that others

can benefit.

In our offshore structures business, I would much prefer having an engineer
knowledgeable about materials, welding and welded comnnections than one knowledge-
able about risk analysis. I will go further than that--I would advise my son,

a structural engineering student, to take courses offered in materials, welding,
and connection details rather than any courses in reliability analysis per se.

I believe that any study of failures of buildings, bridges, offshore structures,
etc. will conclude that most of thebfailures are caused by poor selection of
material or lack of attention to detail (especially of connections), either by
the design engineer or the builder. It seems that almost every week we read in
Engineering News Record of some failure caused by one or the other of these

problems.

IAAB44001
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I therefore believe that we can move much more effectively toward more

reliable structures and systems by concentrating our efforts on more intense
review of design and more attention to inspection of construction, so that we
will have a better chance of catching the blunders that cause most of our

failures.

B. Drilling and Well Control

The second phase in field development commences after the structure

is in place.

The rig illustrated in this slide is portable and has an extended life
expectancy of about 20 years. The unit is built to meet industry codes and

standards. The list of such codes and standards is extensive, as you can see,.

Subsurface well controls are designed and operated in accordance with the
API 14 series of specifications and recommended practices. As an aid in
creating these documents, a typical risk analysis was conducted for a well
completion system in order to compare reliability of key cémponents of the
system. The primary source of data was operators’ exﬁerience; secondary source
was United States Geological Survey records on safety valve failure. The
objective of the study was to optimize equipment performance and tc develop
data for studying semsitivity of system reliability with respect to key compo-
nents. Reliability analyses were performed using logic diagrams. The results
demonstrated marked penalties for complicated well completion systems and

determined a probability of blow-out among competing systems.

TAA844001
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C. Production Facilities

The third phase occurs after drilling is completed. The rig is removed

and producing facilities are installed on the platform.

These facilities are designed and constructed utilizing a broad spectrum
of voluntary industry standards and recommended practices. For the most part,
design criteria used are the same as are used in onshore refineries and chemical
plants. There are cases where it is necessary to have specific'offshore
standards. These are usually written as API standards or recommended practices,
such as API RP 2A, previously discussed. These documents represent an assembly
of proven technology, written by engineers who take advantage of industry R&D
efforts to arrive at rational criteria and guidelines. Depending on the
purpose, the documents are issued as specifications, standards, recommended

practices, guides, bulletins, etc.

In the case of production facilities, there is an MMS regulatory
requirement that the facilities be protected with a system designed, analyzed,
tested and maintained in accordance with the provisions of API 14C. The
purpose of the API standard is to protect personnel, the envifonment, and the
facility, i.e., identify undesirable events and define measures to prevent or

minimize their effect.

D. Pipelines

Pipeline systems are usually built while production facilities are being
installed. Gas and oil are normally separated offshore and transported via

separate pipelines to onshore facilities. These pipelines are usually common

TAA844001



14

carrier facilities and are designed, installed and operated in accordance with
49 Code of Federal Register (CFR) 192 and 49 CFR 195. These regulations

incorporate the voluntary standards listed belcw as apprbpriate.

Interconnecting field pipelines are designed in accordance with American

National Standards Institute (ANSI) voluntary standard B 31.4 Liquid Petroleum

Transportation Piping Systems and ANSI B 31.8 Gas Transmission and Distribution

Piping Systems. The regulatory agency having jurisdiction over common carrier

pipelines is the Department of Transportation. The MMS administers governmental

requirements on intra-~field lines under 0OCS Order No. 5 and 9.

OPERATION AND MAINTENANCE

The industry philosophy on operation and maintenance varies,

understandably, with the company and/or type of equipment and operatioms.

Most companies operating on the Outer Continental Shelf have standard
safe practices, operating procedures and training requirements which are
designed to provide for operating efficiently and for the prevention of
unplanned incidents. These operating procedures incorporate industry practices
and government regulations as appropriate. The same is true for maintenance.
I have chosen cranes as a piece of equipment to illustrate further how the
system works and how U.S. governmental requirements and industry ﬁoluntary

standards are meshed to minimize risk.

TAA844001
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Cranes are a very necessary piece of equipment offshore. They provide
the final link in the supply line to and from onshore. Due to limited
offshore storage, an inoperative crane quickly brings operations to a

standstill.

The MMS requires that API Specification 2C, Offshore Cranes, be used as a
guideline for the selection of cranes. The USCG requires that cranes for MODUs
be designed in accordance with API Specification 2C. Similarly, both agencies
require that operation and maintenance, including personnel qualifications,; be

in accordance with API RP 2D for Operation and Maintenance of Offshore Cranes.

Acceptable loading and enviromnmental criteria are set out as appropriate
in Specification 2C. Guidelines for training and qualifying personnel as
operations and maintenance personnel are included in RP 2D. Also included
are recommended practices on operation, inspection, testing and maintenance.
These procedures are designed to keep the crane in a satisfactory condition to
operate within its designed capability. Again, the writers of this RP pooled
their cumulative knowledge and experience over the last twenty vears to create
a guide for others less experienced to follow. Formal analyses of several
types were conducted, both by manufacturers and by operators, including fault
tree analyses, cause/consequence diagrams, etc. The results were used as

background for the recommendations.

TAAB44001
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CONCLUSION

We have just completed an overview of the major aspects of offshore
operations. The experience and knowledge of many members of the industry and
the extensive R&D budgets of the many companies involved have been employed to
arrive at voluntary standards, codes and recommended practices for safe and

reliable conduct of these operatioms.

In summary, we take risks in whatever we do and their existence should be
recognized. The primary advantage of a systematic analysis of these risks is
that the analysis assists greatly in understanding the majo} sources of these
risks and how important they may be. It points the way to a decision to proceed
or not proceed with a project, or an optimum choice of alternatives, or a more
Vfational choice of»safety factors and design criteria, However, it is not a
panacea--it is a tool for the analyst, and like any other toocl, it is as

valuable as the intelligence and experience of the analyst make it.

Reliability analysis has its place, but it will never substitute for
sound engineering judgement, thorough analyses, and, most important, attention
to those million aﬁd one details which, together, make up the whole of a
structure, a drilling rig, well, production facility, or pipeline. Almost as
important, in my opinion, is the documentation, via guidelines and standards,
of the knowledge and experience of good engineers, so that less capable and/or

less experienced engineers can take advantage of that expertise.

TAAB44001
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OLJEDIREKTORATET
LAGARDSVEIEN 80, BOKS 6800 4001 STAVANGER - TELEFON (04) 53 31 80 TELEX 33100 NCPED
PYSTEIN BERG

Dr. Felix Y. Yokel

Leader, Geotechnical Engineering Group

Center for Building Technology

Building 226, Room B-162

National Bureau of Standards

WASHINGTON DC 20234

Uusa , Stavanger 11.1.84

Dear Dr. Yokel,

./ ) Enclosed is the written material for my lecture at the
workshop on March 26 and 27, 1984.

I am sorry it tock so long to produce, but as you

can see it is quite bulky. I have decided to enclose
a full presentation to the background of the Norwegian
legislation which influence Offshore Risk Management
over here since I feel it is important that this is
known by the participants at the Workshop.

When it comes to my actual oral presentation, I shall
leave out most of the detail and discuss the important
aspects of our

~ Internal Control System

- Requirements for Concept Evaluation og Offshcre
Development Projects

- Safety Management Model for Offshore Development
Projects.

Since Dr. Slater shall talk about Risk Assessment
Methodologies, you may consider whether I shall give

my presentation before him. I expect Dr. Slater to
give examples from his work on development projects

in Norway under the framework of Norwegian Offshore
legislation. The presentations may fit better together
if I start with the overview and Dr. Slater takes care
of the details. However, I leave this for vyou to
decide.



I have spoken to some of the Norwegian candidates on
your list of participants. These have not had an
invitation to the Workshop and we wonder if these
have been lost in the post?

As mentioned in my telex last week, I would like to
bring my Principal Engineer, Mr. Olaf Thuestad to the
Workshop and the following meeting at MMS. His topic
in the group discussions will be "Concept evaluation
and Design”. All his expenses will of course ke
covered by ourselves.

I look forward to seeing you at the Workshop.

Yours sincerely,

Pystein Berg
Deputy Director

Enclosure



MANAGEMENT OF OFFSHORE RISK

A presentation of some of the safety control elements of
the petroleum activities as practized on the Norwegian
Continental Shelf,

by Dr.‘zystein Berg,
Deputy Director, the Norwegian Petroleum Directorate
(NPD)

In order to explain how offshore risks are managed in
Norway, it is first necessary to briefly describe the
development of the official framework concerning safety
regulation and control. Thereafter I shall describe more in
detail how the various elements of risk management is taken
care of in relation to major offshore development projects.
I shall in particular describe these activities in relation
to two NPD guidelines for offshore petroleum activities
which are quite unique in the world of the offshore
industry, namely "Guidelines for the licensees internal
control" (Appendix 1) and "Guidelines for safety evaluation
of platform conceptual design" (Appendix 2).

Introduction

The "petroleum adventure" in Norway really started in 1959
with the enormous gas f£ind in Groningen in the

Netherlands. It was well known that hvdrocarbons were

found and prcduced on the other side of the Channel, and
the oil industry deducted that there might be reservoirs
under the North Sea. They were correct, as evidenced by for
instance the important offshore gas fields on the British
Continental Shelf,

Encouraged by this, some companies got the idea that it

might be wecrth while looking for hydrocarbons further
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north, and towards the end of 1962 an American company,
Phillips Petroleum Company, apprcached the Norwegian
Government and asked for the sole right to explore £for and
exploit hydrocarbons on the Norwegian Continental Shelf.

The Government had to take its time, There was no
legislation covering such activities, no administrative
apparatus, and apart from the shipping companies expertise
in transporting oil in tankers, our industry had hardly any
knowledge of the various aspects of oil and gas exploration
and production,

Some basic questions had to be dealt with before operations
.could be allowed to start, the first one being "what is the

extension of our Continental Shelf?2"

In accordance with the 1958 Geneva Convention, a Royal
Decree was issued in May 1963 declaring that "the seabed
and the subsoil in the submarine areas outside the coast of
the Kingdom of Norway are subject to Norwegian sovereignty
in respect of the exploitation and the exploration of
natural deposits, to such extent as the depth of the sea
permits the utilization of natural deposits, irrespective
of any other territorial limits at sea, but not beyond the

median line in relation to other states",

The median lines were drawn up in agreement with the UK and
Denmark in 1965, with Sweden in 1968, and this clarified

o .
the situation south of 62 . North of this parallel

there are still some important question marks.

Just a month after the 1963 proclamation stating that the
shelf outside the coast of Norway belconged to the Kingdom
of Norway, the Storting (the Norwegian Parliament) issued a
law relating tc Exploration and Exploitation of Submarine
Natural Rescources. This is a very short law with only 6
sections. The law, which is a typical framework law,

contains the following three main principles:



1. The right tpwsgp@épigg§ggggra;w;esources is vested in
the State.

2. The Government may give Norwegian or foreign persons,
including instituions, companies and other
associations, the right to explore for or exploit

natural resources.

3. The Government may issue regulations concerning the
exploration for and exploitation of submarine natural

resources,

Obviously when this started, there was a pressing need for
the regqulation of drilling activities while similar rules
for the production could wait. Thus we got a Royal Decree
of 25 August 1967 relating to Safe Practice etc in
Exploration and Drilling for Submarine Petroleum Resources.
The Decree has later been revised and now bear the date of
3 October 1975, The 75 version was not substantially
different from the 67 version; but had some important
additions, particularly a Chapter IV on Contingencies,
which sets out rather detailed requirements for contingency
plans for use in the event of accidents or dangerous
situations.

The 75 Decree has in all 121 Sections. In addition it
authorizes the Ministry of Industry (today transferred to
the Ministry of Labour and Municipal Affairs) and the
various controlling agencies "to issue further regulations
and orders as deemed necessary for the implementation of
these regulations”., This authorization has been used
extensively, a subject to which I shall revert in a moment,
and we are therefore faced with very comprehensive

regulations.

The Decree of 3 October 1975 can in many ways be regarded
as a framework. It specifies for example in many cases
that equipment shall be of a kind involving the smallest
possible risk of accident, fire, explosion and the like,

and that wells shall be properly secured in accordance with



good and careful oil industry practice. In the course of
time a need has arisen for a further specification of
requirements, and detailed supplementary regulations have

been drawn up or are in preparation.

The supervision of compliance with the -75 Decree has been
delagated to the following governmental institutions:

The Norwegian Maritime Directorate
The Norwegian Petroleum Directorate

The Norwegian Water Resources and Electricity

Board

The Directorate of Public Health

The Norwegian Telecommunications Administration
The Directorate of Civil Aviation

The National Inspectorate of Explosives and

Flamables
The Norwegian Directorate of Seaman

It is the Norwegian Maritime Directorate that is
responsible for the coordination of the control activities
from the different agencies in relation to the ~75 Decree,
These agencies have on their side issued regulations

covering their specific area of control,.

Fixed installations, pipelines, etc, were for a long time
dealt with in a manner which seemed rather unsatisfactory
‘with little or no written rules. However, on 9 July 1976 we
got a Royal Decree, Safety Rules for Production etc of
Petroleum Resources under the Seabed, which is broadly

speaking technical in nature.

laW:]



In the Committee Report upon which the Decree to a large
extent is based, it is emphasized that the installations
and equipment used vary greatly both in design and function
and that the operations to be performed are of many
different kinds. So are the accidents that may occur.
Consequently the Committee says: "It is not realistic to
foresee a set of regulations that can apply to every
detail™". The regulations therefore concentrate upon
"material and operations that experience shows involve
special risks and where failure may lead to the gravest
consequenses”,

Most of the 123 sections of the -76 Decree are of a rather
general nature and great emphasis is put upon a regular
flow of information between the licencee and the
Authorities so that at the earliest possible stage it can
be made sure whether technical or safety related issues are
acceptable or not. The Norwegian Petroleum Directorate has
the same role as coordinator for the control on fixed
installations as the Maritime Directorate has on mobile
installations, A number of other governmental agencies are

also involved such as:

The Norwegian Ma;;time Directorate

The Norwegian Telecommunications Administration

The Coastal Directorate

The Directorate of Civil Aviation

The State Pollution Control Authority

The Directorate of Public Health
Even though the regulatory system indirectly foresees a
certain amount of flexibility on behalf of the Authorities,
it is intended that more detailed regulations should be

drawn up. The Norwegian Petroleum Directorate has issued

such documents in most safety areas.
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Earlier I mentioned the Continental Act of 1963 on which
the two -75 and -76 Decrees are based. We also have another
important law which is partly applicable offshore. That is
the Act of 4 February 1977 relating to Worker Protection
and Working Environment.

The legislation for the protection of labour has traditions
in Norway back to 1892, when we got the Act of Supervision
of Factory Work. A more extensive and radical Act was
introduced in 1936. Since the 1956 Act, Norway experienced
an extensive industrial development. We constantly
introduced new chemical substances and materials, new
production methods and new ways of organizing the work.
This develoment in many ways changed the risk exposure of
the working places, and also increased our knowledge about
the negative effects and long-term consequences of this new
high risk working environment. Besides, stress developing
conditions in connection with the organization of the work, .
wage payment systems and management handling became
dominating subjects.

This industrial development has gradually been followed by
a series of important amendments in the working environment
legislation., However, finally there was a need for a
complete revision and extension of the foundation of the
law in order to bring it up to date with the technological,
econcmical and social development which had taken place.
This resulted in the Working Environment Act of 1977.

The main prinsiples of the law of 1977 may be listed in 9
roints as follows:

1. The Act shall secure a working environment which
give the employees full safety against harmful

physical and psycological influences.

2. The Act is intended to'apply for as many working
situations as possible, no matter what line of

business, and it includes both public and private



enterprise. %

3. The working environment is supposed to be "fully
satisfactory”.

4, The employer has the main responsibility for the
implementation of the law.

5. The employees have first of all a duty to show care
and attention and to carry out the preséribed measures
from the employer or the Labour Inspection/The
Norwegian Petroleum Directorate.

6. The working place should be designed in such a manner
that the employer in general could employ handicapped
persons.,

7. The Act has certain provisions concerning minimum age
of employees.

8. The employees shall have influence in working

environment gquestions.
9. The common sanctions have been strengthened.

As mentioned earlier, the Worker Protection and Worker
Environment Act is only applicable partly on the
Continental Shelf. The reason for this is that the activity
offshore is somewhat special compared with the onshore
industry. The Ministry of Labour and Municipal Affairs
issued a Royal Decree of 1 June 1979 stating which sections
in the law should apply offshore. In addition the Decree
also have some provisons that only apply to the Continental
Shelf. It is the Norwegian Petroleum Directorate that
supervise that these regulations are complied with.

The status today is therefore that we have two laws
followed by three Royal Decrees governing the safety
aspects in the petroleum industry on the Norwegian

Continental sShelf. {In addition the Norwegian Seaworthiness



Act is applicable to mobile units.) This framework has
resulted in a situation where there is a marked difference
in the contreol system for mobile and fixed installations.
The consequence 1is for example that an existing drilling
rig cannot readily be used for drilling production wells
because it will not comply with regulations applicable to

production installations.

Another practical problem is that the regulations governing
the activities of the control agencies and also the
industry, are on a very detailed level thus restricting
technological development and flexible solutions to

problems.
FUTURE REGULATORY FRAMEWORK

In 1972 it was decided that the petroleum activity needed
to be regulated in a dedicated law, and that there was
sufficient experience available to be able to develop such
a law. Work started, and is now, 10 years later, in the
final stages of preparation., The new "Petroleum Law" is
expected to be passed by the Storting (the Norwegian
Parliament) in the spring of 1985.

Two Royal Decrees will be added to the Law. One will
concentrate on resource management aspects and the other

. will concentrate on safety aspects. The latter will replace
the Royal Decrees of 1975 and 1976.

The report to the Storting concerning the "Alexander L.
Kielland®" accident contained an evaluation of the existing
control system and discussed necessary changes with
particular emphasis on main policy matters. I will describe
the most important ones as these will be reflected in the
new Royal Decree regarding safety in the petroleum
activity. These are:

1. The objective of the new Royal Decree is to establish
a unified safety standard for mobile and £fixed

installations and a more cocrdinated control system



based on the principlé 'of "internal control”.

