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FIRE AND LIFE SAFETY ASSESSMENT AND INDEXING METHODOLOGY II
(FLAIM II)

DEVELOPMENT AND TEST PLAN

by
Derek Hee, Robert Bea, Karlene Roberts, and Robert Williamson

Abstract

FLAIM 11 fiils a unique role in the safety assessment of marine systems. It
incorporates three sources of information on Human and Organizational Factors into
questions that will be used by trained and experienced assessors to assess offshore
platforms and terminals. The methodology is based on assigning scaied values for
likelihood and consequence to determine a relative risk value for each category of
assessment. The highest relative risk categories are targeted for risk reduction. The
assessors also provide valuable information in the form of comments to reduce nsk, and
their uncertainty in assigned values. The training of the assessors is divided into two parts,
the first being informational and the second being “hands-on” use of the instrument. The
assessment consists of three phases, a one day initial onshore screen and assessor training,
a two day offshore platform assessment, and a one day onshore final evaluation. This

three part process tests FLAIM IT's utility.






Fire and Life safety Assessment and Indexing Methodology
Il
(FLAIM 11)

Development and Test- Plan

1.0 Introduction

1.1  Goal and Objectives

The goal of this project is to further develop and test an assessment process
(FLAIM) focused on preventing loss of containment which can lead to fires and
explosions on offshore platforms and marine terminals. The assessment process includes:
a) assessor selection and training, b) an assessment instrument (FLAIM 1I), and c) an
assessment protocol (how to perform assessments).

The FLAIM II project’s primary focus is on human and organization factors
(HOF) that can influence loss of containment events on offshore platforms and marine
terminals. The development of the assessment process incorporates results from such
recent associated developments as SEMP (Safety and Environmental Management
Programs), PFEER (Prevention of Fire and Explosion and Emergency Response), and
ISM (International Safety Management) code.

The primary objective of these office - field studies is to demonstrate the
practicality and the workability of the FLAIM process. A secondary objective is to leamn
as much as possible about the consistency of the FLAIM assessment results, by evaluating
its ability to consistently identify high priority elements that deserve remediation and the
potenﬁal remediation measures.

The assessors are recognized as the most important part of the FLAIM process.
Thus, another key objective of this project is to develop an assessor qualification and
training protocol, and then to determine the protocol’s effectiveness in the office and in
the field.

The FLAIM process has been developed so that it can be used effectively and
efficiently by those having daily involvement and responsibilities for the safety of offshore



platforms and marine terminals. The FLAIM process is intended to empower those having
such responsibilities identify important loss of containment hazards, prioritize those

hazards, and then define warranted or needed mitigation measures.

1.2 Background

Many different types of safety assessment methods have been used by the marine
industry (Figure 1). The methods range from qualitative (Hazard Operability Studies,
Failure Mode and Effects Analyses) to quantitative (Quantified Reliability Analyses,
Probabilistic Risk Analyses, Formal Safety Assessments). FLAIM Il is intended to fill a
gap between the non-quantitative / less detailed methods and the highly quantitative / very
detailed methods. FLAIM has been identified as a Safety Indexing Method (SIM) (Bea,
1996). FLAIM II uses anchored rating scales that allow assessors to evaluate likelihoods
and consequences of loss of containment events at platform and terminal ‘hot spots’

(places where loss of containment can lead to significant pollution or fire and explosion

events).
QUALITATIVE METHODS
HAZOPS, FEMA
SAFETY INDEXING METHODS
SLIM, FLAIM, Increasing:
HESIM, HEROS complexity,
QUANTITATIVE detail,
METHODS difficult,
cost,
HEART, THERP, time
QRA . PRA,
FSA

Figure 1. Safety assessment methods
Each of the safety assessment methods outlined in Figure 1 has its own strengths
and weaknesses (Bea, 1996, Groeneweg, 1994; Center for Chemical Process Safety, 1994;
Safety and Reliability Directorate, 1988). These methods can be viewed as being



progressively more: difficult, time consuming, costly, and complex in identifying how to
prevent loss of containment events on offshore platforms and marine terminals. These
methods can be viewed in the context of a set of comprehensive safety screening
assessment processes that attempt to identify and remedy safety hazards using the simplest
methods first, and reserving the more detailed and complex methods for more difficult
problems. These methods should be viewed as complimentary frameworks for thought
and evaluation in the quest to achieve adequate safety.

1.3 FLAIM

FLAIM is a Fire and Life safety Assessment Indexing Method that was developed
at the University of California during the period 1990 through 1994 (Gale, et al., 1994, an
article on FLAIM is included as Appendix A). This ‘walk-down’ assessment instrument
addresses critical elements that influence prevention of loss of containment on offshore
platforms and marine terminals (Figure 2). These critical elements comprise modules in
the FLAIM computer program and includes: platform and terminal structure, equipment /
facilities, system safety procedures, operating teams safety, organization safety, safety
assessment and improvements, and reporting. The principal emphasis in FLAIM II has
been (1) the development of Human and Organization Factors (HOF) elements
incorporated into the Operating Teams Safety Module and the Organizations Safety
Module, (2) the assessor qualification and training process, and (3) the development of an
effective SIM that is incorporated into the Reporting and System Safety Index and
Improvement Alternatives Module. As appropriate, components from the original FLAIM
will be incorporated into the FLAIM II program to create a comprehensive platform and

terminal loss of containment assessment instrument.



Select Marine System

for Evaluation
Structure Sysiom Safety Ecuipment / Hardware Systom Assessment
Amsessinent Module Safety Asscasment Module Module
= N
Operating Teams Safety Organizations Safety
Asscssment Moduie Assczsnent Module
Safety Asseasment
Integration Module
*
Reporting Module System Safety
Index & Improvement Alternatives

Figure 2. FLAIM Il modules

1.4 Development Plan

The basic plan for FLAIM II development and verification is outlined in Table 1.
The project is organized into five Stages during the two year project duration. Stage 1
develops the FLAIM II process, Stage 2 implements the Stage 1 developments, Stage 3
revises the FLAIM II process based on the experiences from Stage 2, Stage 4 implements
the Stage 3 developments, and Stage 5 wraps up the project.

The remainder of this report summarizes the Stage 1 developments.

Table 1 - FLAIM Il development plan

Stage No. Tasks
develop operating teams module
1 develop organizations module
develop safety indexing method and scales
develop develop assessor qualification & training protocol

develop assessment process
identify and select Stage 2 demonstration facilities
deveiop assessor training documentation
program FLAIM |i
2 conduct assessor training
implemant perform field demonstration tests
evaluate fisld demonstration tests

3 reviss FLAIM |i program
revise FLAIM |l process
revise revise assessor training program and documentation
identify and select Stage 4 demonstration facilities
4 conduct assessor training

implemant | perform field demonstration tests
evaluate fisld demonstration tests

5 summarize projact results
wrap up summarize neaded developments
document project




2.0 HOF Components of FLAIM |i
The four primary components in the FLAIM II process that address HOF are: (1)
the questions that comprise the operating teams and organizations modules, (2) the Safety
Indexing Method, (3) the assessor qualification and training protocol, and (4) the FLAIM
IT assessment methodology. The development of these components will now be

summarized,

2.1 The Questions

Agencies responsible for the oversight of the oil industry have developed safety
and environmental management programs guidelines, with the goal of reducing HOF
initiated accidents on marine systems. The following lists three key guidelines along with
their agency:

Safety and Environmental Management Program (SEMP) - Minerals

Management Service, U.S. Department of the Interior,

Prevention of Fire and Explosion, Emergency Response (PFEER) - U. K.
Health and Safety Executive,

International Safety Management (ISM) Code - United Nations

International Maritime Organization.

These regulations, along with research done at the University of California at
Berkeley focusing on risk reduction and operational reliability, and company responses to
regulations provided a set of HOF. These factors are presented with definitions in
Appendix B, along with two source matrices. Questions were generated from each
category for FLAIM 11

The generation of FLAIM II questions is a four step process (Figure 3). The first
step identifies the eight categories. The second step identifies the various sources of
information, and decomposes them into component questions. The third step places the
component questions into the appropriate categories. The fourth step combines similar
questions in each category, the result being a set of questions for each category. This set
of questions is summarized in Appendix C as the Basic Minimal Questions. The FLAIM
II process allows the assessors to identify other questions and factors that are appropriate

for the evaluation of a particular system.