2. Development of more functional requirements must be
carried further.

3. The development of the "internal control" system must
be continued in order to provide a regulatory system
which can secure effective control within the
limitations of the ressources available to public
authorities.

4, The future control system shall consist of the smallest
number of regulatory agencies possible and be well
coordinated.

5. Conceptual safety evaluations must be performed for all

types of installations used in the petroleum activity.

Regarding 1 - ("The objective of the new Royal Decree is

to establish a unified safety standard for mobile and fixed
installations and a more coordinated control system based
on the principle of internal control),

This will result in cne regulatory framework applicable to
the total offshore activity and hopefully eliminate the
problems we are experiencing today as a result of the
differences between the regulations for mobile and fixed
installations.

In order to fulfil these intentions, it is necessary to
harmonize the detailed regultations issued by the various
control agencies and where ever possible have identical
regulations with respect to mobile and fixed installations.
It is also essential that the involved Authorities
implement the regulations in the same manner. This requires
very good coordination which cannot easily be achieved with
the number of institutions involved today and the present
delegation of authority and tasks.
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Statement 1 also specifies that the principle of the
internal control duty shall be the main principle for the
total petroleum activity. So far this principle has only
applied to activities related to production installations,
but it is now in the process of being implemented by the
Maritime Directorate and some other Authorities, not only
for offshore activities but also for land based industries.

In the future other participants in the petroleum activity
will have to establish systems for internal control. That
means that all participants are expected to be responsible
for compliance with rules and regulations and must
implement a control system that ensures that rules and
regulations are adhered to.

This principle will also have an important impact on some
contractors and some operators that up to now have only
been engaged in the exploration activity. Regarding for
example mobile drilling units, the role of the
Classification Authorities will be regarded»as a part of
the operators/owners intefﬁal ébhffbi system. The owner
will therefore need a minimum staff to carry out the
necessary control work because it will be expected that the
internal control function is delegated to a specified unit
within the organization. This unit must have sufficient
organizational freedom to be able to examine all
subordinate control functions and to perform system

revisions on these,

The control performed by the Authorities will in the future
be consentrated upon controlling the internal control
system, This will mean a change from "equipment control" to
a "system control”, This system contrecl will be performed
as audits going through documentation, procedures and also
spot checks on physical parts of installations.

A control environment as described, will hopefully improve
the safety level as more concious efforts will have to be
made among those performing the activities on the

Continental Shelf regarding safety aspects in the planning,
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design, constructich 4hd operation phases. This environment
will hopefully also result in a better utilization of the
resources in the industry, support organizations and the

public control apparatus,

Operators Internal Control System

The fundamental principle in the legal framework for the
offshore activity is therefore that the licensees are
responsible for ensuring that the activity is performed
according to the safety regulations in force,

The control being performed by the public control agencies
will be a supplement to the internal control which the
involved operators, contractors, etc must carry out and
must in no way be considered a replacement or a part of
this control.

The licensee therefore has a clear duty to perform
necessary control himself and to do this through an
organized internal control system. This system shall not
only cover his own activities, but also include all
contractors/subcontractors who perform work for him.

The NPD first issued "Guidelines for the Licensees Internal
Control" on 7 June 1979. These were revised 15 May 1981.
(The main principles of these guidelines are presently
being upgraded to become "Regulations for Internal
Control"”. This is done in order to satisfy the new
Petroleum Law and will therefore cover all activities on
the Norwegian Continental Shelf, not 6nly those connected
to fixed installations).

The aim of the guidelines is to clarify one of the main
principles of safety control of the petroleum activity on
our Continental Shelf, '

The guidelines have the following definition of internal
control: ' '
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"All systematic actions that are necessary to ensure that
the activity is planned, organized, executed and maintained
according to requirements in and persuant to laws and

regulations".

It is important to notice that this definition incliludes the
quality term. (Conformance with specified requirement).
This means that the internal controcl normally will be taken
care of by a total Quality Assurance system that shall
ensure conformance with the company”s own requirements. The
requirements from the Authorities concerning the scope of
an internal contreol system, might thus be regarded as
minimum requirements to a total Quality Assurance system in
the company.

The guidelines are applicable to all activities, such as
design, construction, installation and operation of

facilities.

It is required that the internal control system is
described in a_ general form with reference to more detailed
descriptions of the different parts of the orxrganization

and/or different phases of the project.

The description of the system, once accepted by the
Authorities, are binding with regard to the operator
internally and the Authorities externally.

The internal control system shall cover all parts of the
operators organization and all phases of an activity.

This shall ensure:

- that competent persons are used during planning,
construction, building, installation and operation

- that worker protection and health personnel shall be
able to perform their work according to the intentions

of the Law
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that all employees“éhd contractor personnel are given
necessary training

that a total safety evaluation is performed at final

concept choice
that an analysis of the construction is performed

that systems are established for the administration of
documents in all phases of a project

that purchasing documents, specifications, etc, contain
sufficient Quality Assurance requirements

that controcl of responsibility and communication lines
(interface control) are ensured

that the suppliers Quality Assurance is assessed,
accepted, audited and verified

that it can be documented (by test reports, certificates
etc) that goods or services supplied have an acceptable
quality

that satisfactory operating programmes (for example
programme for drilling, start-up, production and
programmes for simultanious activities, inspection and
testing, maintenance, etc) are made and followed

that temporary equipment may be installed and operated
in a secure way and persuant to established requirements

that Quality Control during the operation functions
effectively

/
that corrective actions take place when the Quality
Control indicates deviation from established quality
requirements

that specifications for repair are established, and that
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the specifications gives sufficient support for - and
sets sufficient requirements for the execution of the

repair

- that modifications or repair do not reduce the

originally specified safety level

- that procedures are performed in such a way that the
safety is taken care of, even 1f the production
installation must be operated in a not predetermined way

- that the safety of the installations also is ensured
throughout work conflict and irregular shut down of
production

- that necessary actions take place and involved
Authorities are informed if abnormal incidents or
accidents should occur

- that information and documentation are presented on time
for the Authorities in accordance with laws, regulations
and guidelines

These examples are not a comprehensive list of what the
licensee”™s internal control shall contain, but highlight
gsome areas that should be given special attention.

It is of importance that the licensee does evalutate which
areas that are covered through normal internal routines and
also areas where special efforts are required. It must

also be possible to continously update the internal control
system,

To ensure the intended function of the internal control,
the organization plans shall include and/or describe the
function and the position of personnel that shall supervise
internal control and their duties and responsibilities in

that connection,

General responsibility and supervision for the internal
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control is expected to be delegated to a special unit in
the licensees organization. This unit must have the
necessary organizational freedom to execute supervision of
all relevant control systems and to perform system audit.

Necessary organizational freedom will normally mean that
this function should be excluded from operational
responsibility and should have the possibility to report to
a higher organizational level than the ones this unit
supervises,

It is emphasized that this responsibility shall not be in
conflict with the free and independent position that worker
protection and health personnel shall have according to the
law. The internal control system shall ensure the integrity
of these functions also with respect to organizational
freedom.

The development of the internal control philosophy has in a
very satisfactory way reduced the NPD”s heavy control-work

on a detailed level and made it possible to concentrate on

the main important aspects. Control on a detailed level is

still performed, but now as a part of a planned audit on a

specific subject.

The NPD”s impression is also that by checking the operators
internal control system, instead of only checking
individual technical components, we have achieved a better
safety understanding and acceptance within all parts of the
operators organization. This again has resulted, we feel,
in a higher safety level on the fixed installations in
general,

Regarding 2 -~ ("Development of more functicnal

requirements must be carried further").

A consequence of the above described control approach is
that the requirements in the new Royal Decree will only be
presented as safety gcals and it will be up to the control

agencies to issue more detailed regulations. These

o3l
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regulations will have to be functional in form and as far
as possible, avoid specifying how safety aspects shall be
resolved. The intention is to avoid frequent revisions of
the regulations due to rapid development of new
technologies, etc, The objective is therefore to achieve a
more flexible regulatory system.

Regarding 3 ~ ("The development of the internal control

system must be continued in order to provide a regulatory
system which can secure effective control within the
limitations of the resources available to public
Authorities"),

This item has been commented under 1, but I will add that
in order to further develop the control system based on the
philosophy of the internal control duty vested with the
industry, it is important that all parts of the industry
really put an effort into aeveloping a good, trustworthy
internal control system. If this effort is not made, it can
result in reverting back to a control system that is less
flexible, more timeconsuming, complicated and more resource
demanding.

Regarding 4 - ("The future control system shall consist

of the smallest number of regulatory agencies possible and

be well coordinated").

This statement means that a consious effort will be made to
reduce the number of public control agencies and develop a
system where coordination is easy. If this is achieved, one
of the main problems of getting the same safety framework
for the total offshore activity is eliminated. It will
therefore also be easier to establish a flexible
regulatory environment for the industry and control

agencies.,

Regarding 5 - ("Conceptual safety evaluations must be

performed for all types of installations used in the
petroleum activity").
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This item is chused ba¢ag§gM;; is expected that the safety
of an installation should normally be checked on three

levels.

- Serviceability control where the main aim is to reduce

downtime,

- Component failure contrcl where one verifies safety
against structural and equipment/component failures.
Failure control is checked for events of larger effect
but less frequent than serviceability control.

- Major accident control where one verifies the
installation safety against major accidents jeopardazing
a large number of lives, causing severe pollution or
major economical losses.

The serviceability and component failure control is
normally covered by existing codes and regulations.
Procedures and criteria for major accident control is not.
It is therefore necessary to introduce a requirement
stating that a conceptual safety study shall be performed
as this is considered being a vital part of the major
accident control,

The NPD has therefore developed a "Guideline for Safety
Evaluation of Platform Conceptual Design® with the purpose
of giving guidance for the execution of safety evaluations
of installations, The intention of the guidelines is to
express the general attitude of the Norwegian Petroleum
Directorate to the problem area, and to indicate how the

safety aspects can be handled at an early stage of design.
It is important to note that the guidelines are intended to
be used for safety evaluations and analysis of
installations as completad in the operational phase.

The main chapters of the guideline is as follows:

- principles of the evaluation
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- design accidental events
- acceptance criteria

Principles of evaluation.

it is presupposed that the operator has chosen a concept
that complies with general safety criteria. The intention
of the evaluation is to verify at an early stage that the
concept chosen will result in an acceptable installation,
and that no major changes during design and construction
phases will be necessary because of safety requirements.
The aim of the evaluation is therefore to establish
acceptable safety in compliance with given criteria,

Design accidental events.

For the installation, or parts of it, that are relevant to
the acceptance criteria, the licencee should specify a set
of design accidental events. In principle, the design

accidental events shall be the most unfavourable situations

relative to the acceptance criteria.

In practical terms, it may be considered necessary to
exclude the most improbable accidental events from the
analysis. However, the total probability of occurence of
each type of excluded situation should not by best
available estimate, exceed 10 per vear for any of

the main functions specified in the guidelines.
This number is meant to indicate the magnitude of aim for,
as detailed calculations of prcbabilities in many cases

will be impossible due to lack of relevant data,

Acceptance critiera.

The platform design must be such that a design accidental
event does not impose a danger to personnel outside the

immediate vicinity of the accident.

This statement can be considered satisfied by complying
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with the following three criteria:

at least one escape way from central positions, which
may be subjected to an accident, shall normally be
intact for at least one hour during a design accidental

event

shelter areas shall be intact during a calculated
accidental event until safe evacuation is possible

depending on platform tyve, function and location, when
exposed to the design accidental event, the main support
structure must maintain its load carrying capasity for a
specified time,.

In summary the basic concepts of the NPD Guidelines for

Concept Evaluation are as follows:

1.

The adequacy of the platform design is measured by the
ability of escape ways, shelter areas and main support
structure to remain functional or partly functional
during any of the several Design Accidental Events
(DAEs) to permit personnel outside the immediate
vicinity of the accident to reach a safe location.

The DAEs are particular scenarios in each of which an
initiating failure (e.g. pipe rupture) is considered in
combination with particular conditioning circumstances
(e.g. wind directions, protective system operation,

etc).,

Accidental events which do not fall in the DAE class
because they would make all escape ways impossible
should not have a total precbability exceeding 10”4
per year; the same applies for shelter areas and main
support structure. ‘

As it is expected that such evaluations are carried out on

all types of installations, it is natural to assume that

guidelines such as the one just mentioned are developed for
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use in the industry as a total. This development will
result in a more overall and thorough evaluation of safety
aspects, and assure in a more systematic way that major
safety problems are defined and handled at an early stage
in a project and thereby improving the overall safety of
the installation.
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GENERAL DESCRIPTION OF PROCEDURES FOR APPROVAL OF THE
DEVELOPMENT OF PETRCOLEUM RESOURCES ON THE NORWEGIAN
CONTINENTAL SHELF

The Norwegian Authorities approvals of the various phases
of offshore development projects are a major part of the
safety management structure., The Norwegian Authorities put
great emphasis on the safety and risk related activities in
a project and that they are performed in a systematic and
controlled manner., The phase related approvals given by the
Authorities are therefore considered as control stations in
this safety management process.

If an offshore operator wants to develop a petroleum field,
he firstly has to present to the Ministry of Petroleum and
Energy a "Field Development Plan" (Fig. 1). The formal
approval of the Field Development Plan will subsequently be
given by the Storting (the Norwegian Parliament) on the
recommendation of the Ministry of Petroleum and Energy
concerning resource related matters and the Ministry of
Labour and Municipal Affairs/the Norwegian Petroleum
Directorate concerning technical and safety related
matters.

The Field Development Plan shall in addition to topics
concerning geology, reservoir characteristics, economy and
technical installations, etc, also contain a section
concerning the safety management of the project. This
section should contain a description of the operators
safety policy, his management system for internal control
and Quality Assurance and the initial safety evaluations
undertaken which form the basic for the choice of
development concept.

The next approval given by the Authorites will be at

approximately the end of the pre-engineering phase when the
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Operator has to submit to the Norwegian Petroleum
Directorate what is known as the "Extended Field
Development Plan™ (the "Main Plan").

This is a continuation of the Field Development Plan, but
is more detailed than the former. The "Main Plan" is mostly
of technical and safety related nature and forms the basis
for the Governmental acceptance for the project to proceed
into Detail Engineering.

In addition to a technical description of the various parts
of the installation, included platform protection and
monitoring, the main emphasis of the "Main Plan” will be a
detailed description of the Internal Control and Quality
Assurance systems for the Development Project (Appendix 3)
and a major Safety and Risk Analysis of the installations
(Appendix 4).

Following these two major approvals, there will be a number
of part approvals given by the Authorities, such as:

- Approval to start fabrication

- Approval to tow out and install platforms
- Approval to lay pipelines

~ Approval te dry and test pipelines etc

In addition to these part approvals, the operator also has

to apply for various operating permits. These are:

- Permit for use for dwelling purposes

- Permit for use for production drilling
- Permit for use for petroleum production
- DPermit for use for pipeline systems

-~ Permit for use for shipment facilities

Common to all these approvals, the operator has to confirm
to the Authorities, that all aspects related to safety and
Quality Assurance for the following activity are taken care

cf and in accordance with the Norwegian Laws and

Regulations. For some of the approvals, the Norwegian
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Petroleum Directorate specifically ask for documentation
{as indicated by the regulations) to follow the
applications.

In other instances, the Norwegian Petroleum Directorate,
may only spot check certain documents or activities to make
sure that the project is executed in accordance with the
required safety standards.

The Norwegian Petroleum Directorate only does a 100 %
control of the project up to and included the "Main Plan".
For subsequent activities the project control is undertaken
through the system for internal control., There is therefore
no formal system for certification as in many other
countries, although certificates or certifying authorities
may be used by the operator as part of his internal control
system,

The control undertaken by the Norwegian Petroleum
Directorate is therefore a control of the operators
internal control system and is usually undertaken on a spot
check basis. This form for auditing may be carried out on
all levels and on all activities, both thechnical and
managerial and during all phases of the project. Particular
emphasis is put on auditing the safety management system of
the operator and the development project.



24

1 "DId

AlddnNs

SISATVNY NS ~

"AVH3Id0 ONIAIO

/

"LOASSNYINIVIN _

~|||\\>bwu:m

M, HHOLLY Id

NOULYHIJIO
WHO41V 1d

‘SSY ALITYND

FINAAHIS -

NOILADAXA
103rOMd

- NOLLYZIMYDMO
NILEAE VO NOLLONO0W
TTHAD TYRHILN ‘BMO MYAL TOMd
o WHOM
ANNVEDOU V'O o 40 NOLLNDZXE
LD 102r0Md
ININIDVNYW oaLy:
AL34VS ALY N
YIALND NBIBAQ _
TINNOSH3d SHYIHIETIIM
"HO WHOALYId | aqsgoUsan _
TROAVT STIIMONTHYG \\
/NIONVHRY 41V1d “TIVLSMI ‘88Y _
‘ oom&zcﬁoscozn_ \
SWRISAS ALIIVS
. Nadid _
NYd AL34YS TOHd _ dSNVUL/AN NOILVZINYOUO

THYAENA Q1314
THIMYH LONGOMA
NOlLd4tHI830 AMNBRLO0T13A2Q
ININSOT1IAI]G avad

JHINSO VAN
” a4




25
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SAFETY MANAGEMENT:IN OFFSHORE DEVELOPMENT PROJECTS

As a consequence of the blowout on the Bravo platform on
Ekofisk in 1977, the Norwegian Authorities decided that tco
little had been done on Research and Development related to
the safety and contingency planning of offshore petroleum
activities in Norway.

A major 4-year R & D programme "Safety Offshore" was
therefore initiated in 1978. The programme which was
terminated in 1983 cost a total of 153 mill. kr. and
included 282 projects. (A summary of the various projects
can be ordered from the NPD). The programme was split into
three parts. Two of these were managed by the Norwegian
Petroleum Directorate and the third by the Royal Norwegian
Council for Scientific and Industrial Research.

A substantional part of the programme dealt with aspects of
Safety Management and Risk and Reliability analysis. Two
projects in particular looked at the overall Safety
Management aspects of offshore development projects in
Norway. These were:

- "Project Model for Safety Management in Offshore
Development Projects"”

- "Risk Analysis in Offshore Development Projects"

A Norwegian consultancy company, Bedriftsrddgivning A/S,
and the Safetey and Reliablity Section of SINTEF (The
Foundation of Scientific and Industrial Research at the
Norwegian Institute of Technology) undertock these projects
in cooperation with two project groups consisting of
representatives of the Norwegian Authorities, offshore

operators and engineering and certifying companies,

"Even 1f these two projects present the ideal safety
management mcdel and risk analysis activities of offshore

development projects, they do to a large extent reflect the
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intentions of the Norwegian Petroleum Directorate”s
guidelines for "Internal Control" and "Concept evaluation”.
The projects also give an excellent overview of the main
structure of a field development project where special
emphasis is put on safety related activities. (The two
project reports are available from Bedriftsrddgivning A/S
and SINTEF in Norway. See appendix 5 and 6).
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PROJECT MODEL FOR SAFETY MANAGEMENT IN OFFSHORE DEVELOPMENT
PROJECTS

(Extracts from the project report with kind permission of
Bedriftsriddgivning A/S.)

FRAMEWORK FOR SAFETY MANAGEMENT

The main result of this project is a framework for safety
management, It shows, roughly and in principle:

- what the safety activities in a project may consist of,
and
- how they may be planned, carried out and followed-up
- through safety management.

The framework clarifies and interconnects important aspects
concerning safety:

- safety objectives and safety requirements and how they
are established

- safety analysis: which, when and on what basis

- safety oriented decisions

- design tasks involving safety

- documents concerning the safety of an installation; both
safety reports and design documents

- safety control by reviewing design and construction of
installations

The Project Model for Safety Management aims at influencing
the practice concerning safety management in Norwegian
field development projects in the future., It is therefore
realistically future oriented, mainly for the following

reasons:

- It is assumed that safety management in the future will

be given considerable emphasis in field development

projects (corresponding to the level of ambition



reflected in the model).

Intentions, principles and concepts in the new Petroleum
Act which is forthcoming, have been taken into the model

as far as practically possible.

Increasing requirements for thorough risk analysis, both
from the Authorities and the oil companies.

The competence to carry out such analysis is now being
built up in the petroleum industry.

The safety management process is now becoming regarded a
total process, starting with goals, and ending with
verification.

Safety is not the responsibility of the project safety
discipline alone, but involves all those who can
influence the design and construction of the
installation.
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ASPECTS OF SAFETY MANAGEMENT IN A PROJECT
Safety management (objectives, plans, analysis, decisions,
documents) and the organization of safety activities in the
project will vary from one phase to the other in the course

of the project.

Project phases

The project may be divided into 6 separate phases (fig. 3):

1. Feasibility study

2. Concept study

3. Pre-engineering

4. Detall engineering

5. Construction

6. Commissioning & Start-up

In the first three of these phases, the premises for a safe
installation are established. The possibility to influence
the final result is considerable in these phases, whilst it
falls rapidly in the later phases.

Analysis

Two main principles should be followed when planning safety
analysis in the project:

- the number of analysis should be limited as far as
" possible
- analysis should be performed where central decisions are
made

This leads to five types of safety analysis:

1. Rough risk analysis
2. Concept safety analysis
3. Hazard analysis

4. Total risk analysis
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5. Risk analysis in construction work

Control entities

By control entities is meant project documents to which
special attention should be paid (especially concerning
safety) and which are the subject of management. In the
project model these documents are marked and specially
described,

In each project phase certain control entities are
particularily important:

- Safety program,
This is a plan for safety activities for the project
phase in question and subsequent phases. The safety
program is an essential document in practical safety
management,

- Risk analysis reports.
Analysis and evaluation reports which form the bases for
decision making.

- Safety report from a given phase.
Summary of the safety analysis and decisions made in
that phase.

- Safety audit report.
Results from the design reviews, including
recommendations.

- Documents sent to the authorities concerning safety
related matters such as the Field Development Plan

(Main Plan at present).

- QOther documents produéed in the given phase of
ignificance to safety:

- Engineering/design documents

- Bid documents
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- Handbooks/manuals
- EtC.

Organizing the safety functions

In this report, we have not proposed an organization
chart for the "ideal" safety organization in a development

project.
What we have done is:
- to define safety functions in a project
~ to establish principles for organizing the safety
activities in the project.
. These are to be regarded as guidelines, not as solutions.
The safety functions are:
- SAFETY MANAGEMENT
- Safety administration
- Safety analysis
- Safety design coordination
- DESIGN OF SAFETY SYSTEMS
- SAFETY AUDITS
- Internal audits

- External audits

The principles of organization should ensure positive
influence on safety, that is:

- safety activities are given the necessary place and
priority
- safety considerations influence all stages of the design

THE SAFETY MANAGEMENT PROCESS

Safety management is a continous process running through
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the whole project. By means of a Safety Program (£fig.3),

a plan for all safety oriented activities in the projects,
we ensure in practice that the safety management process,
will be carried through.

A safety program is a document showing how the individual
elements in safety management should be carried out, when
and by whom. |

The individual elements in the safety management process

consists of:

- Safety objectives.
Establishement of the main safety objectives of the
project (verbally described). Based on the safety
objectives of the operating company the objectives will
be adapted to the project”s own basic premises.

~ Acceptance criteria.
On the basis of the safety objectives specific
acceptance criteria (risk targets, reference norms) will
be established. These will be used for evaluation and
acceptance of risks.

- Risk analysis.
This includes identification, description, calculation/-
estimation and evaluation risk, We here distinguish
between

- risk assessment (risk calculations): that is to
determine risk for a given design by suitable methods

- risk evaluation: to compare the calculated risk with
the acceptance criteria

- Safety requirements. _
The establishment of safety requirements (safety
oriented design basis), based on risk evaluations, or

from guidelines established by the operating company.

- Implementation.
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To make objectives and requirements operatively
available for those who shall fulfil them in design and
construction. Organization and contract formulation are
essential factors to make this posSible.

Realisation of objectives and reguirements.

Objectives and requirements are realised in the process
of project tasks, i.e. they are incorporated in the
selected design and final product. This implies:

- Establishing design specifications

- Establishing complete design solutions

- Documentation of safety and emergency measures in
accordance with requirements, regulations, and
standards.

Design Review,.

Review, and improvement of design with respect to
safety, as well as other aspects, carried out by project
personnel, Continous coordination of safety in'design

will to a large extent satisfy this regquirement.

Safety audits.

Independent review of the design with regard to safety,
carried out by an independent group. Proposals for
improvement, ’

Rules, regulations and standards.
- The Government seeks to regulate the level of safety
through

- definition of responsibility {the principle of
internal contrcl)

- guidelines for concept safety analysis

—- a series of detailed regulations

~ The operating company”s standards and specifications
will also influence the execution of the project
-~ On the engineering side, more or less formal standards

and "good design practice” are established.

oA
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Experience.
Relevant experience and information for the tasks to be

carried out must be aquired and utilized in the project.

The model for safety management which has been developed is
based on:

A safety management process as described, shall take

place through the whole 1ife of the project

A safety program is the principal means of bringing

safety management into the project. This shall state:

Which safety activities are to be carried out

How (basis, method, result)
- When '

By whom (participants, responsibility)
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MAJOR TASKS IN EACH PHASE (FIG. 4)

A brief description of the major tasks within each phase in
the project, is given in the following with special

emphasis on the safety related activities.

Feasibility study

The work in this phase is mainly directed towards the
definition, evaluation an descripiton of a number of
development concepts for an offshore cil/gas field, i.e.
concepts which are tedbnically, econcomically and safetywise
feasible on the basis of the characteristics (geographical
position, the extention of the reservoir”s characteristics
of water depth, seabed conditions, etc) of the field in
gquestion,

On the basis of these descriptions a decision is made on
whether to proceed with a more detailed concept study.

Safety related activities consist here principially of
formulating the primary safety goals and objectives to be
applied in the further development of the project,
establishing a safety program for this phase and for the
rest of the project, and performing a first, rough risk
analysis of alternative field development concepts. This
should comprise a comparison of the various concepts with
respect to the main types of accidents and their possible
consegquences,

The work is mainly performed by the operator”s own project
team, but special consultants may be engaged for special

studies and reports.

Concept study

The work from phase one is here continued with more
detailed studies for selected concepts, to be able to

choose the best concept for development of the entire field

=7
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and for the first platform. The platform should here be
described'in sufficient detail to form the basis for an
"official® cost estimate, and for the invitation to tender
for pre-engineering.

Should the result of the studies be satisfactory, a‘
declaration of commerciality will be prepared for the
partners {the other licensees). Also, an application for
landing permit is submitted to the Ministry of 0il

and Energy, including the licensee”s plan for development
of thé field (Field Development Plan).

Safety activities include primarily specification of safety
requirements for the installation, and performing of
certain safety analysis:

- Rough risks analysis of the installation concept

-~ Preliminary safety analysis of the selected process and
layout

- Total risk analysis of the selected concept according to
the guidelines of the Norwegian Petroleum Directorate

The operator”™s own corganization undertakes most of this

work.

Pre-engineering

In this phase the engineering of the process system and
other main areas and modules of the platform is carried out
to a degree of detail sufficient to invite tenders for
complete detail engineering. This work should result in a
complete design philosophy for the installation, a
description of the scope of work for the detail engineering
and bid documents for relevant engineering contracts, or
alternatively design and construction contracts., In
addition, purchase orders for long lead items and critical
equipment should be awarded.

~o
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In this phase an extend d%d

shall the "Main Plan

to the Norwegian Petroleum Directorate as a basis for

A;ield development plan

e prepéfed. This shall be sent

also
consent for further engineering.

Safety activites continue with:

- Hazard analysis of process and utility systems

- Overall risk analysis of the platform

The greater part of the engineering will now usually be
verformed by an Engineering Contractor. To assist in
procurement and project management, the operator may engage
a Project Services Contractor (PSC), who will also take

part in the project from this phase on.

Detail engineering

Put simply, the main activities are to prepare the
necessary technical and econcmical basis for all contracts
and purchase orders, to award these to qualified suppliers,
and ensure that delivery takes place according to plan.
This phase is usually the longest and most resource
demanding of the.engineering phases.

With regard to safety, the work will to a large extent,
consist of ,alomg sire that previously specified
requirements and premises are taken into account in detail

engineering. The following analysis may be performed:

- An extended detailed hazard analysis of process and
utility systems

- Availability analysis of safety systems
- Updating of the overall risk analysis

- Risk analysis of construction and hook-up work
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The detail engineering is alsoc normally performed by an®
Engineering Contractor (DEC). The operator”s own project
team, possibly assisted by a PSC, performs technical and
progress control of engineering and carries out procurement

and contract administration.

Special parts of fhe platform, e.g. the living gquarters and
the drilling modules, may be awarded as combined
engineering and construction contracts, which means that
the construction company will perform the necessary detail

engineering.

Construction

In this phase, the greater part of the work will be
performed by selected suppliers and construction
contractors. A considerable numer of people will now
participate in the construction and erection of the final
product, according to the engineering basis which has been

developed in the preceeding phases.

The operator”s own project crganization, assisted by
various consultants, will have as their main
responsibility, control of the many fabrication and
construction activities with respect to:

- time/progress
- economy '
- gquality/safety

The basis for project control will be according to
contractual agreements for fabrication and construction

regarding:

- scope of work
~ technical performance of the work
- time and cost limits

- payment conditions etgc

In addition, special guidelines for the operator”s Quality
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Assurance and safety management in the phase will be
prepared in the form of:

-  QA-program and procedures

- safety program and procedures

- requirements for safety education and training

- requirements for protection of the equipment during the
construction period

Project control itself may take place at three levels,
which are briefly described in the following:

- oOverall project control which consists of following up
progress and costs for the whole project to be able to
keep the entire activity within stipulated time and cost
limits, It will normally be performed by the operator”s
own project team.

- Contracts administration is detailed follow up of each
contract or delivery to ensure completion according
to plan. This is also performed by operator”s
representatives, usually in permanent organizations at
major construction sites, and by routine visits to minor
fabricators/suppliers.

- Inspections may vary from simple verification of
quantity, weight and dimensional control to
investigation and certification of welds etc. This may
be performed by the operator”s own project team and/or
an independent third party with special competence in
this field.

Commissioning and Start-up

The purpose of the last of the project phases 1s to ensure
that all parts of the completed installation function as

required and are ready for normal operation.

This is done by activating all equipment and systems singly

or together according to established procedures, test their
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function and if necessary make adjustments or corrections.

For practical reasons it may be convenient to perform some
of these tests while the installation is still near a land
based site, The final commissioning and start-up will of
course be performed after the installation is towed out and
placed in its correct position in the field. The operator”s
acceptance and takeover of the installation takes place
when the above is completed with a satisfactbry result,

As a part of the total safety work of the project, an
evaluation of the commissioning work itself is performed
early in this phase with the aim of revealing possible
risk factors for personnel and equipment, and taking the

necessary precautions.

Potential influence on safety in the various phases

From the above it is clear that the design of the platform
will develop gradually, assuming increasingly fixed forms
as the work with studies and engineering proceeds. It is
thereby clear that the possibility of building safety into
the product is greatest in the early stages of the project,
especially in feasibility- and concept study phases. Here,
the freedom of choice of technical solutions is great
regarding the type and position of equipment, fire and
explosion barriers} safety systems etc.

Several decisions and choices with safety related
consequences are as stated above made in the early project
phases. The major premises for later design and safety
analysis and evaluations are thereby to a large extent
frozen. It is therefore important, in the early phases, to
have access to tools and aids which enable as good an
assessment as possible to be made of the safety realated
consequences of the decisions to be made, thus avoiding
major design changes at a later stage and resulting delay
and possible cost escalation.

62
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RISK ANALYSIS IN OFFSHORE DEVELOPMENT PROJECTS

(Extracts from the project report with kind permission of
SINTEF)

The use of Risk Analysis to support Safety Management
should be consistent and continous. The consistency that
should achieved, is the iterative process

illustrated in fig. 5.

From the description of the various phases of an cffshore
development project, it can be seen that there are 10
important safety studies to be performed. These studies are
all to be found in the first 4 phases. 10 studies may seem
a large number, but one must notice that one study is often
only a more detailed version of a study performed in the
previous phase., Fig. 6 gives an overview of the various
safety studies, the phase where it should be performed and
the interrelation between the various studies.

A short description of each study is given in the

following:

Phase 1. Feasibility study

1. Risk estimation of various field concepts.
Used as one of the criteria for selecting field
development concept. The study is of a comparative
nature, and mainly based on experience from previous
installations or studies made of similar concepts.

Phase 2. Concept study

2. Risk estimation of various installation concepts.
The study 1s of a similar nature as the previous one.
It should give recommendations regarding selection of
platform type and - combinations, e.g. PDQ, PQ + D,
P+ D+ 0 .... The study is based on more detailed

information than the field concept risk estimation.
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In addition to give recommendations as regards
installation selection, the study should evaluate the
acceptability of the installation relative to Authority
and company internal criteria given.

Preliminary process and layout study.
The study should be performed during the concept design
of each platform, evaluating various designs and

recommending layout modifications.,

Concept safety evaluation.

A study of the "finalized" platform concept, verifying
that the concept will comply with Authority safety
criteria given. A principle of analysis 1is recommended
by the NPD, but methods to use is for the operator to
decide,

Phase 3. Pre-enginering

5.

Hazard analysis of process- and utility systems.

The study shall give input to the design of process-—
and utility systems. Typical type of analysis is the
HasOp (Hazard and Operability analysis). The study is
based on preliminary P&IDs and should be performed

before the design is finalized.

Overail risk analysis.

As a basis for final design of the plattform, a total
safety evaluation should be performed. The analysis
will differ from the concept safety evaluation in
several ways, e©.9g. residual risk is included, the
installation phase is included, the study.is based on
more detailed information and will therefore be more

extensive in nature,

Phase 4. Detail Engineering

7.

Detailed hazard analysis of process- and utility
systems.

This hazard analysis is a more detailed version of the
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previous hazard analysis. It differs from the previous
by being more detailed, and acting more as a safety
audit of nearly finalized Ps&IDs. '

Availability studies of safety systems.

As a basis for deciding whether the specified
reliability features of safety systems have been
achieved, detailed studies of safety systems are

performed.

Updated overall risk analysis.

This updated version of the overall risk analysis will
incorporate all design changes made during late
pre—-engineering and early detail engineering. The
results will, however, not be easily incorporated in
the platform design due to that most of the design is
f£inished. |

Risk analysis of construction work.

The object to be analysed in this study is not the
platform during operation, but during it~”s
construction. The study will focus on accidents during
construction work of the various platform elements,

hook-up, tow-out and offshore construction work.

~r
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Guidelines for the licencees internal control

Guidelines for safety evaluation of platform
conceptual design

Index of a typical QA-manual for petroleum
activities on the Norwegian Continental Shelf
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Index of "Safety Management in Offshore
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These guidelines for the licensees internal
control are issued by the Norwegian Petro-
leum Directorate 15 May 1981. They replace
the previous guidelines for the licensees in-
ternal control issued 7 June 1979,

CONTENT
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3 Application . . ... 4

4 The Scope of the internal control
responsibility ... 4
5 Administration of the internal control . 6
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1. PREFACE

The purpose of these guidelines is to clarify one of
the main principles of safety control of petroleum
activities on the Continenta!l Shelf. The guidelines
deal with important aspects of the internal control
task and with the structure of the licensees organi-
zation to handle this task.

The belowmentioned act states that the licensee
shall establish and maintain an internal control sys-
tem which ensures that work is planned. organized
and performed in accordance with the provisions
stipulated in or by virtue of the act.

THE FOLLOWING REFERENCE IS GIVEN

TO LAWS AND REGULATIONS:

— Act relating to worker protection and working
environment § 14 part 1, (ref § 4 in Royal De-
cree | June 1979 relating to reguiations for wor-
ker protection and working environment in
connection with exploration for and exploita-
tion of submarine petroleum resources).

— Regulations relating to safe practice for the pro-
duction etc. the Royal Decree of 9 July 1976 §
4.

— Regulations relating to safe practice etc in Exp-
loration and drilling for submarine Petroleum
Resources. the Roayl Decree of October 3. 1975,
§3 ‘

The internal control dury determines among other

things that the licensee establishes a control. and

documentation system which shall ensure that the
requirements are met.

The authorities supervision does not reduce this re-

sponsibility.

Practical interpretation to the text in these guideli-
nes are given in italics.

2. DEFINITIONS

For the purpose of these guidelines, the following’
means: :

Operations:

Start-up. commencement of production drilling.
production or exploitation, including the trans-
portation of petroleum on such installations where
these guidelines are applicable. and also repair and
maintenance of such installations.