Step 1: Identify Eight Categories
1. Hazards Analysis
g- mmp:ln;:ti;:};nge Step 2: Reducing Information
. i uestions:
4. Safe Work Practices mw component questions
i e |}, prEER
6. Training 3 1SM
7. Emergency Response : wxp
8. Investigation & Audit ‘; Compan:

/

Step 3: Place component questions
into the Eight Categories

l

Step 4: Combine similar questions
within the Eight Categories

Figure 3. The four steps to combining questions

2.2 The Safety Indexing Method

Once these questions are developed, the next issue is answering them. The
method for answering FLAIM 11 questions relies heavily upon assessors who assign ‘most
probable’ scaled values (likelihood and consequence) to each question (Figure 4).
These values are then multiplied to determine the resultant loss of containment risk

associated with each question or factor:

Risk = Likelihood X Consequence



1 2 3 4 b 6 7

Low High
Likelihood Likelihood

a) The Value Scale for answering Likelihood part of question

1 2 3 4 b 6 7

Low High
Consequence Consequence

b) The Value Scale for answering Consequence part of question

Figure 4. The Value Scales for Answering Questions

The risk values are then plotted and displayed to show those categories with the
highest relative risk (Figure 5). This process has been used with success in the safety
assessment of radiation emitting medical devices (Lawrence Livermore National
Laboratory, 1995).

The assessor’s uncertainty in assigning a value of likelihood or consequence is
captured by having the assessor also select two additional values, the lowest and the
highest possible value for each question. This creates a triangular distribution shown in
Figure 6. The uncertainties in the likelihoods and consequences can be propagated when
calculating the risk, thereby allowing each factor to have uncertainty associated with its

nsk.

Risk Value

Relative Risk
s B

Figure 5. Relative risk values for each category



71234567 1 2 3 4 5 6 7
a) Very little uncertainty b) Much uncertainty
Figure 6. Distribution expresses assessor uncertainty

The assessors will be tasked with commenting on the reasons for assigning a
certain scaled value. This information will be used to identify potential remedial measures

and to evaluate the consistency of the resuits among different assessors.

2.3 The Assessors
The FLAIM II assessor must have experience operating either platforms and

terminals, and have training on FLAIM II and HOF.

2.3.1 Qualifications

The quality of the FLAIM II results is critically dependent on the background,
experience, and attitude of the assessors. The following assessor qualifications are
proposed:

a. Platform / terminal operations

b. Fire and explosion training

c. Safety auditing

d. Human and organization factors

An important aspect of assessor qualifications is their aptitude, attitude, and
motivation. It is very desirable that the assessors be highly motivated to: (1) learn about
HOF and safety assessment techniques, (2) have a high sensitivity to safety hazards
(‘perverse imaginations”), (3) be observant and thoughtful, (4) have good communication
abilities, and (5) have high integrity.

The assessor is expected to make assessments in five areas: (1) the condition of the

structure, (2) the condition of the equipment, (3) adherence to and sufficiency of

operating procedures, (4) performance of operating teams, and (5) influences of the



parent organimtioh on platform and terminal loss of containment events. Sufficient
expertise in the first three areas (structure, equipment, and procedures) is expected to be
found in individuals having five to fifteen years of operating experience on platforms and
terminals. Additional information in these first three areas; focusing on how poor
structural and equipment maintenance, and procedural deviations have led to a loss of
containment and subsequent fires and explosions, is incorporated into assessor training
(see Appendix D).

The other two areas, HOF in operating teams and organizational influences, will
make up a significant part of the training. Assessor experience with platform and terminal
operating teams and organizational influences will enhance the HOF training, enabling

them to better assess platform and terminal operations for HOF.

2.3.2 Training

The training (Appendix D) has two parts, the informational part and the practical
exercise part. The assessor is the key to a quality assessment. An assessor with five to
fifteen years of platform operating experience brings a base of knowledge and experience
focused on structural, equipment/hardware, and procedures (Figure 7). Additional
knowledge of how loss of containment leads to fires and explosions affects these three
components is & part of the training (Figure 8), and furthermore, information on Human

and Organizational Factors will be a part of the training as is outlined in Figure 9.

Structural

Equipment/Hardware

Procedures

Figure 7. Basic assessor knowledge

Structural LOC

Equipment/Hardware Fues and
{Explosions

Procedures

Figure 8. Additional knowledge on joss of containment, fires, and
explosions
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Figure 9. Primary training modules (dashed lines)

The dashed lines in Figure 9, provides an overview of several of the informational
parts of training.

Other information provided during training are the methodology (described in the
next section of this paper), and the overall concept of FLAIM I1. Assessors will work
through several “table-top” exercises using the FLAIM software.

The second of part training is the “hands-on” use of the computer software.
Figure 10 shows how requirements mandated by regulators, company plans, and findings

from previous research contribute to question development for FLAIM II.

SEMP Haz. Anal.
ISM
MOC
Mech. Int.
|PFEER Similar
»1Questions / Op. Proced.
" |Training
Company X \
SWP
FLAIM 1 Emerg. Resp.
lmh Inv. & Audit

Figure 10. The relational data base system

A software demonstration using a simple platform as a case study will be shown to
the assessors, and then they will assess another simple platform on their own. Following
this, each assessment will be evaluated and assessors will be asked for feedback on

10



FLAIMII. The goal of hands-on training is to have the assessors become familiar with the

software.

2.4 The Methodology
The FLAIM II evaluation process is organized into three phases : (1) background
information development and initial assessment {onshore), (2) visiting the facility and

observing operations {offshore), and (3) final evaluation (onshore) (Figure 11).

Phase 1 Phase 11 Phase II1

(Onshore) (Offshore) (Onshore)

Initial Screening Visiting the Final Evaluation
Platform/Terminal

Figure 11. Phases of a FLAIM |l evaluation

During the initial screening, information is gathered to identify “hot spots”
(locations / operations having high likelihood and consequences of loss of containment
events) and to make preliminary assessments. This information comes from both verbal
briefings and written material. Verbal briefings by personnel from both the corporate
office and the platform / terminal, followed by a question-and-answer period, provide
insight into the organization. Written information, such as oil process flow diagrams,
maintenance procedures, results from previous assessments and inspections, information
on previous loss of containment events, and emergency action plans, are examined to
determine hot spots and to familiarize assessors with the platform. During the initial
phase, the preliminary assignment of scaled values for the questions are made.

The purpose of the second phase, visiting the platform / terminal, is to confirm
information gathered during the first phase and to observe the actual operation of the
facility. A typical visit will include a tour of the entire facility, followed by observing, at a
minimum, the following three critical procedures: (1) maintenance, (2) emergency drills,
and (3) shift changes. A tour will help familiarize assessors with the location of hot spots
identified during phase one and perhaps reveal additional hot spots. Maintenance at hot

11



spots will be the first procedure focused on because poor or improper maintenance is the
cause of many accidents on marine systems. The second procedure, emergency drills,
focuses on how platform / terminal personnel respond to loss of containment events,
because once it has started, humans must act either to bring the loss of containment under
control or to escape. The third procedure, shift change, is observed to examine
communication between platform / terminal operating crews and personnel. Of particular
concern are communications between contract crews and platform / terminal operating
personnel. As the visit proceeds, scaled values are assigned to all questions, and
supporting information is gathered.

During the final evaluation phase, the evaluations and comments are re-examined,
and the final scaled values are multiplied to compute a relative risk for each question.

These values are then graphed (Figure 12).

Risk

Figure 12. Relative risks for LOC questions

The highest relative risk factors are identified and the supporting information
examined to make recommendations for reducing the risks. Risks can be reduced through
reductions in likelihoods or severity of consequences, or through a combination of these.

These recommendations are summarized in a final report on the assessment of the facility.

3.0 Testing
The testing of the FLAIM II process occurs in two phases. The first phase is the
initial field test. Following the first phase, the FLAIM II process is updated using
feedback and analysis of the first field test results. The second phase is the final field test.

12



3.1 The First Field Test

The goal of the first test is to assess whether the FLAIM II process is practical.
The first test begins with the training of assessors, during which feedback is solicited to
improve training. Next, the two teams of three assessors each are formed and a test

matrix is set up (Figure 13).

Assessor Team Platform #1 Platform #2 Marine Term. #1

1

2

Figure 13. Initial test matrix

The test assessment teams, as envisioned, are to be composed of a representative
of: (1) the owner / operator of the facility, (2) a regulatory representative, and (3) an
engineering contractor / classification society representative.

The test matrix consists of three marine systems, two offshore oil platforms and
one marine terminal (see Appendix E for typical system candidates). Using the FLAIM II
methodology, the first team will assess the first platform using the three phases:

(1) initial screening onshore, (2) visiting the platform offshore, and (3) final onshore
evaluation. The time projected for each system assessment during this phase is four days:
one day for the first phase, two days for the second phase, and one day for the final phase.
A research associate will accompany the team to record assessor feedback on the training,
the methodology, and the instrument. The teams witl assess the three systems in any
order, as long as both teams are not on the same system at the same time. The goal of this
test phase is to determine the workability of the FLAIM II instrument. At the end of each
assessment, feedback for the instrument’s improvement will be solicited from the

aSSLSSors.

3.2 The interim Period
During the interim period, feedback from the assessors is collected and

incorporated into FLAIM II. The system assessments are analyzed and revisions are made

13



{0 the instrument. The training, methodology, questions, and testing will all be reviewed

during this phase with the goal of improving the FLAIM II instrument

3.3 The Final Test Phase

The goal of the final test phase is to check for FLAIM II's practicality, workability,
and consistency. The final test phase will have improved training, methodology, and
questions. This phase begins with the improved assessor training, and then proceeds to
the assessment of another three marine systems, similar to the first field test matrix. The
assessments, both scores and comments, are used to analyze the consistency of the

instrument and the training.

4.0 Conclusions

FLAIM II is intended to fill a unique role in the safety assessment of marine
systems. It incorporates three sources of information on Human and Organizational
Factors into questions that will be used by trained and experienced assessors. The
methodology developed is based on assigning scaled values for likelihood and
consequence to determine a relative risk value for categories, with the highest relative risk
categories targeted for risk reduction. The assessors also provide valuable information in
the form of comments to reduce risk, and uncertainty in their assigned values. The
training of the assessors is divided into two parts, the first informational and the second
“hands-on” use of the computer program. The methodology consists of three phases, the
one day initial onshore screen, the two day offshore visit to the platform, and the one day
onshore final evaluation. The testing of the FLAIM II instrument has two phases, the first
test and the final test. The test includes training, traveling to marine systems, and
assessing the system. The goal of the first test is to check for FLAIM II’s practicality and
the goal of the final test is a consistency check. The interim period is used to improve all
aspects of FLAIM II.
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6.0 Glossary

Accident - an occurrence that leaves a system damaged or defective.

Cognition - the capacity or mechanisms that lead to knowledge; those aspects of mental
behavior involved in the diagnosis of events

Commission error - an error that results from an unintended action, excluding inaction;
incorrect performance of a task or action

Communication - the capacity or mechanisms of information transfer between or among
people
Consequence - the result of an event or action

Conditional probability - the probability of an event occurring given that some other event
has occurred

Decision making - the activity of choosing one course of action among alternatives

Dependency - a relationship between the occurrence of one event (factor) and another
event (factor)

Diagnosis - the attribution of the most likely causes of an abnormal event to the level
required to identify these systems or components whose status can be changed to
reduce or eliminate the problem; interpretation

Error - deviation for an intended or desired human or organization performance or any
deviation from an intended result

Ergonomics - the discipline concerned with designing hardware, operations, procedures,
and work environments so that they match human capacities and limitations

Event tree - a graphical representation of the logic of the interactions of intermediate
events between an initiator and its identified consequences

Failure - any deviation from an intended or desired hardware, software, human, or
organization performance

Fault tree - a graphical representation of the logic of the causes of failure of a specified
event

Hazard - a feature of the environment that could be harmful or damaging to a system
Hardware - mechanical, structural, equipment, and other similar artifices

Human efrors - actions or inactions by individuals that can fead an activity to realize a
lower quality than intended; misadministrations; departure from acceptable or desirable
practice on the part of an individual that can result in unacceptable or undesirable
results

Human factors - any attribute of a situation or object that is due to the actions or
attributes of one or more persons

16



Human performance - result of human behavior as measured against some goal or
standard

Human reliability - the probability that the performance of a person or group of people will
be successful or acceptable against the standard or goal of the performance

Human factors - a discipline concerned with designing hardware, operations, procedures,
and work environments so that they match human capacities and limitations; any
technical work related to the human factor in manned systems

Incident - an occurrence that interrupts the performance of a system rather that leaving a
system damaged or defective

Influence - a causal factor for a specific event
Initiator - the occurrence that starts an incident or accident

Interaction - the relationship between the behavior of two systems or components to
produce a combined consequences that would not occur if only the behavior of the
individual system or component occurred

Knowledge-based behavior - behavior that requires one to plan actions based on an
analysis of the functional and physical properties of a system

Lapse - an error in recall

Man-machine interface - the abstract boundary between people and the hardware or
software they interact with

Mistake - an error in establishing a course of action

Model - a characterization or description of a system that is an abstraction that represents
symbolically the way in which the system functions

Omission error - an error that amounts to an unintentional or unnoticed inaction; failure to
perform a task or action

Organization errors - actions or inactions by groups of individuals that can lead an activity
to realize a lower quality than intended; group misadministrations; departure from
acceptable or desirable practice on the part of a group of people that can result in
unacceptable or undesirable results

Perception - the capacity or mechanisms that lead to recognizing sensory input
Performance shaping factor - an influence on performance

Probability - a number between 0 and 1 that quantitatively ranks the likelihood or chance
of the occurrence of a postulated event

Procedure - the formal realization of a task; verbal instructions or written actions

Probabilistic Risk Assessment (PRA) or Quantified Risk Assessment (QRA) - a rigorous
and systematic identification of the levels of compromises in quality that could result
from system operations and a quantitative assessment of the likelihood of such
occurrences

17



Quality - fitness for purpose; freedom from unanticipated defects; meeting requirements of
serviceability, safety, compatibility, and durability

Random - variability that cannot be predicted or its causes are unknown or its results have
no discernible pattern

Reliability - the probability that the performance of some hardware, software, individual,
organization, or their combination will be successful

Risk - the chance of a loss or damage; the frequency of an undesired consequence; the
uncertainty of a hazard; the product of the likelihood of an event and the consequences
of that event

Sequence - a chain of events that trace an initiating event to a specific consequence
Rule based behavior - behavior in which a person follows remembered or written rules

Skill - an ingrained ability or capacity toward specific action; the performance of more or
less subconscious routines governed by stored patterns of behavior

Slip - an error in implementing a plan, decision, or intention
Software - information stored on paper, film, electromagnetic media, etc.

Stress - the physiological or psychological reaction to loads, burden, or other stressful
influences on people; feeling of threat to one’s well being; human response 0 a
stressor (causes bodily or mental tension)

System - a group of entities consisting of hardware, software, people, organizations, or
their combination that interact to produce joint behavior that can be measured against
some goal or standard

Task - a series of human activities designed to accomplish a specific goal
Taxonomy - a classification or way to characterize and describe

Uncertainty - a lack in knowledge or a failure in being able to predict a postulated event

18
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Offshore Mechanics and Arctic Engineering Conference
American Soclety of Mechanical Engineers
Copenhagen, Denmark
18-24 June, 1995

Human Factors in Operational Reliability of Offshore Production Platforms:
The Fire and Life Safety Assesment Index Methodology (FLAIM)

William E. Gale, Jr., Ph.D., P.E., C.S.P., Consultant, Novato, CA
William H. Moore, Dr. Eng.. American Bureau of Shipping, New York, NY
Robert G. Bea, Dept .of Naval Arch. & Offshore Eng., Univ. of Califomia, Berkeley
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introduction

Following the 1988 Piper Alpha disoster in which 167 people lost
their lives in industry's worst offshore platform accident, numerous
inquiries and research efforts were set in motion. In the ensuing
olficial investigation, Lard Cullen' recognized a principal change was
needed in administering UK. offshore safety regulations— a move
away from prescriptive, mechanistic safety regulations to an approach
based on comprehensive goal setting objectives that could
sccammodate, inter alia, the influence of human and organizational
factors in managing safety. Within the United States, a similar
movement is taking place— both onshore and offshore.

Recognizing the importance of addressing human facters in process
safety management, OSHA's PSM regulations focus attention on the
contribution of human factors in process hazard analysis. As pointed
out by Fleger,? industry is now coping with the problem of how 1o
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perform human factors analysis as a part of the mandated process
hazard analyses required. Fleger notes that quantitative techniques,
such as iman reliability analysis (HRA) are even more cumbersome
than many types of other quantitative analyses, and suffers from the
same limit-ations of uncertainties due to a lack of specific data or
human error probabilities.3

In the case of Piper Alpha, the Safety Management System, e.g., the
means to integrate and execute those aspects of platform design and
operations that directly or indirectly influence achieving safe
operating goals (Figure 1) was found to be deficient in several
respects.  This led to the present requirement for o formal safery
assessment of “Safety Case,” based on quantified risk assessment
{QRA) techniques, to be included as part of the overll platform's
SMms?