Internal control:

All systematic actions that are necessary to ensure
that the activity is planned. organized. executed and
maintained according to requirements in and pur-
suent to laws and regulations.

It is imporianr to notice thar this definition in-
cludes the quality rerm. (Conformance with speci-
fled requiremeni). This means thar the internal
control normally will be taken care of by a total
qualiny assurance system that shall ensure con-
Jormance with the company’s own requirements.
The requiremenis from the authoroties to the
scope of an internal control svstem migh: thus be
sregarded as minimum requirements to a toal
qualin assurance system in the company.

Safetsy includes here:
— Securing of human life and health
— Protection of environment
— Securing of material values

Quality:
A product or a service’s ability wo fulfil specified re-
quirements.

Quality control:

That part of the quality assurance which through
measurements. tests or inspection ascertain if the
product or service is in accordance with established
quality requirements.

Quality assurance:
All systematic actions that are necessary to ensure
that quality is planned, obtained and maintained.

Licensee:

A company. foundation or group that holds a pe-
troleumn exploration and production licence. A -
censee is also any company. foundation or group
that holds a permit from the Ministry to locate and
operate installations associated with the production
and/or exploitation of petroleum pursuant to the
legislation in force at any time.

Verification:
Confirmation that an activity, a product or a ser-
vice is in accordance with specified requirement.

System audit:

Planned and systermatic review of the company's
internal control systems to ensure that these are fol-
lowed and maintained as specified.

3. APPLICATION

These guidelines apply to the planning. design.
building. installation and operation of production
installations. pipeline systems and shipment instal-
lations- that are located in a fixed position on or
above the seabed or its substrata. in inner coastai
Norwegian waters. Norwegian territorial waiers.
and the part of the Continental Shelf which is sub-
ject to Norwegian sovereignty.

These guidelines also apply in areas outside the
Norwegian part of the Continental Shelf if such
application follows from specific agreement with a
foreign state or from international law. The guideli-

nes apply also to the exploration phase of the acti--

vities.

4. THE SCOPE OF THE INTERNAL CON-
TROL RESPONSIBILITY
Internal control includes control and systematic ac-
tions. to ensure that exploration drilling. planning.
design building. installation and operation take
place in a secure way persuant to legisiation in
force.
The internal control activity is expected to be sum-
marized in a general description which gives refe-
rance to mcre detailed descriptions for the different
parts of the organization and different phases of th
activities. ’
If one company is operating more than one field
project, the description is expecied to cover rhe
company in general with referance o separate
descripiions for each projeci.
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The description of the internal control activities
shall be binding for the company internally and the
authorities externally. The document should high-
light the licensees own safety aims.

The document must ensure distribution of possible
new revisions.

The internal control shall cover all parts of the or-
ganization and all phases of an activity.

This shalil inter alia ensure:

— that comptetent persons are used during plan-
ning, construction. building, instaliation and
operation

— that worker protection and heaith personnel
shall be abie to perform their work according to
the intentions of the law

— that all employees and contractor personne! are
given necessary training

— that a total safety evaltuation is performed at fi-
nal concept choice

— that an analysis of the construction is performed

— that systems are established for the administra-
don of documents in all phases of a project

— that purchasing documents. specifications " etc.
contain sufficient quality assurance require-
ments

-~ that contro] of responsibility and communica-
tionlines (interface control) are ensured

— that the suppliers quality assurance is assessed.
accepted. audited and verified

— that it can be documentet {by test reports. certifi-
cates etc) that the supply has an acceptable gqua-
lity

— that satisfactory operating programmes (for ex-
ample programme for drilling. start-up, produc-
tion and programmes for simultaneously activi-
ties. inspection and testing, maintenance etc} are
made and followad

- that temporary equipment may be installed and
Operated in a secure way and persuant to estab-
lished regquirements

— that gquality control during the operation func-
tions effectively

— that corrective actions take place when the qua-
lity control indicates deviation from established
quality requirements

— that specifications for repair are established and
that the specificaions give sufficient support for
— and sufficient requirements to — the execu-
tion

— that mocification for repair the orginally speci-
fied saferv level -

— that procedures are performed in such a way
that the safety is taken care of. even if the pro-
duction installation must be operated in a not
predetermined way

— that the safety of the installation also is ensured
throughout work conflicts and irregular shut
down of production

— that necessary actions take place and involved
authorities are informed if abnormal incidents
or accidents should occure

— that information and documentation are presen-
ted on time for the authorities in accordance
with laws. regulations and guidelines

These examples are not a comprehensive list of
what the licensee’s internal controll shall contain.
but highlights some areas that should be given spe-
cal attention.

It is of importance that the licensee does evaluare
which areas that are covered through normal in-
ternal routines and also areas where special ef-
Jorts are required. It must also be possible to con-
tinously update the internal contro! system.

5. ADMINISTRATION OF THE INTERNAL
CONTROL

The licensees organization shal] be structured in

such a way that it is possible to chserve the provi-

sions stipulated'in or by viture of the iegisiation in

force.

To ensure the intended function of the internal con-
trol. the organization plans shall include and/or
describe the function and the position of personnel
that shall supervise internal control anc their duties
and responsibilities in that connection.

General responsibility and supervision of the in-
ternal control is expected to be delegated t0 a spe-
cial unit in the licensees organization. This unit
must have the necessary organizational freedom to
execute supervision with all relevant control Sys-
tems and to perform system audit.

Necessary organizational freed.m will normaily
mean that this function should be excluded from
operational responsibility and should have the
possibility to report to a higher organizational le-
vel than the ones this unit supervises.

It is emphasized that this responsibiliny nor shall
be in conflic: with the free and independen: posi-
tion that worker protection and heatth perscnnel
shall have according 1o the law The internal con-
trol svstem shall ensure the inregrity of :hese
Sunctions also with respect 1o organizarional free-
dom.

it must. however. be clearly understood that it is
the personnel performing the work that shall en-
sure the execution of their duties in accordance Wit
eXisting requirements.
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The licensee must specify the requirements 10 in- e s

dependency in the verification on’different suble-
vels in the internal control system.

This will depend on the complexity and kind of
the different activities and availability of internal
resources in the licensee’s organization.

The general description of the internal control shall
be presemted 10 the Norwegian Petroleum Directo-
rate. Detailed descriptions shall be submirted ar an
agreed iime.

6. REFERENCE DOCUMENTS

As quality assurance is regarded as a key element
in internal control the following documents could
be used as a general guidance and also guidance
within different areas in a control system.

ANSI Z-1.15.1979 Generic guidelines for quality
systems.

ANSI N18.7.1976 Administrative controls and qu-
ality assurance for the operational phase of nuclear
power plants.

NS 5801. 5802. $803 Requirements for the con-

tractors quality assurance with included reference
documents.

BS-5750. 1979 Quality syvstems Part | Specifica-
tion for design manufacture and installation.
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These guidelines for safety evaluation of piat-
form conceptual design are issued by the Nor-
wagian Petroleum Directorate 1 September
1281. The purpose of the guidelines appears
from section 2.

{Unofficial tranaiation).
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DEFINITIONS

— Platform conceptual design — a general
description of the platform. such as:

— function and operation

— relative location of the various pri-
mary and service facilities

— escape routes, shelter areas and evacu-
ation systems

— primary load-bearing structures

— the most important active and passive
measures to reduce the probability of
occurence and the consequences of ac-
cidents

— Accident — an unwanted incident or
condition which is not assumed to occur
during normal operation, and which can
cause significant damage unless it is taken
into consideration during design.

— Accidental event — ag accident in combi-
nation with other conditions {(e.g.: weath-
er conditions) which may affect the acci-
dental effect.

— Design acxidental event — accidental
event which is the basis for the design
evaluation to satisfy the acceptance crite-
ria outlined in chapter 5.

— Design accidental effect — effect of the
design accidental event expressed in
terms of heat flux. impact force and
energy. acceleration, etc which is the
basis for the safety evaluations.

— Shelter area — area on or outside the
platform where the crew will remain safe
during an accidental event.

-~ Active protection — operational actions
and mechanical equipment which are

rought into operation when an accident
is threatening or after the accident has oc-
cured. in order to limit the probability of
the accident or the effects thereof. Some
examples of this are safety valves. shut
down sysiems. water drenching systems.
working procedures, drills for coping
with accidents. etc.

— Passive protection — protection against

damage. by means of distance, location.
surength and durability of structural ele-
ments.

PURPOSE AND APPLICATION

Purpose

The purpose of this document is to give
guidance for execution of safety evaluations
of installations or groups of installations. as
required by the Norwegian Petroleum Direc-
torate to be included in the Main Plan (see
section 2.2.1).

The document gives guidance with respect
to:

— extent of documentation

— method for performing the analysis

— criteria for acceptable safety.

2.1.3 The intention of the guidelines is to express

2.2
22.1

222

223

2.3
231

232

the Norwegian Petroleum Directorate’s gen-
eral attitude to the problem area and to indi-
cate how the safety aspects can be handled at
an early stage of design.

The guidelines shouid not preclude the use
of alternative methods for the safety evalua-
tons.

Approval procedure

Approval procedures given by the Norwe-

gian Petroleum Directorate are summarized

in «Procedures for official approval of pro-

duction facilities. pipeline systems and ship-

xsnem facilities on the Norwegian Continental
helf».

The approval procedures assumes that the li-
Censee, after receiving the necessary permits
of Field Development from the Department
of Gil and Energy, will present a general de-
velopment plan, (Main Plan) to the Norwe-
gian Petroleum Directorate.

A safety evaluation of the platform concept
should be contained in the general develop-
ment-plan. As soon as possible after recei-
ving approval of the Field Development
Plan, the licensee should ascertain to what
extent the guidelines are applicable.

Application

These guidelines should only be used for
safety evaluations and analysis of the plat-
form as completed in the operation phase.
The operation phase is here defined as the
stage where the Norwegian Petroleum Di-
rectorate have approved the platform for
drilling, production or use of the living quar-
ter. Installations which are normally unman-
ned and with minor pollution potential will
not normally be evaluated according to these
guidelines.

It is assumed that the design. constructioh.
operation and maintenance of the platform
will meet all prevailing regulations.

DOCUMENTATION

As a basis for the safety evaluation the lj-

censee should submit the folowing informa-

tion:

— description of the platform environment

— description of the platform function and
operation

— Llayout drawings showing the arrange-
ment and jocation of the most important
functions. Special attention should be
paid to the jocation of activities and
equipment with significant damage po-
tential, in addition to living quarters.
escape ways. shelter areas and evacuation
systems.

— main load-carrying structural systems



4.1
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412

413

— description of the important measures in-
corporated to reduce the probability of
accidents

— description of measures incorporated to
reduce the consequences of accidents

— description of evacuation systems

— description of safety related new technol-
ogy and innovations planned to be used

— specified accidental events will corre-
sponding design accidental effects on
parts of the platform described later in
these guidelines

— an analysis showing that the concequen-
ces of a design accidental effect comply
with the acceptance criteria outlined in
this document.

SAFETY EVALUATION METHODS

Principles of the evaluation

Safety evaluations of the type described in
this’ document. should be carried out at a su-
perior sysitem level. It is presupposed that the
licensee has chosen a concept  solution
favourable to himself. which satisfies general
safety criteria. The intention is only to verify

at an early stage that the concept chosen by o

the h';ensee will result in an acceptable in-
stailation and that no major changes during
the design and construction phases will be
necessary because of safety requirements.
The aim of the safety evaluation is to estab-
lish acceptable safety in compliance with giv-
en criteria. The intention is not to include
calculation of residual risk (ie probability
and consequences of accidents which still
may occur).

Safety evaluations as outlined in this docu-
ment should verify a sufficiently low proba-
bility of loss of human life, high material
damage and unacceptable environmental
pollution as a conseguense of the accident.
An instzllation. when evaluated in the con-
cept phase, may be deemed adequately safe if
it meets the acceptance criteria given in these
guidelines.

The following types of accidents should be
evaluated where relevant:

— blow-out

— fire

— explosion and similar incidents

— falling objects

— ship and helicopter collisions

— eartquakes

— other possible relevant types of accidents
— extreme weather conditions

— relevant combinations of these accidents

4.14

4.1.6

4.2
4.2.1

The accidents mentioned in section 4.1.3
may follow from primary failures. for ex-
ample: blow-outs, fracture in riser pipes etc.
These primary faiiures do not require indi-
vidual consideration as long as the resulting
effect is accounted for as an accident under
section 4.1.3.

The analysis presupposes that a platform
concept has been decided by the licensee. On
this basis, a set of design accidental events
with corresponding effects should be speci-
fied, based on the content of section 4.2. Any
reduction in accidental effect, or in the prob-
ability thereof, due to active protective mea-
sures, may be considered.

The licensee shall ensure that the platform
will satisfy acceptance criteria given in chap-
ter 5 when exposed to the design accidental
effect. Any passive protective measures
should be considered. Strength calculations
may comply with the Norwegian Petroleum
Directorate’s «Regulations for the structural
design of fixed structures on the Norwegian

Continental Shelf»».»

Design accidental events

For the sections of the platform that are rele-
vant to the acceptance criteria outiined in
chapter S, the licensee should specify a set of
design accidental events. In principle. the de-
sign accidental events shall be the most unfa-
vourable situations relative 1o the acceplance

criteria.

In practial terms. it may be considered neces-
sary to exclude the most improbable acciden-
tal events from the analysis. However. the
total probability of occurence of each type of
excluded situation (see 4.1.3) shouid not by
best available estimate, exceed 10 per year
for any of the main funcuons specified in
5.2. 5.5 and 5.6.

This number is meant to indicate the magni-
tude of aim for, as detailed calculations of
probabilities in many cases will be impos-
sible due to lack of relevant data.

Based on the design accidental events the li-

censee should specify a set of design acciden--

tal effects for sections of the platform rele-
vant to acceptance criteria outlined on chap-
ter 5. Design accidental effects will normally
be expressed in the following terms:

— heat flux and duration

— impact pressure. impulse or energy

— acceleration

When assessing the potential damage. partic-
ular attention should be paid to the reliability
of equipment, any active protection ineasu-
res and monitoring sysiems.
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4.2.5 The Norwegian Petroleum Directorate do

5.3

54

(s
[}

not require a detailed analysis documenta-
tion for specified design accidental events
and effects. An engineering approach based
on evaluation of actual damage potential, ex-
perience. possible historical data. and relfa-
bility data for the systems will normally be
sufficient. However. if the Norwegian Petro-
leum Directorate consider the specified acci-
dental effects to be unreasonable, further
clarification and justification of the values
may be required in the detailed design phase.

ACCEPTANCE CRITERIA

The platform design must be such that a de-
sign accidental event does not impose a
danger to personell outside the immediate vi-
cinity of the accident.

Section 5.1 can be considered satisfied by
complying with the following three criteria:
a) at least one escape way from central posi-
tions which may be subjected 1o an acci-
dent. shall normally be intact for at least
one hour during a design accidental event
shelter areas shall be intact during a cal-
culated accidental event until safe evacua-
tion is possible

depending on the platform type. function
and location. when exposed 10 the design
accidental event. the main support siruc-
ture must maintain its load carrying ca-
pacity for 2 specified time

b

O

If external protection measures le.g. fire
fighting ships etc.) are necessary to satisfv
section 5.2. then these shall be assumed to be
ineffective if not documented otherwise. un-
til 4 hours after the start of the design acci-
dental event.

Any important safety-related control func-
tions are assumed to be located in a shelter
area.

Areas where the accidental event could.con-
tinue for a considerable period of time. (for
example. wellhead area). should be located
to ensure that continuous effective measures
can be carried out during the calculated
event.

In case of a «blow-out» of wellhead(s) the
platform shall be designed so that identifica-
tion of which wellhead(s) are out of control
is possible. This should be possible before as
well as after evacuation of the piatform.
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EKOFISK FIELD WATERFLOOD PROJECT

CONCEPT SAFETY EVALUATION REPORT

EXECUTIVE SUMMARY
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.1 Background
1.2 Interpretation of the NPD "Guidelines for Safety
Evaluation of Platform Conceptual Design”

1. Crganisation of the Safety Evaluation
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OUTLINE SYSTEM DESCRIPTION

2.1 Platform Location
2.2 Platform Concept

2.1 Function

2.2 Operation

.2.3 Regquired Treatment of Injection Water
2.4 Waste Water Treatment

2.5 Utilities

2.3 Platform Layout

2.3.1 Concept

2.3.2 Drawings

2.2.3 General Layout
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2.2.5 Wellhead Areas
2.3.6 Drilling Facilities
2.3.7 Detailed Layout
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Main Load Carrying Structures

.4.1 Introduction
4.2 Design Considerzations
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2.5 Safety Systems

2.5.1 Passive Safety Systems
2.5.2 Active Fire Protection
2.5.3 Emergency shutdown

2.6 Evacuation Systems
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2.7 Safety Related New Technology and Innovations

2.7.1 Sterilization of injection water by ultra-viclet
radiation

7.2 Accommodation heating with waste heat

.7.3 Cast Nodes

7.4 Cast Lifting Lugs

7.5 Stzinless steel inlet ducting and turbine

enclosures

DEFINITION OF ACCIDENTAL EVENTS

Checklist Definition of Accidents
Conceptual Desizn Safety Review
Hazards from Adjacent Platform
Full List of Accidents
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3.4.1 Accident List for Platform 2/4K

3.4.4,1 Process and Utilities Accidents
(Topside Events)

Riser and Pipeline Accidents

Drilling and Wellhead Accidents

Events Directly Affecting the Structure
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.2 List of 2/4B Accidents Potentially Affecting 2/4K

L4.2.1 2/UB Process and Utilities Accidents
Topsides)

2/4B Riser and Pipeline Accidents
2/4B Drilling and Wellhead Accidents
2/48 Structural Accidents
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3.5 Possible outcomes of an Accident

Ignition

Fire and Explosion

Active Protection Systems
Passive Protective System
Flammable Leakage Event Tree
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5.0

6.0
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PLATFORM BEHAVIOUR DURING ACCIDENTAL EVENTS

Consequence Evaluation

Assessment of the Impact

Assessment of Infringement of Consegquence Acceptance
Criteria
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RESIDUAL ACCIDENTAL EVENT FREQUENCIES

1 Introduction
2 Accident Failure Rate Data
.3 Event Trees
4 Summation of Residual Accidental Event Frequencies

DISCUSSION OF FINDINGS

Compliance with NPD Guidelines
Discussion of Residual Frequencies
Details of Individual Accidental Events
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Topside and Blowout Events
Structural Events
Interaction Effects from Platform 2/4B
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6.4 Conclusions and Remedial Measures

APPENDICES

I

II

IIZ

Iv

IGNITED BLCOWOUT STUDY (still in preparation; will be
included in Final Report)

PROCESS ACCIDENTS
TRUCTURAL FAILURES
IMPAIRMENT OF PLATFORM MAIN FUNCTIONS

CONSEQUENCES MODELLING METHODS
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3. Survey of the project results
The main chapters in the final report are:

1.