[ /
Managemaent

\ﬁ

pree]

i

i

Safsty § ;
on Firs on Emoke

Figure 1 - Interpretation of Safety Structure Proposed in the Cullen Report

Source: Interim Guidance Notes for the Design Protection of Topside Structures Against Explosion and Fire, Steel Construction Institute SCI-

112, Document No. 243. January, 1992.
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The Cullen inquiry of the Piper Alpha accident concluded that
techniques based on QRA (also commonly known as PRA) should be
usad 1o assess major hazards and to evaluate the means 1o reduce risk
of accidental events on life safety features, e.g., the integrity of
personnel refuge areas, escape routes, embarkation points and
lifesaving craft, etc.!

However, as pointed out by the subsequent Fire and Blast Research
Project’s Interim Guidance Notes, it is considered either impractical
or impossible to carry out a rigorous QRA due to a lack of sufficiently
detziled knowledge of the systems and their expected performance
charncteristics, or the lack of sccurate probability data of initiating
evests, and the large uncertainties associoted with determining
consequences. Limited knowledge of probability distributions and
timited/incomplete event databuses have been and continue to be
long-standing obstacles to rigorous application of QRA offshore.

wmmmwmgﬁwqmmmus.
OCSplatfomsianlsohcking.Thcprumtdmbuemintnmedby
Minersls Management Service (MMS) has been recognized as
lacking in several respects. A report by the National Research
Council® has recommended that MMS should develop a
comprehensive system for collecting event and exposure date,
calculating frequency and severity mates, analyzing trends, and
performing several other functions necessary o produce asable dota.

This problem is one of the driving forces that led to the development
of FLAIM— a search for a means of integrating stochastic nisk
assessment approaches with deterministic and heuristic techniques to
assess risk offshore— to identify deteriorating operations (both from a
mechanical and management standpoint) and reveal emerging safety
fisks on older platforms. FLAIM's development sought to capture one
of the main advantages of QRA-- the application of a quantified and
structured approach to enable decisions to be reached on a rational
and consistent basis— but yet greatly simplifies the assessment
procedure and cases the burden of performing such studies.

FLAIM is not intended to replace more thorough risk assessment
techniques, however, but rather complement their usage when
appropriate (and when meaningful data are available). FLAIM is
primarily intended to provide a screening tool for platform operalors
and regulators to help them determine liow to best improve existing
safety management programs and direct limited resources for optimal
risk mitigation.

Conceptua! Basis and Development of FLAIM
Following the loss of Piper Alpha, the U.S. Mineral Management
Service (MMS) requested the National Academy of Sciences’ Marine
Board to assist them in investigating altemalive strategies for the
inspection and safety assessment of OCS platforms, with o view
towards improving operational safety and inspection practices.”
Considerable effort wos made to select members of the working
committee, known as the Committee on Altematives for Inspection
(CAI), who not only hod both the requisite expertise in OCS
operations and safety management, but also would bring o balanced
wviewpoint with respect to public interests in environmental protection
and safety. CAl members reviewed the custent OCS inspection

program and practices, oppraised other inspection practices for
“lessons-learned,” including those of platforms in state waters as well
as inspection practices in other industries {nuclear, etc.), reviewed
MMS dota bases and e OCS safety record, and developed
evaluation criteria and altemative recommendations for censideration
by MMS.

The CAl developed an inspection recommendation based upon
developing quantitative indices that characterize and measure the
safety of individual offshore operations. Several factors were
identified that should be taken into sccount in developing sampling
indices to characterize and measure platform safety, including:

« the occurrence of safety-related events onboard the platform

+ the occurrence of near-misses which could have caused an
accident

« the record of tests and inspections of safety equipment found in
ill-repair

« evidence of slipshod operation, ¢.g., poor maintenance, poor
housekeeping, poor record
keeping, etc.

« the facility design, such as location and age

+ evidence of lax safety attitudes of managers, supervisors, of
operating personnel, e.g., the
*safety culture” and awareness factor

« the overall safety record for all platforms operated by the
operator

+ the overall safety record for all operators with the region of
operations ’

The CAl suggested that from such quantitative, facility-specific
information, a safety rating could be developed for each platform and
continwally updated with new data. The data base would be kept up
to date by requiring that all event reports and specified operator's
inspection and test results be sent to MMS. Onshore review of
records could then comprise a substantial part of the inspection and
assessment process, and onsite inspections (offshore) could be
accomplished in a much more efficient and informed manner based
on prior analysis of the information in the data base.

Finally, the CAI stressed the importance of management's safey
culmre and suggested that MMS make explicit in its safety
management and inspection philosophy the monitoring of safety
aftitudes of the operators essential, recognizing that subjective
judgments will be involved in this process. However, the CAl
pointed out that subjective judgments should not be a deterrent, but
rather MMS inspectors and supervisors should be trained in
techniques for and the importance of monitoring safety attitudes.

The CAl cautioned against the "compliance culture” in which some
opernlors gy perceive their responsibility and objective as to
simply pass inspection.”" CAl emphasized its belief that mere
compliance with requirements/regulations does nof equal safetv, and
that in practice and by law, the operulors bear the primary
responsibility for safety. MMS's responsibility is 1o find the best and
most effective means it can devise 1o motivate operators 10 meet their
responsibility.



FLAIM's conception is rooted in all of the foregoing CAI principles
and findings. FLAIM's development was geared to meeting the
identified criteria, in recognition of the need to tulfill a variety of
functions to be successful. Foremost, it must be user-friendly,
interactive, and pleasant to use— with the goal of motivating platform
operators to monitor and manage an ever-hange state of safety
cnboard their platfonms, rather than represent a burdensome and
arduous task that is both time consuming and overly technically
demanding. It must promote safety performance accountability in an
efficient and effective manner.

Further, FLAIM was designed to be adaptable for use 1o both specific
applications as well as specific operators who, hopetfully, will choose
to use their own proprietary and confidential databases to identify
those risk contributors of most significance to the particular
operations under scrutiny. In this regard, FLAIM does not
mnppuethatthcﬁskmuibmonmdmeirmupmding
weighting algorithms used in this original work are absolute or rigid,
but rather provisions have been purposefuily designed 1o allow users
to sclect, add, and change the values used herein.

For example, FLAIM is intended to serve as the basis or tramework

for developing site-specific models suited for the particular area and
nature of operations, facility design, reservoir characteristics, and
service demands for any given platform. Therefore FLAIM
mcorporates features that both explain the logic used in its
development and aliows modification of factors and algorithms when
deemed suitable for the user. FLAIM is intended as a tool for
platform operators— to assist them in meeting their safety goals and
responsibilities—~ using their own data-bases, knowledge, and
experience, as well as those existing at large within industry to do so.

FLAIM's architecture was developed in recognition of the significant
role that human and organization error (HOE) plays in promoting
offshore accidents, while accounting for the fact that older topside
systems, besieged by years of demanding service under harsh
conditions, can be expected to have higher rates of
mechanical/material related failures than their newer counterparts.

HOE related factors are rooted in design, construction, operational
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maintenance, and operations of marine systems. Over 30% of high
consequence offshore accidemts are attributable to some Jorm of
HOE, and 80% of these can be related to operational aspects of

Platform activitivs, e.z., 64% of high consequence aceidengs result

Jront HOE during_operarions.® FLAIM identifies and permits the
selection of known risk contributors to assess and quantify platierm
operational risks, placing heavy emphasis on safety management
systems, their effective implementation, and the safety culture under
which the platform is functioning. Given the substantia] influence of
HOE on platiornn risk and reliability, this paper will focys upon the
human operational, management, and life safety aspects of FLAIM.,

FLAIM's Architecture

FLAIM can best be described as o quantitative indexing methodology
in which selected key factors relevant to fire safety and life safety are
identified, assessed and assigned numerical (weighting) values. Risk
contributing factors are thereby indexed and ranked using a weighting
system algorithm, keyed to relative (comparative) risk, to yield a set
of risk indexes, and an overal! risk index for topsides facilities. For
familiarity and ease of use, an academic letter grading scheme (A, B,
C, D, F) based on a 4.0 grade-point scale was selected as the
framework for assessing risk contributors. Refer to Appendix 2 for
further detail on the specifics of the FLAIM algerithm,

Key topsides risk tactors, identified on the basis of scenario analysis,
expert opinion, and historical records, are selected and evaluated by
the user together with provided or planned-for risk reduction
measures.  Life safety is assessed independently from fire safety,
using risk factors specific to ench, but accounting for their close
nterdependence. The adequacy of risk reduction measures and the
overall platform Safety Management System (SMS) can be assessed
by calculating the RIRA and SAMSA indexes. These indexes reflect
provision of risk mitigating and safety management status of the
facility. They are combined with fire safety and life safety indices in
order to arrive at an overall topside risk assessment index.