2.

3.

4.

5.

Introduction.
Showing how the project was carried out and what the
results are.

Main structure of a field development project.
The phases of the project, specifying milestones, parti-
cipants, tasks and documents for each phase are descri-
bed. Special emphasis is put on safety activities and
safety documents.

Safety management in projects.
Survey of safety management. Whatandhow, describing
purpose, content, role in the total project management,
relation to quality assurance, etc.

Safety objectives and safety requirements.
The establishment of safety objectives, acceptance crit-
eria, design requirements and design documents is de-
scribed. The connection between them and the influence
on them of regulations and internal company require-
ments is discussed together with the role of the safety
analyses in this process. '

Safety program.
Description of purpose, content and use of the safety
program in practical safety management. It is a tool in
systematic planning and the evalutation of safety of an
installation.

6. Phase models

10.

These are the main descriptions of the project model,
showing activities, documents, decisions and which par-
ticipants are active in each phase. The safety activities
and control entities are indicated in these descriptions.
The descriptions encompass:

— a survey of all project phases and the relations between

them
— description of each phase

. Safety analyses

A collective survey of 10 important analyses which may
be made in a project.

. Control entities

The documents on which it is important to concentrate
management are here described,

Organization of safety activities
This includes

Using the model
A discussion is presented with proposals as to how the
project mode! for safety management can be used
— in companies
— in projects
— in education
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by

S. G. Stiansen, Chairman

Introduction

The operation of an offshore oil and gas installation inevitably involves

certain risks. Some of the risk in this operation may be generic as existing

in any engineering system and some may be due to its unique nature related

to its complexity and hostile operating environment. Traditional thinking

often regards experience in design, construetion and operation of offshore

systems as the best safeguard against risks. In a restricted sense, this
contention can hardly be disputed as evidenced by the superior safety
record of the oil and gas operations in the Guilf of Mexico. Yet failures do
oceur partly due to omission to aceount in design for certain "unlikely"
events but mostly due to the uncertainties in design variables, methodology

and the interaction of human elements. It should also be noted that failure

of one component or one subsystem does not necessarily end with the loss .

of the component or subsystem. The consequence may propagate and
trigger the failure of others and may ultimately lead to the failure of the
entire system, depending on the individual desien. In general, the greater
degree of complexity of the system requires the consideration of greater
number of critieal paths or scenarios which may cause major failures.
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Aside from the basie variables encountered in design (e.g., structural
design), human factors must also be regarded as part of the system. In one
source of statistics pertaining to offshore structures human errors account
for more than 60% of all failures. It is therefore logical to include human
factors in risk assessment. Human error may be present in the design,
construction, maintenance and operation of the offshore installation. Such
errors can lead to component/system malfunction or damage.

Another factor that underscores the potential usefulness of a system
approach in risk analysis is the variability of offshore installations. Unlike
some other engineered systems such as an automobile system whére the

fundamental subsystems and general configuration among all makes and

years are essentially the same, the variability in offshore structures

dictates that past experience maym be less applicable (applicable with less
reliability). For instance, érxp.éric”a;née -:d’réWn.from the successful design of
risers operating in _100 foot water depth may not be directly transferred to
the design of risers or riser groups for use in a tension leg platform in 1500
feet of water with complete confidence.

From the socio-economic standpoint, the use of risk assessment should also
be viewed favorably. Obviously sueh an endeavor and the resulting
remedial actions such as more sophisticated design, provisionv of
redundancy, more elaborate maintenance and inspection programs, ete.,
translate into greater expenditure in developing and operati.ng an offshore
system. But as a trade-off for lower risks for loss of platform, loss of
production and loss of life, it is believed justifiable if the correlation can

be established.
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For the standard making bodies, whether they are governmental regulatory
agencies or private organizations, their primary concern is the safety and
integ)rity of the offshore installation and the protection of human life and
the environment. If risk assessment can be proven to enhance the chance
of achieving this goal, then it should be included as a part of the general
formulation of the standards, codes or certification requirements. On the
other hand, standards, codes or regulations generally reflect the current
state of practice of the industry. At times, these documents may lead the
way in certain areas, with substantiated reasons, in requiring measures to
gua.rd against undesirable consequences. In this regard, new requirements
must be shown accomplishabie in the light of the present state of
technology. Initiatives to include risk assessment in industry standards or
government regulations should be evaluated against such criteria as: is it
needed, is it beneficial, is it accomplishable.

This workshop is intended as a forum in which these basic issues may be
given a critical review. Should risk analysis be considered as an integral
part of the design, building and operating process? Where does it fit in the
overall secope of standards, codes and regulations? Does the standard
technology for implementation exist or is it emerging? What efforts in
terms of research and data acquisition are necessary to enhance the chance
of its success? In an attempt to provide some background for discussion
the current status of these fundamental issues will be briefly reviewed in

this paper.
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2.1

State of Practice in Risk Assessment

Standards and Codes

Formal, explicit requirements, in a standard or code, of risk or reliability
assessment concerning offshore oil and gas installations have come into
being only quite recently. A clear-cut example is the "Guidelinevfor Safety
Evaluation of Platform Conceptual Design" issued by the Norwegian
Petroleum Directorate (NPD) in 1981 which supplements other regulatory
documents. Several characteristics of the NPD document are worth noting
for the purpose of demonstrating the current state of practice.

Safety evaluations are to be performed at the installation's

coneceptual design stage.

Accidents to be evaluated include "..blow;out, fire, explosion

and similar incidents, falling objeets, ship and helicopter

collisions, earthquakes, other possible relevant types of

accidents, extreme weather conditions, and relevant

combination of these aceidents.”

No specific methods of approach have been specified except

that the risk assessment "..should be ecarried out at a superior

system level”, and that "the intention is not to include

caleulation of residual risk", i.e., only qualitative assessment

would suffice. However, as an order or magnitude guideline,

"..the total probability of occurrence of each type of excluded

situation would not, by best available estimate, exceed 10~ per

year....".
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Some key points in the philosophical aspects of the NPD Guidelines; can
readily be observed. The NPD Guidelines recognize that in the conceg;tual
design stage, the design is not adequately developed to apply detailed
design requirements. It requires that the overall safety of a platform
conceptual design be evaluated with respeet to certairi accidental
conditions whieh could threaten the survival of the platforim. These are
called "design basis acecidents" and are required to be considered at the
earliest phase of design. Moreover, quantitative risk analysis is not
required and the Guideline is basically performance oriented.
The recommended remedial actions generally follow two paths, namely, to
reduce the probability of occurrence of events in the sequence of events
within a scenario which could lead to the occurrence of the most damaging
top event, and to reduce the consequences of failure along the failure
chain. Again the term "probability" is believed to be used in a notional
sense. While some form of numerical characterization may be necessary, a
kind of ranking (e.g., on a scale of 1 to 5) may suffice rather than pursuing
to establish the mathematical probability literally.
Referring to the items of hazard analysis mentioned in the second item in
the foregoing, one may find resemblance among other standards or codes.
For example, in the "Requirements for Verifying the Structural Integrity of
OCS Platforms" issued by the WMineral Management Service (MMS),
formerly the U.S. Geological Survey in 1979, similar requirements are
stated:

"Consideration shall be given to accidental loading, and

where such loadings are incorporated in design, they shall
be quantified.”
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The Requirements then proceed to exemplify some of the aceidents which
bear striking resemblance to the partial list given in the foregoing, with

the exception of earthquakes and extreme weather conditions which are

not regarded as accidents and are covered elsewhere in the MMS

Requirements.

While the intention of the MMS Requirements is to recognize the potential ‘

danger of such accidental events, the key words "risk analysis" are not used
throughout the document. It requires, instead of prevention (or reduction

of probability of occurrence) of the accidental events, that the platform

should be able to survive such events (i.e., minimization of consequences).

It probably also implies that the accidents ean be treated as independent
events. Neither does it require the consideration of the chain of events
that may follow.

In the U.S. Coast Guard's regulations covering mobile drilling units, and, to
some extent, compiiant structures, certain requirements aiming at
reduction of risks also exist. For example, requirements regarding hazard
warning systems, struetural arrangement and equipment to provide
adequate escape means, etc., can all be grouped under the guiding prineciple
of reduction of probability of hazard oceurrence and consequences.
Classification rules in this regard generally are compatible with the MMS
and the USCG requirements, where épplicable.

The American Petroleum Institute’s "Reecommended Practice for Pianning,
Designing and Constructing Fixed Offshore Platforms", RP2A,
recommended that a risk analysis be performed to determine design

environmental conditions for platform sites for which environmental
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conditions have not been codified. This risk analysis is to include: "...the
estimated cost of the platform designed to environmental conditions for
several average expected recurrence intervals; the probability of platform
damage or loss when subjected to environmental conditions with various
recurrence intervals; the financial loss due to platform damage or loss
including lost production, ecleanup, replacing platform and redrilling of
wells, ete. As a guide, analyses have indicated that the optimum average
expected recurrence interval is several times the planned life of the
platform.”

A complete title listing of relevant regulations and the governmental
agencies accorded the mandate to regulate the U.S. offshore oil and gas
installations has been compiled in a pamphlet entitled "Safety and Offshore
Oil" by the Committee on Assessment of Safety of OCS Activities, Marine
Board, Assembly of Engineering, National Research Council in 1981.

Risk Assessment

Of the several typical codes and standards regarding treatment of risks
cited in the preceding, it appears that the NPD Guideline is the most
stringent in both broadness and depth. In the aspects of ecompliance, the
state of practice can be highlighted by the following sequence of analyses.
It should be understood that these analyses are by no means typieal and
they are pfesented to exemplify what can be done in light of the present
state of technology under the overriding principle of reduction of risks and
consequences, or at least to achieve compliance with various codes,

standards and rules.
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2.2.1

2.2.2

Analysis of Design Basis Accidents

specific event.

The primary objective of this step is to identify the possible

undesirable consequences of the chain of events that may follow a

pursued.

* Event Selection. This step identifies the consequences

of a hazardous event. For example, in case of fire,
explosion and surface blowout, the possible
consequences are the triggering of secondary fire or
explosion under the most unfavorable wind conditions,
elimination of escape routes and equipment, reduction
of escape time, destruction of valves, pipelines that
handle hydrocarbons, ete.

Event Design Loads. Determination of maximum
accidental loads after the oceurrence of identified
events which may jeopardize the survival of the
platform structure.

Design Evaluation. Evaluation of the design concepts
and recommendations of necessary revisions in design

to enhance the survivability.

Failure Mode and Effect Analyses (FMEA)

The FMEA is intended to identify and examine all possible
features of the failure modes and their effects on the major
subsystems of an offshore installation. The basic features
generally ineclude

| * a list of the system components,

* a list of the funetions of the components,

-8-

The following series of analyses are generally

106



+ execution of a functional block diagram identifying
the components and their functional interdependencies
can be considered as a desirable preliminary stage of
FMEA,
modes of faiiure which are considered for each
component,

+ probable causes of each failure,

effects of each failure.

A rigorous probabilistic treatment of these items may not be
within the present state of practice. However, engineering
judgment may be exercised, leading to an "impact index" based on
the frequeney of the failure modes and their severity. The impact
index so evaluated can be used to identify the most severe failure
mode or modes. Note that severity in this context is measured by
the consequences of the failure, including its cost both tangible
and intangible, and by the acceptability of the failure event to the
parties concerned.

In such an assessment, the greatest impact index would
correspond to a failure mode with the highest frequency and the
highest severity, which in a reasonably well designed system, is
improbable. The typical failure modes of concern are high
severity, low frequency events. Low frequeney, low severity
failures are possibly inconsequential, while low severity, high
frequency events are a nuisance and should ideally be

designed-out.
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2.2.3

Fault Tree Analysis (FTA)

The FTA is intended to integrate the elements that stand alone in
FMEAs. However, the FTA need not be considered in relation to
FMEA, since it can be conducted independently. It is also a
convenient way to incorporate human error. The fault tree
connects, by means of AND gates and OR gates, events which
contribute to the undesirable event of interest. It is constructed
deductively, beginning with a single speecific undesirable event,
and then systematically identifying all known events which could
cause or contribute to the oceurrence of the undesirable event. If
the probabilities of occeurrence of the basic events are known,
they can be used to estimate the probability of occurrence of the
top undesirable event. Even if they are not known, the FTA still
can be helpful to the analyst in identifying the critical paths in
the system. Interactive software packages whiech help in
'c_:onstructing the fault tree and which carry out the subsequent
probabilistiec analysis are commercially available. |

Problem Areas

The discussion on available methods of analysis is by no means complete.
It simply demonstrates that within the state of technology, means of
analysis to satisfy the risk assessment requirements currently specified in
codes and standards are available.

Having recognized this, it should be noted that, even within the scope of
qualitative assessment, the situation is far from ideal and many problem

areas exist. It would be pointless to argue the merits and shorteomings of

-10-~
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3.1

3.2

the methods of analysis without an exhaustive compilation and thorough
evaluation of available methods. It is not the intention of this paper to
provide the final analysis in the identification of problem areas which
remain the charge of the other work groups. However, for illustration
purposes, a critigue of a hypothetical risk analysis employing the methods
and criteria mentioned in the foregoing are presented here.

Interaction of Design and Risk Analysis

One major difficulty the analyst may expect to encounter stems from
humanistie sources rather than from the method émployed. The separation
of conceptual design and reliability analyses, as recommended by the NPD
Guidelines, may create a problem of communication between the designer
and the reliability analyst . in that neither one possesses in-depth
understanding of the other's domain. A possible improvement, perhaps, is
to pursue the system reliability analyses during the next (detail design)
phase. This may enable the design team to ensure that the failure of a
particular component to fulfill its intended funetion has been considered
and the associated risk is acceptable. The system approach pursued in this
manner helps the designer to be aware of the existence of novel failure
modes and critical paths of events which may otherwise be ignored.

Quantification of Variables and Their Roles in Impact Rating

The second difficulty relates to the simplieity in quantification in the
FMEA. By necessity, due to lack of more precise data, the complex issues
like failure, hazard, downtime, and defect have been merged into a single
yardstick called "impact". By obscuring the source of contributing factors,

this oversimplified measure may not be very useful in providing guidance in

-11-
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3.3

3.3.1

prioritizing the various remedial actions. However, the basic idea of using
a small number of parameters is sound. Since the term "impact" has been
only coneeptual heretofore and its definition has been avoided for the sake
of generality, improvement within this approach is possible by the proper
usage of the impact parameter. For example, if cost-effectiveness in
design revision was the one issue that needs guidance from this parameter,
a syétem of cost rating in FMEA similar to the probability and effect
rgnkings can be expressed in terms of prevention cost as a resuit. -

Quantitative Analysis

Problems in the area of quantitative risk analysis are much more

deep-rooted and complex. Nevertheless, they can be grossly categorized

into two major obstacles, namely, the questions of data base and -

probabilistic modelling.

Data Base

In order to address the issues of data base, the question of
quantifiability of data should be placed in focus. There are data
which result from scientific measurements usually referred to as
"hard" data. For example, yield strength of a steel or the life of
an eleetric relay can be statistically quantified so that the main
question in this regard would be the population of the pool used in
the statistical analysis. Data of this sort are generally
non-controversial. Others may be quantifiable but, due to a
variety of reasons such as the relative young age of the product
which precludes the existence of a sufficient data pool,
engineering judgments are needed to supplement or even to

¥,

replace data. In such a case, it is generally agreed that the
uncertainty of data poses a greater problem than the bias.A

~-12-
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3.3.2

Devices such as the Delphi method or its variations designed to
cope with experts' disagreement are widely used but have yet to
approach resolution of the issue. Finally, items such as human
behavior (e.g., negligence related to forgetfulness), human value
and human life are extremely difficult to quantify and the data, if
any, may stand indefensible. Even in the secondary objective of a
quantitative analysis to provide a relative reliability ranking of
failure paths, given the range of inaccuracy which exists in the
data, the conelusion arrived at is also subject to doubt.
In a report "Risk and Decision Making: Perspective and Research"
prepared in 1982 by the Committee of Risk and Decision Making,
National Research Council, the dilemma of lack of data or lack of
confidence in the data available was put in focus:
"In the debate on how far to quantify, as in most
long-standing debates, there are errors of two kinds in the
balancing equation: a false sense of preeision with
numbers may give the impression that more is known than
is really known; and a false sense of impression without
numbers may give the impression that less is known than
is really known." ™..If you do not use probabilities, then
what do you do and how will it respond to policy needs?"
While a clear-cut solution to this dilemma is not available at the
present, continued research appears to hold the key to the

prospect of meaningful use of quantitive risk analysis.

Statistical Modelling

Regarding probabilistic modelling, potential problems are again
numerous. Data, whether they are hard data or engineering
judgment, are often not expressed in terms of probabilities of
failure. For example, the term "mean time to failure" is quite

popular. Translation between whatever measure being used in raw

-13-
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data to a probability requires a proper postulation of the
probability - density function (pdf). This must be made with
extreme cauticn since the tail end of the pdf is generally most
significant and potential inaccuracy is enormous in dealing with
extremely small numbers through ~extrapolation techniques.
Similar care must also be exereised in the probabilistie modelling
bf a system or subsystem. For example, the tendon string of a
tension leg platform appears to be a system of individual
segments connected in series (where the fatigue behavior of
interconnection joints may be critical). The collection of such
strings that form a tendon group at a corner of the platform rﬁay
be régarded as a system in parallel. The probabilistiec modelling
of the two cases evidently requires different treatment.
Theoretical development of this kind has not reached a stage of
gaining universal aceeptance at this time.

Another issue in statistical modelling is the problem of start-up
failures or aging. Not accounting for these would imply that the
percentage of systems in operation at a given time which would
fail in the next interval of time is independent of time. In other
words, as long as a system has not failed, it is as good as new, an
obviously non-conservative assumption. Certain items such as
reduction in strength due to corrosion wastage can‘ probably be
quantified albeit crudely. It is not certain how others such as the
remaining effectiveness of a warning system or the fatigue
behavior of a structural system can be properly modelled to

account for aging.

~14-
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The hypothesis of statistical independence of random parameters,
which is so commonly made for the sake of convenience in
analysis, is another potenfial séufée of groéé éx;for. Sfrictly
speaking, as a starting point, the joint pdf of failure for all the
components must be known and subsequent multidimensional
integration would be required, a prohibitive proposition as it now
stands.  Without it, however, how failuré would be properly
represented statistically remains ah outstanding issue.

Data Aequisition and Research Needs

Given fhe numerous problem afeés as discﬁsséd in thé féregoing, aﬁd surely
many others can be added to the list which frustrates design engineers and
risk analysts alike, perhaps one proposition that would meet universal
agreement is the need for more reliable, or simply more data and a better
understanding and broader and better methods vof risk analysis through
further researcﬁ. Evidently the type of data regarding the risks of failure
depends upon the system under consideration and on the method of analysis
employed. Therefore, a systematic synthesis of all possible situations
expected to be encountered in a risk analysis would be necessary prior to
drafting a plan for the actual gathering and analysis of dabta. In other
words, the identification of data needed is in itself a research topic. Even
s0, the scope of such an effort is necessarily limited to addressing data
needs with reference to existing approaches in risk analysis while attempts
to forecast what is needed for some future (and thus non-existing)
approaches would be pointless. Within this limited scope, a compilation of
required data can be' accomplished provided that all existing methods, some

better known than others, can be identified. This is believed to be the

-15-
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responsibility of this work group. In our efforts towards this goal, the
scope should be further limited to addressing the aecquisition of data
responding to codified requirements. The same frame of reference also
applies to assesssing future research needs. |

Concluding Remarks - Opportunities for Implementation and Application

The foregoing discussion ean now be summarized in simple terms. The .

operation of an offshore oil and gas installation involves numerous risks.

Therefore, a systematic assessment of risk leading to the identification of

risks of failure, reduction‘of their probability of cecurrence and alleviation
or lessening of consequences provides an attractive framework for
increasing the safety of offshore installation. Presently, standards and
codes that deal with safety of offshore structures have begun to address
the issues of risk and there are reasons to believe that standards, codes and
certification requirements may play an inereasingly significant role in the
area of risk assessment and analysis.

The state of practice in standards, codes and certification requirements
remains largely at the level of performanece oriented requirements or
recommended practices, the compliance with which may be fulfilled by
qualitative risk assessments. This would require that the treatment of
failure be approached at a system level. In other words, consideration of
accidental events that could lead to failure should be earried on throughout
a logical chain of events rather than being viewed as isolated events in the
design process. On this basis, even a qualitative assessment at the system
level can succeed in identifying eritical paths of damaging sequences of
events at an early stage of design, given the state of technology as it now
stands.  Within the.present state of technology, compliance with the
existing requirements appearing in standards, codes and certification
requirements cast in their present limited scope is possible.

-18-
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However, it is to be realized that qualitative risk assessment does not
produce as much benefit as intended without a defensible quantitative risk
analysis. On the other hand, it is equally evident that quantitative risk
analysis is in a state of infaney, at least within the engineering professions
involved in the design, construction and operation of offshore oil and gas
installatioﬁs. A great deal of effort, both in terms of theoretical
development of the methodology and necessary data base, appear to be
needed before making qualitative risk analysis an integral part of the
design procedure.

On the other hand, a well conceived risk analysis, successfully carried out,
is undoubtedly desirable. Therefore, owners, designers and operators alike
should be encouraged to undertake such investigations on their own
initiative.” Meanwhile, efforts toward building up a reliable, sciehtifically
justifiable data base and research efforts to advance the general
understanding of the subject of risk analysis and to develop better methods
should also be encouraged and supported on a nationwide basis. As it now
stands, the state of technology is believed to be only at the beginning of a

long, evolutionary process.
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INTERNATIONAL WORKSHOP ON THE APPLICATION
OF RISK ANALYSIS TO OFFSHORE OIL AND GAS OPERATIONS
OCTOBER 3 AND 4, 1983

WORKING GROUP II - CONCEPT EVALUATION AND DESIGN
CHAIRMAN: Fred Moses '

OUTLINE
Risk is the potential for the realization of unwanted negative
consequences of an event. A complete risk analysis should contain two
components - a risk determination which includes event identification

and quantitative estimation of probabilities and risk evaluation

which presumes a level of acceptibility and includes value judgements.

Risk determination for complex technologies such as the offshore

industry has three components:
Hazard--Vulnerability--Consequences

A hazard is a natural or man-made phenomena that may induce
unwanted events and may include storms, mudslides, fire, collision,
dropped objects, excessive operating demands, poor fabrication, etc.
The impact of a hazard depends on the vulnerability or whether the
system's capacity is exceeded by the demand of the hazard. If demand
exceeds capacity damage occurs. The consequences depends on the
system exposure in terms of lives, property and environmental losses.
A complete risk analysis should incorporate uncertainties in hazard
(severity and frequency), vulnerability (for both serviceability and
major damages) and consequences (tangible and intangibile.)

It has been difficult within offshore developments to guantify
overall risks because the uncertainties include many disciplines
describing natural phenomena (wind, wave, soil properties, etc.)and
modelling assumptions (theory, verification, accuracy, etc.).
Published applications have focused on utilizing risk analysis to
promote rational trade-offs between alternatives 1in a decision
framework. It is widely accepted that there is no risk-free operation
especially in technically innovative developments. But as one author
ably put it in the title of a paper, "No Risk May be the Greatest Risk
of A11",



1. STATE OF PRACTICE

Considerable probabilistic analysis is done in offshore
operations especially within individual disciplines such as
oceanography, marine soils, weld quality, etc. It can be shown (in
reliability theory) that treating each topic in isolation and
independently assigning conservative values to each variable produces
reliabilities which may vary considerably from project to project. The

inteqration of these specific discipline-oriented studies into a

single risk projection is difficult in offshore engineering hecause of

the many disciplines involved. Some integration has nevertheless been
carried out for specific projects. '

One early example is the work by Stahl and Knapp at Amoco
utilizing reliability analysis to optimize remedial construction
strategies for existing structures when field observations changed the
original design assumptions. (Reliability equals one minus risk and
the use of the term reliability is often favored as opposed to risk in
describing offshore project activities.) These remedial strategy
studies identified potential failure modes and balanced risks and
relative cost trade-offs. .

Studies by Marshall and Bea on "fleets" of similar eight-pile
platform structures he1ped‘ establish their respective environmental
design criteria, This review for Shell Qi1 Company considered a
reliability analysis based on best estimates of the environmental
Toading, strength and capacity data and the incorporation of field
performance with these structures during hurricane storms. These
studies helped stimulate other investigations to combine different
uncertainties into a single decision model for offshore platform risk
studies.,

More recently, offshore risk studies have considered specific
project applications such as jack-up rigs or tension leg platforms and
also other generic applications. The Tlatter include reliability
formulation of design code safety factors such as API studies {Moses),
DnVy (Fjeld), UK (Baker) and fatigue (Wirsching, Stahl). A major
effort has also gone into defining system risks which incorporate
multiple hazards and/or multiple damage modes (See Lloyd, Bea,
Marshall, Moses, Edwards, Ang, Wirsching, Stahl, etc.).
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2. PROBLEM AREAS S ———

A number of limitations in our present risk analysis applications
can be readily noted. ‘

A. Notional Description of Risk Assessments - In most studies

reliability (or risk) is a convenient measure of safety. It has only
a limited accuracy in an actuarial (statistical) sense since only the
relative but not absolute risks between different hazards may be
correct. To permit full utilization of risk as a trade-off criteria
between a variety of different concepts, control or even construction
activities requires more accurate risk assesments. This accuracy
requires considerably more data as well as reliability techniques.

B. System Analysis - Most studies concentrate on well-defind

damage modes usually involving a single event. These studies may not
produce bounds on system risk because of the complex interrela-
tionships of different events. Failure event models are needed for
identifying and defining redundancy and incorporating inspection,
quality control and quality assurance resources in the risk
assesments.

C. Evolution of Reliability Estimates - In most applications

many components have significatant field histories from previous
project observations. This information needs to be quantitatively
integrated into the risk assessment. Reliability should be viewed as
a dynamic phenomenon which changes over the life of the project as new
information is made available on performance, proof-loading, costs and
even consequences.

0. Nontechnical Aspects of Risk - Many if not most reported
failures are due to hazards and events which were not considered in

the design or conception stage. In particular human errors are
frequently responsible for major catastrophies but these are often
difficult to model. One notable development s a recent IABSE
conference on quality assurance which reported statistical data on
human errors in design, inspection and construction. This report also
emphasized creation of the scenarios in which possible hazards are
identified at the project conception stage. It is this phase of risk
analyses which may warrent more future attention.
3. DATA ACQUISITION AND RESEARCH NEEDS

The oprevious section described limitations in current risk
studies and emphasized that reliability must be viewed as a dynamic
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property ever-changing during a project's lifetime. Reliability is
not a single target at which we aim but rather a process by which we
identify areas for investigation and control. Possible reponses
include allocation of material and human resources within the system,
such as redundant inspection, quality assurance and damage mitigation.
Within this scope there are specific research needs for studies on:
A. Damage scenarios and failure-tree illustrations
B. System reliability methodoliogies
C. Incorporation of historical data through Bayesian and fuzzy
set description
D. Development of research priorities for describing modelling
uncertainties in offshore design disciplines

4. OPPORTUNITIES FOR IMPLEMENTATION AND APPLICATION
Tnis topic is clearly the most difficult since risk analysis must
avoid becoming another program such as environmental impact statements
which one accepts in theory but doesn't 1ike when it impedes their own
project. Demonstration projects of risk analysis are needed in which
costs as well as benefits are included and the flexibility rather than
the rigidity of risk analysis is emphasized. Ooportunities for
trade-offs in concepts, design criteria, redundancy, material
selection, design verification, inspection scheduling, etc. must be
made clear, Examples of dimplementation projects should show the
difference between projects with significant historical experiences
and hence updated (Bayesian) parameter estimates and projects with
significant innovation which require more quality assurance.
In summary, demonstration projects illustrating the implementa-
tion of risk analysis should contain the following ingredients:
A. Willing participation of owners, designers, reguiators and
researchers.
B. Realistic applications ranging from the adventuresome to the
mundane.
C. Potential for trade-offs between design, material, inspec-
tion, and insurance costs.
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PREFACE

The organizing committee for the International Workshop on the
Application of Risk Analysis to Offshore 0il and Gas Operations has requested
that each working group chairman submit an initiazl position paper covering the

following topics:

1) State of practice (experience in application)
2) Problem areas
3) Data acquisition and research needs

4) Opportunities for implementation and application.

As chairman of the working group concerned with logistics and support
activities, I have opened with a philosophical statement concerning my
understanding of what activities are to be classed as logisties and support,
and what risks are to be included for consideration. Even following critical
review, the class of activities and risks to be considered covers enumerable
possibilities. This 1s not perhaps of great concern because the breadth of

pessibilities encompassed by current theory is greater still.

The totality of mocdern theoretical approaches to risk analyses such as we
are to address includes several diverse branches. Though these branches find
unity in the fundamental principles of set theory and probability, they often
so quickly diverge in their own peculiar directions that specialists in one
branch may be only vaguely aware of the state-of-the-art in an allied
branch., Because of these provincialisms I may have unintentionally slighted
scme branch of risk analysis or some topic which is dear to some member of our
working group. If I have done so let me hasten to apologize. However, it is
this very purpose of sharing perspectives and broadening our ocutlocks which
motivates workshops such as this. Let us keep in mind that the product of our
working group’'s efforts will be a new position paper which should reflect the

diverse cutlooks we may find.

My own brand of provincialism, as it will be revealed in the following
pages, is to focus on marine risk analysis as a branch of second-order
stationary random processes. Within this context the essentizl element which

transforms an engineering study of response into a risk analysis seems to be
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the proper marriage in the probability domain of information concerning both
climatology and response. To this must be added consideration of the effects
of operators which can alter system operating parameters and the criteria

which delineate the limits of the safe operating domain.

It is intended then that this initial paper serve to focus our attention
and stimulate our thoughts, so that when we come together we can forge a

better product.

Nomenciature

e _ . ) o )
@ = “critical” response variable Ard, = complex valued Irequency

— g @ response function

T = spatial domain . w = radian frequency

A = season Sy = wave spectral density
x.& = general real variables ¢ = spectral breadth parameter
¥ = course m, = ath moment of o-response

Hy = significant wave height process

= shabili sngity :
T = wean period of irregulur sea p{x) = prebability density function
stute P(z) = discrete probability
N P{x < &) = cumnlative probabilit
b = predominant wave direction "? O vepr bility
o Plx.y) = joint probubility
x = relative beading Plzjy) = conditional probability
V = speed plifj) = Markov transition probabili-
A = displacement ties
kg kyy kze = mass radii of gyration
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INTRODUCTIOCH

This group has been charged with the task of considering the current
state of practice and the prospects for future development in the application
of risk analysis to marine logisties and support activities, particularly as
these apply to the offshore oill and gas industry. t seems appropriate to
begin by briefly reviewing our understandings concerning what activities are
included in logistics and support, and similarly to enquire concerning what

concepts are to be included as risks.

The advance announcements concerning this workshop stated that logistics
and support involved the movement of men and materials to and from mcored and
fixed offshore facilities, This is a gcod beginning but perhaps leaves the
domain of ingquiry a little too broad., This definition would include, for
instance, the transport directly to shore of oil or gas via submerged pipe-
line. Similarly it would include the transportation by nelicopter of
personnel between shore and a fixed platform. Consider the delivery of a
large module to a fixed production tower. The final stages of this activity
involve a delicate heavy lift operation., 1Is this logisties or operations (or
both)? '

t appears that there is no sharp division between logistics activities
and operations. Many activities may properly be regarded as both, either in
their entirety or during some specific phase of the process. Likewise the
process of delivering a petroleum product via pipeline or persénnel via
nelicopter may properly be regarded as logistic activities, However, to the
extent that we are gathered to consider risk analysis as applied to the
offshore oil and gas industry, and therefore in z marine environment, it is my
opinion that we should consider such logistic activities only to the extent
that the risks examined are engendered by the marine environment. Under this
criteria one could consider the risks associated with helicopter landings and
takeoffs from a landing pad on a floating (i.e. motion responsive) structure
but would not include risks associated with landings and takeoffs from a fixed
structure. Similarly, the lcads imposed by mooring a large product carrier %o
a marine riser would qualify for consideration but not the risks to this same

pipeline/riser system associated with earthquakes,

iA)
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The principle involved in making these distinetions is that the qualified
system must be both a logistic and/or support activity, and the risk

considered must be a marine risk.

What do we mean by risk? Do we intend to include only those events which
are dramatic, catastrophic and irreversible, such as structural failure and
capsize? Or are the economic risks associated with issues of operability to
be considered? The inability due to heavy weather to perform the heavy 1lift
operation on the fixed platform may result in no failure whatever, but the
economic loss can be very great. Where there are seasonal considerations or
other operational windows these losses can be greatly magnified. For example
the logistic activity of wet towing a large caisson to the Aretic must be
planned sc as to arrive during the brief summer ice window during which the
Arctic pack ice is withdrawn from the bheach. The penalty associated with
either too late an arrival, or the ice not withdrawing can be nearly a full

vear delay in a project.
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CURRENT STATE OF PRACTICE

The modern application of risk analysis may be broadly classified into

the divisions of actuarial risk analysis and engineering risk analysis. Both
approaches to risk analysis apply the same fundamentals of set theory and
probability. Actuarial methods rely on statistical analysis of historical
record to develop estimates of risk. Application of actuarial methods dces
not normally require appeal to causal mechanisms or application of physical
law. Engineering risk analysis normally appeals to causal mechanisms and
applies physical law. The causal mechanisms and physical laws used in
engineering risk analysis connect appropriate distributions of causal
phenomenae with suitable distributions of final effects. The distributions of
causal phenomenae are frequently established through application of actuarial

methods.,

Actuarial risk analysis methods are particularly appropriate for the
study of processes that are intrinsically random and subject to no known
causal mechanism. Processes such as human error are examples of such random
events. Once rates have been established for such random events, engineering
methods may be applied to extend these root causal events to secondary and

further removed effects.

Both actuarial and engineering risk analysis methods are capable of
generating useful answers to specialized questions, however, it is in the

marriage of these two techniques that we forge our most powerful tcol.

The major functional elements of an operating marine system are
illustrated in figure (1). It is the task of those engaged in marine risk
analysis to model this interacting system and produce appropriate estimates of
the risks (both catastrophic and operational) which are associated with the
system., Problems which may be addressed range from the quite specific (e.g. a
particular supply vessel in a particular bperating environment) to quite
general (e.g. the class of all supply vessels in any operating environment).
In its most complete form an analytical model will utilize probabilistic

representations for all four major elements depicted in figure 1.
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The Determination of Risk

Modern probabilistic theory assesses risk based on the intersection of
two probability density distributions, one for demand, pD(G) and one for

capability, pc(G) , (see figure 2). f:
¢) - rC
P {(0) = gy = J
Po® = [Tp(2)dE and P_(0) = [%p_(E)aE
are the cumulative distribution functions for demand and capability
respectively, then the probability that the demand exceeds the capability is

the risk, which may be evaluated as:

. f°°,
Risk = ) pD\G) PC(O)dO

11

1 ‘{ P, (9)p _(0)d0

Reliability = 1 - Risk

The task of determining risk therefore becomes that of evaluating the
relevant demand and capability functions. That task will be further reviewed

in the following sections.