Figure 2, Primary Building Biocks of FLADM, and Figure 3, FLARS
Assessment Procedure, illustrates the way in which risk modules
were incorporated in FLAIM's assessment and indexing mode! and
their relationship. Figure 3 serves as an overall "road-map” 1o

Means of Egress  Loas of Cantainment ESD System Operating
Means of Escaps  Vulnerabiiity to Depressuring Pr
Waming System Escalation Drainage Training
Communication Layout Fireproofing Managemaent o
Smake Control Configuration Fire/Blast Walls Change
Personal Safety Fire Suppression  Emergency

Ventilation

Equipment Dasign  Audith

Satety Culture

Figure 2 - Primary Building Blocks of FLAIM
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FLAIM's methodology. Eight separate risk assessment modules, each
of which yield individual risk indices used to caiculate an overall
Topsides risk index, drive FLAIM's algorithm. These modules are
shown in Table 1. -

Table 1 - FLAIM's Risk Assessment Modules

. General Factors Assessment (GEFA)

« Loss of Containment Assessmient (LOCA)

» Vulnerability to Escalation Assessment (VESA)

« Risk Reduction Measures Assessment (RIRA)

- Layout and Configuration Assessment (LACA)

» Safety Management Systems Assessment (SAMSA)

« Life Safety Assessment (LISA)

« Operations and Hurman Factors Assessment (OHFA)

HOE Factors in Risk Assessment Modules

Each of the modules listed above in Table | have some degree of
HOE related factors that affect their assessment. This papers focuses
upon those modules that explicitly take into account the impact of
HOE factors.

The General Factors Assessment Module (GEFA) captures general
safety-relevant information in overall platform design and operations,
e.g., platform size, age, configuration, general condition, etc. The
GEFA module secks to characterize the general nature of the plattonn
or group of platforms for which the evaluation is being performed.
There are approximately 142 GEFA questions resident in FLAIM.

Loss of Containment Assessment (LOCA) addresses key nisk
contributors that lead to a release of production fluids or associated
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Nammable and combustible process/utility fuids that may be in use
on the ptatform. Unwanted leaks, spills and other types of releases of
Hammable production fluids, e.g., crude oil, condénsate (natural gas
liquids or NGL), natural gas, and to a lesser extent, ethylene glyco!,
diesel, aviation fuels, and other onboard liquid hydrocarbons, are the
primary cause of mayor tires and eipiosious on offshere producticn
plattonns.

Collectively reterred to as loss-of-containment (LOC) events, such
incidents are the generally attributable to one of three fundamental
causes:

* equipment-material/mechanical failure

« human error— bath in design, operations, and maintenance

s external events (e.g., hurricanes Andrew, (1982) Camille
(1969))

Bea and Moore® have reported that the source of a majority of high-
consequence offshore platform accidents (generally more than eighty
percent) are aftributed to compounded human and organizational
errors. During the 1970's OCS recerds show that about one half to
two thirds of all fires and explosions were attributed to equipment or
mechanical failure, and the remainder to human factors— principally
errors of judgment.'

Equipment and material failures, however, are, in tum, most often
rooted in HOE~ failure of the safety management system to either
ensure the right material and equipment was initially installed for the
service demands, or to properly inspect, maintain, and test production
equipment and systems. FLADM is based on the premise that the

firesafety

Figure 3 - FLAIM Assessment Procedure
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most LOC events of significant consequence are not due fo poor
design, but rather stems from some form of hwnan error. e.g.
personne! performing routine and/or non-routine tasks on pressurized
hydrocarbon containing piping and equipment. For example, the CAI
found that the act of opening 2 pressurized system for maintenance fo
be the third leading cause of fatalities in the GOA! for the wears of
19821936 8

Shortly after the Piper Alpha accident, the U.S. OCS experienced the
loss of a production platform from a fire which also took seven
lives.'” Human error was the direct cause for an uncontrolled
release of hydrocarbons during a repair operation involving an 18
inch diameter gas riser.

The Operarional/Human Factors Assessment (OFHA) module focuses
on what is termed “front-line® operational aspects of platform
activities that directly contribute to increased risk levels. Changes in
operations may routinely occur, such as periodic workovers, wireline
operations or other downhole and topsides activities that, in tum,
temporarily increase the overall level of risk on the platform until

the job is completed. Errors involving operational activities are
considered to constitute the single most important class of risk
contributors leading to platform fires, explosions, and loss of life,

Many individual factors contribute to this problem, as identified by
Moore and Bea," including fundamental deficiencies in organiz-
ational aspects of the management structure, In OFHA, FLAIM seeks
to identily those normally encountered preduction activities which
may involve either an inordinate reliance/dependence on human
Judgment to aveid serious consequences (direct-link couplings), or
activities in which the risk of error is compounded by the complexity
or multiplicity of the tasks involved, e.g., multiple simultancous
operations such as drilling, producing and maintenance involving hot
work or startup of equipment. The OFHA risk assessment module
contains approximately 167 questions covering five subcategories
(Figure 4):

* Maintenance and Repair Work (MARW)
* Multiple Operations Assessment (MULOPS)
* Operational Management Of Change (OPSMOC)

Operationnl § Famman
Astodhient
(OHFA) Miak Wadhule

| -
Haintenance and Muipls Op o - o Dap
ABSsadment v .l and Respenss
-+ MIROPY) pforers Il (orsaam I
Operational Hislary -
{OPSHIST)
Figure 4

Components of OHFA Risk Module

* Assessment Of Operator Dependence And Response (OPSDAR)
= Operational History (OPHIST)

For example, MARW addresses operational risks during times when
maintenance and repair activities are taking place on the piatform— a
time when many accidents happen. These activities include:

¢ major renovations/additions

* turnarounds _

* routine maintenance/repair work involving equipment entry, line-
breaking, and
hotwork

* pipeline pigging/scrapper work

* downhole wireline work such as removing and testing storm chokes

= workover operations

* specialty work, such as pipeline riser retrofits/additions, control
system modifications
necessitating temporary bypass of safety shut-down fitnctions, fire
protection system work causing temporary impairment of the
protection systerns ’

Often times MARW activities involve "line-entry” or "vessel-entn-®
procedures whereby the risk of an LOC event is increased. Normal
process control elements, pressure relief valves, emergency shut down
valves, and other control and safety provisions may be placed in a
bypass mode or be removed from the system, thereby increasing the
potential vulnerability to an initiating event. Hot work involving
welding, cutting, grinding, etc. is also commonly included, resulting
in increased ignition risk.

During MARW, reliance on human intervention and judgment is
greatly increased over that required for normal operations — both
from a preventative and a response standpoint. Simply put, more
things can go wrong, and there is o greater dependency on worker
judgment to make the correct decisions. However, there is also a
greater risk of error during such activities, especially so when non-
routine operations are involved, job complexities are increased, and
work crews may be diverse and unfamiliar with the facilities or
inadequately trained in the particular operations taking place. The
criticality of’ any particular MARW activity has been distinguished by
Moore and Bea !4 into two major categories: process eritical and non-
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process critical.

Process critical operations are considered to be those activities that
involve vessel and/er line entry into hydrocarbon handling systems
and equipment, e.g., operations posing an immediate risk of loss of
contain-ment. This includes all topsides process syslems in which
crude oil, natural gas, natural gas liquids (condensate) liquetied
petroleun gases, and imported flammable liquids (methanel, glycol,
gviation gasoline, etc.) are cither processed, treated, handled, or

stored.

In FLAIM, process critical operations as a group is further subdivided
into three subgroups:

« process critical - HIGH (pressure exceeds 500 psig)

= process critical - MODERATE (pressure above 100 but less than
500 psig)

« process critical - LOW (pressure 100 psig or less)

Non-process critical operations are those activities that impact a
platform’s ability to respond to an LOC event, including fire and
explosion, or that increases the risk of ignition should an LOC event
occur. Any hot work activity not involving process critical activities
would fall into this category. In addition, work that would require
deactivation of any safety system, such as a fire or gas detection (as
may be necessary during hot work), a fire pump, or a deluge system,
is included herein.