Before passing on to more detailed considerations, it should be observed
that there is nc difficulty in extending this concept of risk to encompass

demand and capability functions defined in terms of joint variables:

Risk=
h*sk_gm {w... £®PD<GT’02s--’On>PC<G;’G

2,.°,Un)001du2..d0n
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PROBABILITY DENSITY < DEMAND AMND CAPARILITY )

CAPABILITY

T‘ DEMAND

\

THE DETERMINATION OF RISK FROM THE INTERSECTION

OF DEMAND AND CAPABILITY DISTRIBUTIONS

FIGURE 2
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DEMAND DISTRIBUTIONS

The task we have set iz to determine p{o) (that is, the probability
distributicn of g) for the g-response process of a vessel engaged in a voyage
traversing spatial domains ’I‘i during the seasons Aj‘ Here o refers to any
generalized response process that has been identified as a matter of
concern. Examples of g-processes would bhe roll angle, local acceleration, the
moticon induced stress in a cargo tiedown member, or crane boom tip motion,
The 1list of possible g-processes is virtually limitless and obviously depends
cn the vessel and mission under examination. As a class, all of the o-
processes may be referred to as the "eritical processes" - those on which the
success or failure of the mission is assumed to depend. In general, any real
mission will depend on a multitude of critical processes. The exposition in
this paper, however, develops the determination of p(0) in terms of a single
critical process. The procedures for determining the demand functions for a
number of critical processes consists of repeated applicaticn of the
procedures appropriate to a single crifical process together with
consideration of any appropriate effects of joint processes (for example, the

Joint process formed of roll angle and rcll momentum).

As wWe approach the task of determining the probability distribution of
the g-process , it can be observed that the problem divides into four major
subparts: route, climatology, seamanship and response. Each of these areas
is discussed separately and then the task of properly combining their effects

to obtain the demand distribution is developed.

Most of the variables studied hersin are defined over the positive real-
number line (for example, significant wave height) and are therefore properly
asscciated with probability density, p{x) and the cumulative
probability, P(x<a) distributions. Common practice, dictated primarily by
numerical processing considerations, frequently transformé these continuous

variables into indexical point processes with associated point prcbabilities
P(x,) = Px € €.+ DN-Flx £ E,)
(x,) (x € £+ D-Plx < E,

where: £.+ 1 > &, is a mesh imposed on the real number line.
- B



Where the variable under consideration is continucusly defined on the
real numbers, it is presented as contincus or discrete, whichever is most
appropriate within the context of the presentation. Integration is the
preferred form of presentaticn with the understanding that upon proper
treatment the integrals can be replaced by summations in a numerical analysis

procedure.

Route

The route is perhaps the simplest of the topics to be considered. The
problem of the mission route determinaticn involves three
variables,location Ti; season Aj; and of course Wk. Ihe location can be
thought to consist of a sequence of contigucus regicns lying along the
intended course. Each region might, for instance, consist of the one degree
square centered over a2 segment of the intended course. The season is the time
of year either by month (j = 1,2,...,12) or week (j = 1,2,...,,52). And the
course is the course heading in degrees (true). It will frequently prove
advantageous to divide the courses into the compass secters in which they
fall. If, for example, #45-degree sectors are utilized, then k =
1,2,3440+4...8 and k = 7 would apply to any course falling between 247-1/2 and

292-1/2 degrees,

The problem of determining the route is to determine the joint
robability distribution P(T,A,Y¥). Using a relative frequency interpretation
]
for probability, it is generally fairly straightforward to determine P(T,A),
the joint probability of route segment and season. It 1s also usually not
difficult to determine the conditional prebability distribution for course
heading given the locaticn and season, P(¥ T,A). Given these two

distributions, the desired joint distribution may be obtained as a product
P(T,A,¥) = PCY{T,A)P(T,A)

Use will be made in following subsections of both P(T,A) and P(T|A,¥).
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Seamanship

A modifying influence on the probabilities to be developed for the
critical processes are the seémanship actions of the vessel's officers. The
first logical division of these actions is into those actions taken before
severe conditions are encountered, and those taken once severe conditions are
encountered. The principal form of pricr action is avoidance of severe

weather,

Avoidance is a prominent factor influencing the risks experienced by many
small vessels, particularly those in coastal day boat or sortie-type
activities, which enjoy the luxury of some choice or discretion in selecting
their periods of sea duty.  For those vessels which do not enjoy this luxury
there is still the possibility of maneuvering around majér storms, thereby
reducing the severity of the conditions encountered. Nearly all vessels
modify their risk exposure in this fashion to some degree. The basic
variables affecting the degree of success in this avoidance activity are the
skill of the officers and the quality of weather information available to
them.

The avoidance type of seamanship modification to demand can be
represented as a Markov mapping P(ilj), from the probability of encountering
each sea state in the absence of seamanship to the probability of encounter

with seamanship., An example %transition matrix [P(ilj)] is:

i 3= 1 2 3 4 5
1 1.0 0 0 0 0
2 0 1.0 0.2 0 (0]
3 0 o 0.8 0.5 0.1
4 e 0 0 0.5 0.6
5 0 0 C o 0.3
1.0 1.0 1.0 1.0 1.0

This transition matrix states that, on 60 percent of the occasions that a
Sea state 5 would be encountered in the absence of seamanship, the master

takes avoidance actions that result in the vessel encountering only sea state
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4, and in 10 percent of those occasions where a sea state 5 would be
encountered, the
On 30 percent of
encoﬁntered, the
not effective in
Tifty percent of
result in encounter with only a sea state 3.
master does not alter his actions in response to anticipated weather,
occasions does the master, represented by this matrix, take actions which

backfire and result in encounter with a higher sea state,

master's actions result in exposure to cnly a sea state 3,

the occasions where a ses state 5 would normally be
master either takes no avoidance
reducing the vessel's exposure.

the time the master is effective

action or his actions are

In the case of sea state U,

in taking actions that

sea states 2 and below the

On no

If the natural probability of encountering sea states 2 through 5 are

0.40, 0.30, 0.20, 0.08 and 0.02 respectively, then under the command of this

master the probability of encountering these sea states is given by

where

PCT)
P(2)
P(3)

P(H)
P(5)

The seamanship actions taken once severe sea conditions have been

encountered consist principally of changes in speed or heading or both.

]

1}

1.0
1.0
0.3

0-5
002

PT(i) =
j=1

0.40
0.30
0.20

0.08
0.02

(9]

Fad

P(i]3)P(3)

0.20
0.08
0.02
0.02

=0.202
=0.052
1.000

These

¢an be represented as conditional probabilities of speed and relative heading

given the sea state and unaltered relative heading P(V,XIHS,Tm,XO}.
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Climatology

Conceptually a sea surface climatology may be expressed as
P(S (w,e),§,T); the joint probability of the directional variance spectrum

£g

Scc(w,e) at spatial location X and temporal instance T. Let us immediately
replace % with an indexical spatial domain T and T with an indexical season

A, to obtain the more benign form, P(S r(w,e),T,A). The concept implied is,
I believe, readily apparent but any atggmpt to provide a practical inter-
pretation (suitable for application to real problems) will quickly become

enmeshed in an intractable morass created by the infinite degrees of freedom.

The conventional solution to this dilemma is to apply a parameterization
to S__{w,8) and proceed in terms of a countable set of parameters. Tha usual
implggentation of this strategy is to represent S (wsy8) Dby analytical
Spectral forms (e.g. Pierson-Moskowitz, ISSC, JONSWOP, etc.) employing a few
parameters (usually from one to six parameters)., The mest common
parameterization is the reduce S_ (4,6) %o a one-parameter form based on
significant wave height, Hs. Thig is quickly followed in popularity by two-
parameter forms based on the Hy and T, (some characteristic period). if
directionality is considered, it is usually introduced as a static énalytical
form and not treated as subject to variation. These parameterizations lead to

climatologies such as P(HS,T,A) and P(HS,TN,Q,T,A).

These last climatological forms are the limits of what can be
accomplished based on analysis of synoptic compendia of observations. Such
compendia still represent our most complete a priori data bases for such
problems. This situation is changing with the develcpment of the Navy's 20
year hindcast climatology, and with the sattelite and buoy observational

programs.,



Responsze

For a particular vessel and in a given load condition [A » LCG
(longitudinal center of gravity), VCG (vertical center of gravity), k vk ]
£ (=] XK A

-
and operational status (¥, X), the complex valued frequency response function

AX (w,V,%), at a suitable origin (usually "G" or the image of "G" in the
wa%erplane "0"), can be determined using standard ship motion techniques.1
These can in turn be transformed, using the techniques of [1-3], to apply to
the desired g-process (for sxample acceleration induced force, stress) at an

arbitrary location in the vessel frame of reference, Ag(w,v,x) .

Given a directional sea spectrum S__(w,9), the techniques first

zZ
elucidated by St. Denis and Pierson [4] can be utilized to determine the
(n) .
moments, m , of the U-response process,

m (n) = ’gngwAg(pryX) * Kg(‘”nyX)wn S (w,‘}’-)()d(DdX

o] gg

A conventional assumption is that the instantaneous ordinate of the
(zero-mean) U-process is normally distributed, and the maxima are distributed

according to a Rayleigh distribution:

Rayleigh Distribution

—GZ/(Zm(O)

5 g 0<o<e

?
.

Standard ship motions programs generate and solve a set of second order
differential equations for the frequency responsz functions A Mw,V,X). In
order to generate the dynamic equations, a set of partial différential
equations (a Cauchy problem) must be solved over the fluid domain (followed by
application of suitable surface integrals) to obtain the fluid-structure
interaction forces. These forces are represented in the dynamic equations by
frequency dependent coefficients for added mass and damping, and bv a wave
foreing function dependent on frequency, heading and speed.

For non-shiplike bodies there are comparable programs available based on
3-D diffraction methods, or in %the case of tubular structures, based on
Morrison's equation.



Cartwright and Longuet-Higgins defined a spectral bandwidth parameter, g,. as

follows:
2
c - L
- (o) {4
mO mg

Generalizations of the probability distribution have been presented by
Ochi [5] in terms of the zero-order moment and the spectral bandwidth
parameter, It has been concluded that the Rayleigh distribution is a
reasonable approximation except when &+1 , in which cases the distribution
approaches a truncated normal distribution. |

Under the application of the Rayleigh distribution the short-term
response statistics can be determined from the zero-order moment utilizing
familar techniqués [5 ~ 8]. If risk is the focus of attention, then processes
_such as the expected maximum will be of greatest interest. If operability
'.concerns predominate, then average-type processes such as the significant
- response (average of the highest cne-third responses) and the average of the
highest one-tenth responses will most likely be the focus of interest. Where
structural fatigue is a factor, the number of éycles at each response level

will be of greatest interest.

Voyage Risk of QOccurrence (Final Demand Distribution)

We are now at the point where we can combine the component probabilities
using the concepts we have discussed to arrive at the demand distribution for
the O-process. In the preceding sections we have discussed the development of
probability distributions desecribing the route [P(T,A,Y) and P(Y|T,A)], sea-
state climatology {?(HS,Tm[®,T,A)] , and seamanship [P(HS’EHS} for avoidance
and P(V,X]HS,Tm,xO) for heading/speed changes], and functional relatiocnships

4

between the response ¢ , and the set \Hs,Tm,V,x).

The natural relative heading (the relative heading that would be obtained
if no seamanship actions were taken) is Xo =T -« d , Using the eupression to

form a substitution into the seaz-state probability distribution, the sez-state

D

ab
probabilities can be recast in terms of relativ heading as follows:
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PHLT X |T, 0 = f 2m PCYIT, PR, T, (¥=x )| T, 4, )a¥

s’ -

The seamanship influences shall now be incorporated, First we shall consider

Hy).

the avoidance activities, P(Hs‘

- _ ['w g . ™ m
PO ST X [ ToA) = 4 P IHS)P(dS,Lm,xOf;,A)dHS

Hereafter the prime on H shall be dropped and it shall be assumed that the
avecidance bias has been incorporated.

Now the relative heading and " speed change actions taken by the master in

response Lo severa sea conditions shall be incorporated,

- N i 2w N m
PCH,,T WV, X [T, A) = { POV X HG T s X, VPCHGL T, b | T Ay

Now to every set (H ,Tm,V,X) a set of response spectral moments,
{o) (H (2 ()
m , m , ™ ol ),
) o] o] o]
will be assumed that e is small and the elemental distributions will

can be associated. In the following development it

-~

therefore be treated as possessing simple Rayleigh probability density
functions. However, there is no intrinsic obstacle to following the same
lines of development using a generalized Rayleigh density function such as
given by Ochi [5].

The associated elemental simple Rayleigh density function is:

(o)

2
o] e~0 /2mc

p(a[H_,T_,V,%x,T,A) =
A/ M
T
(o)

where: mc is the associated zero-order moment of the g-response.
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The "local™ joint probability density function is:

D(UvHsiTmonX1TyA) = p(Ulemi9v7X1T’A>*P<HS9Tm’VyX§T’A)§P(TrA)

Now to every set (Hs,Tm,V,X,T,A) there is an associated mean

zero—-crossing period for the g-process: T, =

and therefore an associated number of g-response cycles:

T
. _EXp : . ‘
no= PCH_,T Vx| T,AY*P(T, 1)

where: Tev is the total exposure time of the vessel over
*® the entire T-A domain.

This then leads to a normalization process which should be applied before the
elementary Rayleigh distributions are summed to produce the demand function,

The expected total number of cyecles in an exposure scenario is:

(PCHT LV, [V P(T L A)

<

z
Al T,

tE 1EXD§

-3 b

Z
v

PN
s 'm o XT

Placing each elemental distribution on a consistent rate we can sum the

elemental distributions to obtain the demand distribution.
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(o)
~c2/2m
DL LIzcz ;-————Q——;7 e "0/ M
A T VX T A Tz?/mg(vj PR T Vo T, MP(T, )
plg) = IZzrfz E{(T/Tz)P(HS,Tm,V,XiT,A)P(T,A)}
HT V ox T A

Cbserve that the demand distribution is independent of exposure time.
'However, the total number of exposure cycles, N, indicates the risk level
associated with the minimum first crossing failure value, P = 1/N. The

minimum first crossing failure value is that value of ¢ which satisfies:

[Oo(E)dE = 1/¥
9

If one wishes to introduce a confidence parameter, o < 1.0 then the minimum
first crossing failure value of g satisfies: gGP(;)dg = a/N
where: @ 1is the probability of exceeding the minimum first crossing failure

value (1-g is the confidence that it will not be exceeded).

Another observation to be made is that pl{o) will be fairly unaffected by the
T2 normalization process for narrow band sharply peaked response processes

(e.g. lightly damped roll) and the approximation:

5 -02/2m(°)
Plo) =z 31z z | e o POH,T ,V,x|ThA)*P(T, 1)}
HT V y T A . ()
g
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CRITERIA AND CAPABILITY

With the exception of structural relizbility very little is in fact known
about suitable criteria or capability distributions. For structural issues a
good source for guidance in developing capability distributions is "Ship
Structural Design Concepts” {9]. For logistics and support activities many
other issues may present themselves as potential ecritical processes, To name

a few:

1) Speed made good
a) Slamming
b) Shipping of green water
¢) Added resistance
d) Propulsive performance in a seaway
e) Voluntary speed reduction
2) Transfer at sea
a) Station keeping
b) Relative motions
c¢) Cable forces
3) Habitability and human factors
a) Malaise and seésickness
b) Accelerations
4) Dynamic loads on deck cargo
5) Stability and capsize safety

6} Crane operability

With perhaps a few exceptions these topics have not yet been adequately
researched to permit more than the most elementary guesses at suitazable
criteria or capability distributions. The dynamic loads on deck cargo may be
regarded as a structural problem and therefore we may be more advanced in our
knowledge of that topie. Kai Kure has done some work on the stability and
capsize safety problem [10)., Manley 3t. Denis [11] has presented some

information on the topic of tolerable motion, malaise and safe footing.
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OTHER METHODS

I will zttempt to Jjust mention a few alternate methods currently employed
in the field, There are first of all "Partial Safety Factcr" and "Safety

ndex" methods which have been proposed as alternatives to the full demand-

4

capability approach. Then there is Markov mcdeling and event trees which have

found application to some specialized types of problems.

Where important nonlinearities are present there are, of course, time
domain simulation and Monte-Carlo sampling methods available as alternative

rcutes to the demand distribution.
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PROBLEM AREAS

The topic area of marine risk analysis is subject to a number of
problems, A list of some that have occurred to me are listed below zand will
be briefly elaborated upon in this section, I am sure that you can think of

others,

List of Problem Areas

Criteria and Capability
Seamanship

Variability and Confidence
Nonlinearities

Jeint Probabilities
Resolution and Convergence

Better Environmental Distributions

Many of these problems may be regarded as growth areas where the nexus of
the problem is that the necessary background work has rnot been accomplished.
Presumably when the background data exists there will be nc instrinsic
difficulty in merging the .sclutions to problems such as seamanship into our
existing methods. Other éreas, such as nonlinearities, are not so simply
addressed. Even for weakly nonlinear problems the effort required to obtain a
solution is very great, and extends from the basic hydro-mechanical roots
clear through to the final probabilistiec solutions. . For strongly nonlinear

problems we do not at present have promising solution prospects in sight.

Before departing our general overview of the problem areas for more
specific examination it should be observed that many of the problem areas
cited are intimately inter—connected, each cne with the cther. Thus for
instance suitable definitions for criteria and capabilities may be intertwined

Wwith the issues of joint probabilities and seamanship.

21
144



Criteria and Capability

Current methods for estimating risk are usually based on the intersection
hetween a "demand" distribution and a "capability" distribution. In many
problems of practical interest we are more advanced in our ability to
determine a reasonable demand distribution than we are in our ability to
determine the corresponding capability distribution. This is particularly
true where the issue under examination is one involving operability. .Our
knowledge of what processes a supply boat cperator responds to, and what
threshholds prompt voluntafy operator reaction (such as reduction in speed or
change in heading) are very poorly developed. Or, to consider another
example, what processes and threshholds cause voluntary cessation of
activities by a crane operator engaged in an offshore transfer activity? The
case of structural analysis is amongst the best understood, but even here the
capability function is often given a simplified representation consisting of
Dirac spike with zero variance (e.g. a spilke at the nominal yield or ultimate

strength).

It may well be that proper development of capability functions will, in
many cases, be in terms of joint variables. Some interesting work along these
lines has been initiated for the capsize problem by Kal Kure [3i0]., Motion
induced malaise has also been explored in terms of joint variables [11]. If
capability functions ultimately require expression in terms of Jjoint
variables, then it will also be necessary to develop the corresponding

description of demand over Jjoint variable domains,

Seamanship

This tople must, of necessity, be mentioned under the heading of prcblem
areas because it has been the subject of sco little research, and yet it plays
an important role in logistic and support activities, Two‘types of seamanship
seem worthy of careful study. The first is to determine the proper prob-
abilistic description of the actions of a typical human vessel operator, The
second is to determine the comparable description of the actions of an

"optimal" operator.
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This latter topic, that of the "optimal" operator, requires that a
suitable penalty and reward function be developed to represent the motivation
of the operator. The problem can then be addressed with the application of

concepts obtained from games theory and statistical decision theory.