In OFHA, FLAIM recognizes that platform operational risk levels are
time dependent, varying in both the long term, e.g., emerging safety
deterioration trends, and in accordance with the nature of daily oper-
ations. MULOPS assesses the frequency and nature of those simul-
taneous activities that produce short periods of high operational risk.

Simultaneocus operations are, in general, significant risk contributors
depending on the nature and number of simultaneous operations
oceurring, this is especially true whenever downhole work is in
progress on live (capable of flowing) wells. Large platforms may have
scveral contracter crews enguged in difTerent  construction/
maintenance activities sunultaneously, and while nonmal production
and drilling activities are also taking place. This proved to be a
significant factor leading to the Piper Alpha incident, 114

MULOPS seeks to evaluate the relative risk of simultaneous multiple
operations by establishing their nature, relative proximity to each
other, and the frequency of their occurrence. Simultaneous operations
during production may include drilling, workovers, wireline
operations, refueling of onboard fuel supplies, ofU onloading bulk
supplies, pig launching and receiving, and various construction and
maintenance activities, such as installation of riser safety valves.

The extent to which aperational safety and the control of emergency
situations depends upon operator responise is on important risk
considetation. Platform process systems designed with protective
systems that automatically sense and initicte corrective actions to
developing emergency situations are apt 1o be less vutnerable to
errors in human judgment or lock of prompt opefdtor respansc.
OPSDAR seeks to evaluate the extent to which the platform design
and operational scheme places reliance on operator response and

judgment in order to safely shutdown topside systems and respond to
LOC events.

Cognitive and sensory limits of operator response becomes increasing
important in accident causation as the demands placed on operators
This problem is much the same faced by military fighter
pilots who, compared with their iminediate predecessors, have both a
much greater aay of sensory information to deal with as well as a
much short time in which to amrive at correct decisions (due to higher
flying velocities). The 1979 Three Mile Island nuclear plant accident
was largely a result of a failure to properly sort out and recognize
criticaily important  information during the developing crisis
scenario.'

lncrease.

OPSDAR uses a “what-i[* scenario based approach to determine if
emergency response plans are inadvertently placing too much reliance
on operators performing critically important tasks or otherwise
(overburdening) platform personnel 1o ensure safety. For example,
OPSDAR asks if platform blowdown system valves are automated or
if operators must maonually open them to depressure system piping;
are platfonn deluge systems automatically actuated or must operators
manually apen focal control valves, are deluge systems provided or
are operators expected to fight fires manually with hand-hose lines,
etc.

FLAIM includes a component intended to identify endemic
operational problems as may be evidenced by reoccurring accident
events. OPHIST addresses the operational history of the platform and
secks to determine if certain types of operational related events are
more prone to occur. This information is intended to distinguish
between appropriate changes that may need to occur and those that
may have already been implemented to rectify the root cause of such
events.

Aiding in the assessment and management of the risk of personnel
injury and death is a primary focus of FLAIM. The Life Saferv
Assessment (L1ISA)Y module identifies and assesses those nisk factors
directly impacting personnel safety and welfare. LISA is further
broken down into twe sub modules: LISAP, Lifie Safety Assessment -
Platform. and LISAA, Life Safety Assessment - Accommodations. If
a platform is not provided with living quarters (LQ), such as platform
on which the erew is rotated out each day or work-shift via helicopter
or service vessel, FLAIM forgoes the LISAA component addressing
accommodation facilities life safety and only evaluates the overall life
safety features of the platferm (LISAP).

Production platfonns in the Gulf of Mexico (GOM) have various size
crews depending on the size and complexity of the platform. Many
smaller platforms are normally unatiended, whereas some platforms
are normally occupied and may serve as central service facilities for
other smoller nearby platforms. Unlike platforms in the North Sea,
however, the crew size on platforms in U.S. waters is considerably
smaller. The overall average number of personnel in attendance on
GOM and Pacific production platforms is estimated to be 12
persons.®

LISAP is executed only if a platform is deemed to be "manned,” ¢.2.,
a platfornm on which people are routinely onboard for more than
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twelve hours per day."* FLAIM incorporates occupancy criteria to

trigger LISSA based on whether the platfonn has a LQ is actwally and
continuously occupied by at least five persons. This ctiteria is
consistent with that adopted by the Panel on Seismic Safety
Requalification of Otlshore Platforms."”” However, FLAIM recognizes
that some operators may wan! to adjust this discriminator according
to their own nsk managenent policies. LISA contzins approximatety
risk assessment questions.

It is difficult to isolate all factors affecting life safety into a single risk
module. Users of FLAIM will recognize the interdependence of the
life safety assessment risk index on each of the other FLAIM
asscssment modules, and especinlly with regards to Layout and
Configuration Assessment (LLACA).

As already discussed, the Safety Management System (SMS) provides
the means to integrate and execute those aspects of platform design
and operations that directly and indirectly influence meeting safe
operating goals. The Safety Management System Assessment
(SAMSA) module contains those factors identified ay being most
prevalent in failures of the SMS. SAMSA seeks to assess the
adequacy of management's ability to identify and respond to root-
cause errors stemming from human and organizational factors, such

as those leading to the Piper Alpha loss. Bea and Moore'® have
developed a taxonomy of human and organizational errars for marine
related accidents. Preceded by early research by Paté-Comel] and
Bea" and Reason™ the HOE taxonomy addresses both error tvpes and
underlying/compounding causes. An error classifi<cations l;a.s bewn
identilied by Bea and Moaore and are subdivided into four gerners)
categories, all of which are subject 1o extermnal environmental
influences.

In FLAIM's SAMSA risk module, factors identified in the HOE
taxonomy (and not previously addressed in OHFA) are accounted in
the subcategories: Management Systems (MASA), Fire (Emergency)
Preparedness (FIPA), Safery Training (SATA), and Managemens of
Change Manage-ment Program (MOCMAP), as illustrated in Figure
5.

Note that MASA is further subdivided into four scparate risk
assessmnent sections: AManagement Systems Safety Culture Assessment
(SCULA). Organizational Respons-ibility & Resources (OR&RY,
Company Folicies and Procedures (POLPROY); and Accountability &
Auditing (ACAU). Each of these components of SAMSA are
considered to be interdependent and essential to achieving fire and
life safety operating goals.

Safety Management
System Assessment
(SAMSA)
l I I i
Management Systsms Fire Preparedness Safety Training - Management of
Assessment Assessment (FIPA) Assessment (SATA) Change (MOC)
Management Systems Organization Policies and Accountability
Safety Culture Responsibility & Procedures and Auditing

Assessment (SCULA) Resources (OR&R) Assessment (POLPRO) Assessment (ACAU)

Figure § - Safety Management System Assessment Module

The four MASA components component of SAMSA form 2
synergism that are a compilation of the (fourteen) essential
elements of Total Quality Management (TQM) as expounded by
Deming® These elements are the sole responsibility of top
management and can only be earried out by top managementr, they
serve as direct indicators of management's awareness of and
commit-ment to continued safe operations.

The most essential element stressed by Deming?? in his fourteen
point approach to TQM is his last program element— creating a
structure and environment in top management that is conducive to

continually ewltivating and building upon on the other thirtesn
points, ¢.g., develop a “corporate culture” of quality that permeates
down and throughout the entire organization.

Deming believed in the need 1o develop a “constancy of purpose
towards improvement® in which management's philosophy
embraces bold (new) concepts aimed at empowering the worker,
creating orgenizational incentives encouraging and rewarding self-
improvement, eliminating worker fear {to do the right thing} and
removing barriers to improving quality and safety, e.g., imposed
production quotas. The SCULA section of MASA, together with
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OR&R (see below) and the other Management System components,
identify and assess key indicators of management's awareness and
commitment to these ideals.

As demonstrated by the current trend in the GOM, large offshore
leascholders (i.e., major oil companies) tend to sublet (fann out)
older fields with declining production rates and rising maintenance
costs to smaller operators whe can continue to realize profitable
operations due to lower overhead costs. The CAI Operalions
reported that in a five year period in the mid-1980's, the number of
operating companies with less than six leases in the GOM
increased more than 325%.7 This trend is continuing today as
many large companies are sbandoning their operations in the GOM
in favor of oversens opportunities.

The CAl found that the safety implications of this trend is
undocumented, but there are certnin characteristics of small
companies that may affect safety risks:

+ small operators typically have no in-house sofety staff and
minimal technical engineering personnel to support field work
ot train field personnel in safe operations,

« small operators are heavily dependent on contract labor and
expertise, and nonnally provide little or no onsite operator
supervision,

« many smail companies have limited "worry-budgets” {a tenm
coined by R.G. Bep to demote resources for safety
expenditures), and may tend to defer costly safety measures.