In the case of both the human and the "optimal"” operator a careful
examination is required of what information (both objective and subjective) is
available to the operator on which to condition his responses. This, together
with the operational criteria the operator seeks to work within, and the

cbjectives he seeks to achieve, describe the seamanship setting.

Variability and Confidence

At an elementary level the goal of risk analysis is to estimate an
expected value, The nature of the expected value sought will depend on the
application, Examples illustrating some of the different types of

expectations are listed below:

1)  The expected extreme value cf a response process (e.g. vertical
acceleration at a specified location).
2) The mean value of a process (e.g the mean wave drift force).
3) The expected operability performance of a system or vessel (e.g. the
mean speed made good, or the operating fraction for a crane barge).
m fﬁé expected risk of failure, or "down-time" fraction for a system or
vassel. |
The first two examples involve estimates of expected physical values, the
second two involve estimates of expected probabilities., An expected value is
a minimum statement concerning the results of a risk analysis. The
completeness with which a risk situation is described is considerably enhanced
if information concerning the varizbility of the distribution and confidence
limits are provided. Current practice frequently omits information concerning

variability and confidence from the final results,

In estimating variability and confidence we must be careful to maintain
an awareness of the many scurces of variability and uncertainty. A striking
example of the systematiec loss of information concerning variability is the
use of syncptic climatological information (e.g sample joint probability of H

and Ty, based on 20 years of observations). This data base retains information
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about the mean distribution of wave height and period but has smoothed out the
year-to-year variability. Such a data base would be a good guide for long-
term performance encompassing many years, but could be misleading concerning
an activity spénning only a very few years. The example synoptic data base
does not permit insight into the possibility of systematic grouping of severe
conditions into some years and mild conditions into others. This failure to
retain information concerning "good years" and ‘bad years" means that results
of risk and operability analyses based on this data are strictly valid only in
the long-term mean and that an important issue of variability has been lost.
Likewise it méans that our confidence that the expected result will fall

within specified limits in a given year 1is reduced.

Improving our general practice concerning variability and confidence
should be treated as a major goal by these participating in marine risk
analysis. Such a goal requires that we be alert to sources of both systematic
variability and uncertainties in our models, Ultimately this objective will
require the utilization of more complete and detailed data bases and

stochastic models. .

Nonlinearity

Nearly all of the problems to be addressed in the marine environment are
instrinsically nonlinear. The Navier-Stckes equations are nonlinear, and even
rigid body motions are nenlinear with regard to rotations (i.e. the Euler
angle problem). We have been most fortunate that so many practical problems
have found useful solutions within the context of first order approximation.
However, in the field of risk analysis we are particularly sensitive to the
effects of even weak non-linearities, as our solutions are generated on the
tails of distributions, and it is these tails which are frequently modified by

the nonlinearities which are present.

In situations of interest to many risk analysis problems the seawsay
itself is clearly nonlinear and inadegquately described by a variance
spectrum. Seaways of moderate steepness manifest sharper crests and flatter
troughs which cannot be derived from a linear variance spectrum. Severe
Seaways z21so exhibit haunched wave prefiles and breaking waves. There are
nonlinear interactions between waves of different wave number and frequency in

the steep seaway. Our model of the velocity field and the associated
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diffraction forces are not well evolved for application to problems in steep

Seaways.

At least for the problem of seaways of moderate steepness there is some
hope that higher order models, such as bi-spectra or full three-dimensional
power spectra with non-Airy disperson relationships, may provide an adequate
statistical model. Work must be done however to relate these statistical
models for wave elevation to corresponding velocity fields and ultimately is

the diffraction forces.

The problem of severe seaways exhibiting strong nonlinearities may not be

solvable by any simple extension %o higher order theory.

Another source of nonlinearities is associated With what may be refered
to as nonlinear geometrical issues. To cite a few chief‘examples we have 1)
the effect of inclined surfaces (flare) at the waterline; 2) the problem of
integrating to the instantaneous intersection of the water surface and the ‘
hull instead of truncating the integral at the stillwater plane; and 3) the
problems associated with changing geomeﬁry when a vessel rolls its deck edge

under the water surface.

These nonlinear issues lead to the threshold of a final class of
nonlinear problems which must be recognized. These are the problems of
parametric excitation and strong nonlinearities in general. The class of
problems addresses manifest unstable solutions and miltiple solution branches
(bifurcation). Uniqueness, on which we implicitly rely in linear analysis, is
no longer guaranteed. These problems are real and may be observed in the
physical marine world but we are far from ready to treat these strongly

nonlinear problems in our risk analyses.

Joint Probabilities

Much of what is intended under this sub-heading has already been raisead
under the sub-heading of Criteria and Capability., It is appropriate however
to underscore the importance of using an adequate variate base to describe
marine /environment systems. A univariate wave climatology, p(HS), is almost
never adequate but it is particularly inadequate for dynamic systems described
by sets of seccnd order differential equations. A wave climatology containing

Joint information concerning wave height and period, p(HS,Tm), will be much
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more effective in defining the risks to be associated with a dynamic system,
This thought can be carried forward by successive steps since the irregular
sea state has infinite degrees of freedom along both the frequehcy and wave
number (vector wave number, = 1%! eie) axis. Since many marine systems are
quite directional as well as tuned, it can be argued that a wave climatology
should reflect all of these degrees of freedom in terms of joint variables.

We have thus been led to a point where our considerations merge into the issue
of resolution and convergence (i.e. how coarse a descretization can we get

away with)?

Climatoligical Descriptions

Considerations of confidence, uncertainty, and computational resolution
lead in themselves to the desire for more and better elimatoligical
information. The dynamic systems we examine require descriptions of the
distributions of wave energy both along the frequency and direction axis.
Ochi has given some six-parameter analytical spectral forms that attempt to
cover the principal frequency domain characteristics of actual spectfa.
Ochi‘s six parameters, Hy » By vy wmz, A1,rahd iZ; ;éculd, following
sufficient study, become the basis of a more complete frequency domain

climatology, p(HST, Hsz, wm1’ wmz, Apr k2>-

This still leaves the directional characteristics inadequately
spécified. A simple two parameter spectrum can be given approximate
directional characteristics using two parameters, eo’ and n, describing
respectively the central heading angle and the power of a cosine power

spreading function of the form:

2n
V(o) = ycos T (g-9 )

o)
1
Pl

< (g=s) < %

0 otherwise

0(8)

where ¥ 1s a constant selected such that ¥(8)

satisfies the unary operator condition fzww(e)de = 1.0
0
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Ochi’s six-parameter spectra could then be extended to directional

spectra by adding four more parameters, eo s n?, eo and n, Wwith the

understanding that there are implicit constants 2

Yy and Y, necessary to satisfy the unary operator condition, Thus a ten-

parameter climatology could conceivably be developed,

p(H 9H s W s W 2 Ags Aar B s O vnyn)-
Sy S, m, m, 1 2 o, o, 1 2
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APPLICATIONS

The theory of marine risk analysis is already a useful tool in addressing
real world problems. Among its most useful functions is serving as an aid to
systematic comparisons of the risks éssociated with alternatives (e.g.
comparing a wet-tow to a dry-tow for jack-up drilling rigs). These methods
are routinely applied to the design of sea fastenings for high value and
unusual cargo items. The design and analysis of internal structural systems,
for instance cryogenic piping in a plant module which must be delivered by

barge, are also suitable topics to which these methods have been applied.

A major area of application has been in the operation of offshore crane
barges. In the case of crane barges more than just simple measures of risk
have frequently been produced. In particular, optimizations have been
performed affecting vessel parameters (e.g. principal dimensions) and
operational parameters (e.g. heading and boom azimuth). These risk analysis
concepts have also formed the basis for some real-time operations advisory
sYstemS which monitor response and sometimes the sea state as well.

The cargo thru-put of alternative vessels serving the same site could

also be studied in this manner.

An interesting related technique has been applied to estimating the
probability distribution for a wet-tow delivery voyage subject to uncertain
drag, wind and currgpt effects. This analytical approach was of assistance in
determining the towiﬁg thrust required to complete the delivery voyage within
a specified time (at a confidence level) in order to meet a brief Arctic ice

window.
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DATA ACQUISITION AND RESEARCH NEEDS

The needs which exist for data acquisition and research closely parallel

the problems outlined earlier in this paper.

Feremost perhaps is the need to systematically and carefully identify
those processes which are in fact "eritical processes", Following
identification it is hardly less important to follow up and study the criteria

or capability functions which are appropriate to each critical process.

A second distinect need is to systematicslly study the actual practice of
seamanship. Such studies should ultimately result in characterizaticns of
seamanship actions which can be adopted to our probabilistic models. Attempts
should also be made to relate seamanship actions, either to variables which
automatically reflect ship scale (e.g. local acceleration on the bridge), or

else parometrically to ship size.

Lastly, it 1is important to pursue better sea surface climatologies.
Better climatological data is needed in many aspects of sea surface
climatology, but it is particularly important to gain better insight into the
directionality of wave fields. 3Studies which lead %o a probabilistic

distribution of wave spreading function parameters are therefore needed.
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RELIABILITY EVALUATION OF TENSION LEG PLATFORMS
by C. A. Cornell} M.ASCE, R. Rackwitz’ Y. Guenard’ and R. Bea' M. ASCE

framework for the reliability analysis of marine structures is pre-
sented and applied to a TLP. The system analysis is made possible by the
use of simple models; resulting uncertainties being accounted for. Impor-
tant information (e.g., identification of critical subsystems and para-
meters) that can be used to guide the design process is obtained.

Introduction

The detailed reliability analysis of a complex structure remains an
impossible task at present, even with the most recent probabilistic tools
available. Yet, mathematical models used for the analysis and design of
structures, and particularly offshore structures, become more sophisti-
‘cated and therefore less easy to incorporate in a probabilistic frame-
work. However, if these models are kept simple enough, so that a proba-
bilistic analysis becomes possible, reliability considerations can be in-
troduced in the design process, eéspecially at an early stage when impor-
tant decisions have to be taken (e.g., between different configurations).

Among various types of offshore structures presently under study for
deepwater oil production, the so-called Tension Leg Platform (TLP) con-
cept is receiving particular attention. The basic idea behind the TLP
concept is to restrict the heave, pitch, and roll motion of a floating
platform by anchoring it to the sea-floor with tendons (cables or assem-—
bly of tubes) in tension. The main subsystems of a hypothetical TLP
(and their principal modes of failure) are shown in Fig. 1.

Models and assumptions

It is assumed that over time periods of variable durations (severe
sea-states), the sea elevation can be described as a stationary gaussian
process characterized by two usual parameters, the significant wave
height H, and the mean zero up-crossing period T, (see Ref. 5). It is
also assumed that a wind speed parameter V;; and a duration parameter T
can be associated with each sea-state. The four parameters H sf T R Vw,
and 1, characterizing a particular sea-state, are not mutually lndepen—
dent; hence, conditional distributions based on recent measurements (4)
are introduced. Finally, it is supposed that the sequence of severe sea-
states forms a (Poisson-arriving) set of independent events. The current
parameter and mean water level variable, also randem, are assumed to be
independent of each other and of the sea-state parameters. The four pre-
ceding factors -- wave, wind, current, and water level variation -- are
the main sources of loading on a TLP and are included in the analysis.
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2Doctor—Encmeer, Inst. flr Massivbau, Tech. Univ. Munich, W. Germany.
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As mentioned above, the physical model is kept simple. The fluid
kinematic parameters are obtained by linear wave theory and the hydro-
dynamic forces on the structure are evaluated by the usual Morison equa-
tion (5). For a given wave, the forces or stresses in the various sub-
systems are obtained by a dynamic analysis of the model. In the two-
dimensional representation of Fig. 1, the structure has only two legs
and two columns, with m tendons per leg and n tendon-elements per ten-
don. Each foundation subsystem is made of p piles which may fail indi-
vidually; the possibility of a group failure is also included. The
structural system is shown in Fig. 2, with the usual system conventions
for parallel and series structures. Based on the environment and hydro-
dynamic models, the worst lcading condition can be obtained for each
component of the system and then used to evaluate failure probabilities
under extreme loading. Fatigue failure is discarded at this stage.

Reliability Analysis

As is usually done in reliability analyses, a failure mode is
associated with a function g(X), where X is a vector of random variables
involved in the failure mode. Failure occurs if g(X) is negative. The
first-order techniques commonly used to obtain the probability of failure
in a given mode are well known (6) and need not be discussed here.

Several types of uncertainties, including natural (e.g., environ-
mental parameters), material, fabrication, and physical model (e.g.,
hydrodynamic, resistances) uncertainties are considered. However, proba-
bilistic model (e.g., distributions, processes) and statistical (e.g.,
parameters of distributions) uncertainties are not yet accounted for.

Two important factors in system reliability are redundancy and de-
pendence between failure modes of a system. Through newly developed
first—-order reliability techniques (3) those two factors can be consid-
ered. This will be illustrated by a simplified reldiability analysis of
a foundation system. Although the whole TLP system is not analyzed in
this example, it is sufficient to show the main features of the method.

Example T

Consider the foundation subsystem in Fig. 2 and assume for simpli-
city that waves are the only source of loading. To further simplify we
consider a given sea-state (Hg, T,, and T are its parameters, determin-
istic in this case) and we are interested in the system reliability for
the duration of the sea-state only. The real tension amplitude Tygog1
applied to the foundation is of the form:

Treal - PL x Tmodel - PL £ fTZ(H> D
where Py is the locad model uncertainty variable, H the wave height vari-
able, conditioned on Hg, and fTZ(H) the transfer function between wave
and tension amplitudes. ngg is then defined as the maximum of T,..7
over the duration T.

If the system of p piles is designed to resist a "design wave' H
(period TD) with a safety factor v, the real capacity of one pile is:

0 = PF ¥ Sy X ( %-x Y x fTD(HD)) {(2)

real = Fr ¥ Sp x Q
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where P accounts for the foundation model uncertainty and Sy for the
uncertainty introduced by the estimation of a soil parameter (undrained
shear strength in this case). Assuming a perfectly ductile behavior for
tension piles, tge capacity of the individual piles system simply is:

1

P
Qreal © .z Qreal,i = PF x { iZlSF,i} X Qnominal (3>

P_ is supposed to be the same for all the piles (introducing a corre-
14tion between the pile capacities) while the SF¢¥5are assumed here to
be independent and identically distributed. A similar formula has been
derived for the pile group capacity Q,.,1, but is not given here. The
system failure probability is finally written:

2 max})

<T

_ 1 max
Pf - P({Q <T real “real

real " real

u {0 (4)
The analysis is carried out for three possible configurations (4, 6, and
8 piles). Reasonable distributions and parameters (1,2,4) are assumed
for the random variables. The safety factor vy is first adjusted to ob-
tain acceptable reliability levels for each pile marginally, expressed by
the so-called reliability index R. A value of 3, in accordance with
usual recommendation for pile design, is necessary. The results of the
analyses are summarized in the following table:

Number of B, for successive B, for group failures » B for series
piles ‘pile failures system
2 2.49 ' 3.11 ’ 2.45
6 2.57 2.72 2.40
8 2.61 2.35 2.21 .
TABLE 1

For practical purposes, the spacing between the piles must be reduced
as the number of piles increases, resulting in a decrease of 8. . The
more likely failure mede changes from successive individual pile failures

~to a group failure with increasing n. Despite the increased redundancy,

the overall 2 index decreases as the number of piles increases (for con-
stant design load). The relative weights of the various random variables
in the total uncertainty are measured by the so-called sensitivity fac-
tors (6) resulting directly from the analysis and for which typical
results are given in Table 2 (superscript 2 refers to group failure).

i g 1 + Z <

Random Variable H | RL SF,i PF SF PF

Sensitivity factors: .18 .50 .11 .65 .34 .34
TABLE 2

We notice the importance of the model uncertainties, resulting from

the large values assigned to the corresponding coefficients of variation.
These sensitivity factors can form the basis for detailed, final design
schemes with a deterministic load and resistance factor format . (6).

Conclusion :
The same type of analysis is under development for the whole struc-



ture, all sources of loading included, allowing the identification of the
critical subsystems (e.g., foundations versus "legs") and parameters
(e.g., number of piles, tendons per "leg"”, etc.). Load and resistznce
factors can be adjusted in the various subsystems in order to obtain a
balanced design format for a given overzll reliakility level. Althouch
only a particular type of structure is considered here, the apprroach is
very general and should be easily applicable to assass the reliability

of any structural system. -
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METHODOLOGIES FOR THE ANALYSIS OF
SAFETY AND RELIABILITY PROBLEMS IN THE
OFFSHORE OIL AND GAS INDUSTRY

by

Dr. D.H. Slater and Dr. R.A. Cox
Technica Ltd., 11 John Street, London, WCIN Z2EB, England.

Abstract

This paper gives a comprehensive review of safety and reliability assess-
ment methodologies as applied to offshore installations, with special
reference to North Sea experience. There are several distinct techniques
which may be applied:

for evaluéting the reliability of safety systems
or estimating the frequency of process systenm
failures

Fault Tree Analysis

i

Event Tree Analysis for evaluating the possible accident segquences

following some initial failure

Hazard and Operability for checking adequacy of complex process
Study designs and identifying likely modes of failure

Risk Analysis - for estimating risks to people, equipment and
the environment, evaluating possible changes or
improvements etc.

"Conceptual Design

used in the Norwegian Sector to help identify

Safety Evaluation™ "design accidental events" which are used to
define the accident survival capacity of the
installation

Simulation Techniques

these are used for many purposes. A good
example is simulation of evacuation sequences,
using Monte Carlo or event tree methods.

¥

Structural Reliability this covers several distinct areas. It includes

Analysis analysis of extreme seismic, wind and wave load-
ings (say 10000 year return period) and consi=-
ders collapse states rather than design
{elastic) states. Structural redundancy,
defect-tolerance and impact resistance are also
considered.

In the paper, these techniques are discussed in terms of their relevance
and usefulness in offshore problems, and examples are given. he extent
of practical application of these methodologies in the offshore oil and

gas industry, and the results from this experience, are reviewed.
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