These considerations tend to make smaller operators more apt {0
adopt a "compliance culture” towards safety rather than moving
forward with an aggressive, proactive SMS approach.
Organization Responsibility and Resources (OR&R) seeks to
identify weak safety culture environments by asking questions
about: the company's safety and loss prevention staff relevant to the
number of platforms being operated; its position in the organization
and reporting authority: the percent of operating budget allocated to
safety related activities, including training, maintenance, and
testing of safety equipment; and the extent to which contract labor
is employed to operate and maintain platforms, as well as the
degree of supervision and training provided by the operator.

Another important component of an SMS is to which extent the
operating company has committed its safety policies and praclices
to written instruction. Written instructions are the instrumnent by
which safety policies, goals, and management's commitment are
communicated throughout and beyend the organization, e.g., the
means for articulation of the safety culture. FLAIM was developed
with the recognition that attitude alone is not enough 1o elicit sale
behavior 2 Without written policy goals and explicit instructions
on how to achieve those goals, the course of platform safety goes
uncharted. Company Policies and Procedures (POLPRO) asks if
the platform operator has a written policy establishing definitive
safety objectives, goals, practices and the means to monitor,
measure, and improve meeting safety targets.

“I'he POLPRO element of MASA accotints for the status of written,
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up-to-date operating instructions for all topside systems and
process companents, including startup procedures, normal and
teinporary operalions, emergency operations including emergency
shutdowns (for each level of shutdown), and black-start restarts
from complete shutdowns of all platform operations and power
sources, ndividual startup/shutdown and oper-ating instructions for
pumps, compressors, fired heaters, should be exphet to the
machine in its "as-built® {as-installed) condition. As required by
OSHA for onshore facilities, these procedures should contain
infornation on occupational safety and health considerations. -

A written Safe Work Practices (SWP) Manual should cover many
routine tasks including: line and vessel opening/entry operations,
lockout and tagout procedures, confined space entry, hot work and
cutting operations, inerting and purging practices, heavy lifts and
crane operations, sampling and sample connections, opening of
drains and vents, use of personal protective clothing and gear, etc.
The Permit to Work procedure should be clearly explained both in
concept and in explicit requirements. In addition, accident
investigation instructions and forms may be included in the SWP
manual or provided as a separate documnent in the emergency
response plan. These issues are addressed by the POLFRO
component of MASA.

Emergency response plans are another important element inciuded
in POLPRO. Most platforms will already have written plans for oil
spills and for emergency evacuation as required by MMS and the
USCG. POLPRO seeks to assess the adequacy of these procedures
and asks about the frequency of emergency response drills and the
provision of improving written plans based on feedback {rom
lessons learned in rehearsals.

Successful implementation of the platform's SMS depends to a
large extent on the means used to measure progress in meeting
safety goals and to effect improvements in program execution.
Accountability is required to effect change and realize
improvements. The ACAU eiement of MASA seeks to determine if
the safely program is being effectively carried forward with the
requisite level of management suppart and accountability necessary
for meaningful implementation. This includes auditing of the
safety assurance and written reports to management.

An important risk indicator in MASA is an operating company's
*lessons-leamed” program. ACAU asks the operator about the
disposition of information collected in near-miss and accident
feports. A pro-aclive approach taken in analyzing and leaming
from operational experiences, and then following through by
commun-icating this information and revising company practices
accordingly, is one indicator of a strong safety culture. Conversely,
compliance with accidents report requirs-ments as mandated by
MMS OCS Orders and committing the information to a file cabinet
without further thought is clear evidence of a "compliance
mentality” as described by the CALS

The FIPA component of the SAMSA risk assessment module seeks
to imeasure a operating crews prepared-ness and ability 1o
effectively deal with developing emergency situations. FIPA does_
not address hardware aspects of preparedness, these are accounted



for in RIRA. FIPA is the complementary component to RIRA and

evaluates the human and organizational factors deemed critical to
controlling a develeping fire scenario.

The extent of human intervention necessary to successfully control
a developing situation depends largely upon the platform design,
its susceptibility to loss of containment events, provisions for
automatic detection, control, and shutdown, and the plationn's
tnherent vulnerability, or conversely, its robustness to resist
thermal impact. There are two terms in “the equation" for
assessing fire preparedness, each containing several variables.

The first term evnluales management's understanding of exactly
what role the crew is expected to play in any given emergency
situation. The assessment secks to address issues of response
expectancy with & view to determining whether or not an
unrcalistic reliance and dependency has developed on a crews
ability to respond.

For example, identification of critical manual tasks necessary for
successful fuel-source isolation in a LOC event, when compared to
concurrent demands for fire-fighting, communications, and general
platform shut-down, may show an inordinate dependence on human
response in some scenarios. Quite often, emergency demands
placed on crew members tend to evolve and change in response to
platform modifications and expansions. The cumulative effect may
exceed reasonable response expectancies, but go unrecognized for
lack of an emergency operability study.

The second term in the fire preparedness equation addresses the
crew's preparedness and capability to carry out those essential
demands placed on it under various emergency scenarios, assuming
the demands are reasonable as evaluated above. This requires and
assessment of the crew's knowledge and understanding of what is
expected for a given situation, their ability and willingness to effect
their duties, and the capability to demonstrate this through hands-
on hypothetical training exercises for emergency situations.

For example, the operators at the Three Mile Island Nuclear Plant
had been trained that the pressurizer on the pressurized water
reactor was a valid representation of coolant inventory. Their
training had not considered the possibility for a leak on top of the
pressurizer, e.g., their training model for emergency events failed
to consider all possible event causes and consequences. When the
pressurizer leak occurred, the operator's diagnosis of the problem
was based on an inaccurate model of what was actually happening-
- they interpreted a rise in pressurizer level as an indication of
excessive coolant in the system, which coused them to dump
coolant, eventuatly leading to a meltdown.?

The Safety Training Assessment (SATA) component of the SAMSA
risk module is intended to evaluate the overall level of fonmal
personnel training and operator qualifications. Recognizing that
HOE is the primary couse of offshore accidents, the adequacy of
training at all levels throughout the orgenization is assessed— from
an operational standpoint and risk aversion in the company's
management culture,

Well trained operators, inspectors, maintenance personnel, and

supervisors ore essential to workplace safety. Further, it is
recognized that training must necessarily be viewed as a dynamic
process, accownting for an ongoing effort to maintain personnel
awareness and cagnizance ol a safety culture. Beyond this however,
the overall attitude and culture of management must necessanly be
assessed with regard to the inherent reward system of the
organizational structure.

Training sessions must not only cover normal operating procedures
and emergency response planning, but should also include safe
work practices. This should include routine review of the work
permit system requirements as well as specific training in each
work practice, e.g., hot tapping, hot work, lockout/tagout, etc. If
contract personnel are used to perform MARW activities, SATA
seeks to determine if the contractor's personne! are adequately
truined and qualified 10 perform their assigned duties, as well as
being trained for emergency response.

The goal of risk management programs is to manage how risk may
change over the operational lifetime of a platform, e.g., the key fo
successful risk management is successfully managing change.
Both physical changes and personnel changes, and operational
changes can greatly impact fire and life safety risks. In the recent
past, however, the management of change has not been generally
recognized as a factor that must be continually and systematically
managed,

In the Maragement of Change Management Program (MOCMAP)
section of the SAMSA risk module, FLAIM ssks if the prerequisite
clements of a MOC management program, as identified by API RP
75.% are established and implemented in written procedures. This
should include the requirement for a hazards analysis of the safety,
health and environmental implications of the proposed change,
including its direct local impact and global ramifications to the
overall risk level of the platform. Such an evaluation may be
performed by using FLAIM's methodology to assess these impacts.

Screening Platform Risk Factors

FLAIM has been designed to accommodate the user in several
ways. First, it allows the user to examine platform fire and life
safety issues in incrensingly higher degrees of analysis. The screen-
ing procedure follows the same general procedure established for
structural  requalification of offshore platforms proposed by
Williamson and Bea.” Tier | is the initial screening procedure
designed to assess the general state of platform risk with regard to
both level of consequence and the likelihood of incident occurr-
ence. Tier | consists of sets of questions that are considered to be
basic but, at the same time, the most important questions relevant
1o overall platform operations and potential for loss. Depending of
the results of initial screening, a Tier 2 or Tier 3 screening may be
warranted for any given assessment under consideration.

Tiers 2 and 3 consists of supplemental questions intended to
further delineate the state of operations and the relative risk-state
of the platform. Tier 2 and 3 questions have been weighted at
correspondingly lower values than those of Tier |, and are
increasingly more comprehensive and detailed. Consequently, as
FLAIM is applied in higher screening levels, a more detailed level



of understanding and assessment of platform risk is denived.

Throughout the process, the user(s) perfonns two vital roles. First,
the user checks and verifies the applicability of questions identilied
for each screening level in accordance with user preferences and
experiences, e.g., FLAIM is interactive in both its content and in
its application. Second, input to FLAIM is intended to represent a
consensus of opinion, derived from a collective response from those
individuals most familiar with the design and operation ol the
platform and its present exposure to loss. In this sense, FLAIM
draws on industry's present familiarity with the HazOp procedure,
e.g., Hazard and Operability Study, to ensure validity of response
input, but without the cumbersome technical analysis procedures
demanded by HazOp.

Questions have been developed reflecting offshore fire and life
safety experiences, and professional expertise, case histories,
industry recommended practices, regulatory requirements, and
other relevant sources. All together, FLAIM contains over thirteen
hundred questions which users can chose from and add to during
the calibration procedure. Some questions have been identified as
*red-level” questions, e.g., considered appropriate for inclusions
regardless of platform specifics. These questions are automatically
incorp-orated on the assessment worksheets unless the users
intentionally deletes their entry.

Default weightings for the questions have been assigned without
regard to regional factors or unique considerntions that may
significantly influence the evaluation. In recognition of this,
FLAIM has been specifically developed for the ussrs to modify the
weighting values and suggested tier level in order to account tor
unique design operating conditions. This is done during the initial
calibration procedure by the user group.

Calibrating the Worksheets

Much like a hazard and operability study, FLAIM draws on the
experience and knowledge of the users to calibrate the worksheets
at the beginning of an assessment. Once the worksheets have been
calibrated however, data input can be assigned to one or more
persons e.g., the similasity to a HazOp session ends— the are not
laborious group meetings needed to evaluate platform conditions.

The user group's tasks are 1) to reach a consensus on the level of
detail warranted in the screening process (e.g., sclect an
appropriate Tier level for the review), 2) select the appropriaie
questions relevant to the platform under consideration, 3)
determine if any questions have a higher or lower relative
importance {weighting value), and 4) for those guestions in which a
numerical range is involved, assign a value range lo each answer
selection provided in the question. The user(s) may also decide 1o
modify existing questions or add new questions in order to
customize the assessment process to confonm with platfonn
conditions and needs.

Upon completion of the calibration process, the risk assessments
may be completed cither onboard the platform or in the field office

" by one or more persons knowledgeable about platform design and
operations.

Performing the Assessment

The session begins with the meeting facilitator loading and opening
the ELAIM software package. The first window that appears after
FLAIM is started is "Platform Identification Information.” The
user enters the platfonn's name, its location, block, tease numbers.
ete. Next a window will appear asking whether a new platfor
assessment or modification of an existing platform assessment is to
be performed. For example, for a first-time assessment the user
clicks on "NEW;” FLAIM was designed to permit routine
evaluations on 2 scheduled basis in order to detect symptomatic
deteriorating trends as they may develop.

When the user reaches the "Fire and Life Safety Assessments
Options” menu after inputting the prelim-inary information asked
for, eight assessment choices are available corresponding to each
assessment modules as deseribed in FLAIM.

For a new assessment, the user begins with General Factors
Assessmrent (GEFA), and then continues down the list until such
time that all information has been inputted into each assessment
module. FLAIM then calculates the overall fire and life safety
index once all of the appropriate asscssment modules have been
completed, and also determines the difference any changes may
make by calculating a differential risk index.

Summary and Conclusions

The cause and consequence of fires and explosions on offshore
production platforms are extremely complex and highly dependent
on events that may have only indirectly related precedents. Lack of
comprehensive and meaningful statistical data and models on
offshore system failures, human error, organizational factors,
consequence analysis, efc, create a large uncertainty inherent in
applving any predictive hazard analysis technique to a production
platlorm,

FLAMM has drawn on many resources in an effont to combine
detenministic and heuristic considerations into a unified approach
for managing offshore fire and life safety risk. While FLAIM may
be particularly helpful in identifying umportant considerations
heretofore overlooked in the risk assessment process, it ultimately
relies on the subjective probability and judgment of its users’ input
to assess relative states of risk.

It has been observed that objective probability, based on statistical
data, is believed by everyone except by the statistician, whereas
subjective probability, based on experience and judgment, s held
in contempt by everyone except the evaluator performing the
analysis.™  The key to successful use of FLAIM lies in the
selection and training of the assessors to ensure consistency and
uniformity of evaluations. FLAIM was designed to permit
quantification of a mixture of qualitative and quantitative
responses to selected assessment questions. If there is not a clear
understanding of what is meant by a particular qualitative
descriptor, €.g., high, frequently, low, efc., then the validity of that
input response is suspect.

FLAIM's design has sought to minimize this problem insolar as
possible by [frequent use of multiple choice questions that have



specified a value range selection. However, other questions

necessarily ask for the users' general assessment using non-detined
qualitative descriptors. To facilitate a general understanding of
such terms and reduce possible errors due of a risk-communi-cation
nature, it is recommended that cach user group define criteria for
applications of these qualitative des-criptors as part of the FLAIM
worksheet sefup process.

As part of FLAIM's implementation plan, it is recomumended that
all user group-leaders undergo a basic leadership onentation and
training course {i.e., similar to a HazOp leader training cowrse) that
addresses issues of risk communication and the meanings of
commenly used descriptors and criteria employed to characterize
risk and the risk assessment process. User workshops designed to
educate assessors and surveyors in applic-ation of the FLAIM
software package is also suggested.

The quantification of HOE in the maritime industries has only
recently begun to receive the serious attention of researchers. Bea
and Moore™ have made significant progress over the past five years
in developing quantitative models and methodologies for
examining HOE in the operation of marine systems. It is now
generally recognized that only through improving the
characterization and management of HOE risk factors can firther
strides be made to improve the offshore safety record. In this
regard many opportunities exist for further research and
development

At present, there is insufficient data to develop meaningiul
objective probabilistic forecasts for.offshare fires and explosions.
It is believed that FLAIM can provide a basis for development of
such data if used to assist accident and near-miss investigations. In
this regard, it is recommended that further research be devoted
towards developing a protocol and software interface with FLAIM
to facilitate capturing vital information on platform accidents and
near-misses. It is believed that sucl information could easily be
incorporated into the existing structure of FLAIM's architecture in
order to provide interactive access to new or existing proprietary
databases.

Continued work is needed in refining and optimizing FLAIM, as
mentioned in the introductory chapters, this will no doubt occur as
part of its natural evolution through increased usage. However, it
is also believed that a demonstration end validation study should
be performed in the near future that invelves several representative
production platforms from different geographical locations, e.g.,
GOM, Pacific Region, GOA, etc. In this manner, FLAIM's utility
and adaptability can be effectively tested and improved. In this
regard, more aftention is alsc warranted for developing a formal
technique for updating FLAIM with a view towards continually
improving relinbility with each successive use.

The addition of an assessment module addressing lile safety risk
factors specific to those platforms handling hydrogen sullide
containing production fluids would be useful. In addition, further
development of an economic analysis component of the software
package would assist users in the decision making process.

Appendix 1: Risk Indexing Methadologies

FLAIM was developed with specific regard to the CADs criterion
for "valid precedents,” and builds on concepts that have been
successtully employed by major onshore petrochemical companies
and fire safety authorities for over 25 years, using risk indices to
measure and assess ife safety and fire safery risks,  The
application of these techniques to offshore platforms was guided by
principles established by the National Fire Protection Assaciation
for applying system safety techniques™ as a means 1o reach safety
goals.

Various indexing methodologies for safety assessment have been in
us¢ for many years, having their origin in the insurance
underwriting industry where they are sometimes referred 1o as fire
risk assessment schedules. Some of these approaches are well
established and have been spplied to the petroleum/petrochemical
processing industries,” such as the Dow Fire and Explosion
Index™ as discussed below, Other indexing schemes, such as
Muhlbauer's approach™ for pipelines, are relatively new and
remains to survive the test of historical validation. Several
methodologies were reviewed in formulating FLADM's model,
including:

* The Dow Fire and Explosion Index33

* The Mond Fire, Explosion, and Toxicity Index %%

» Purt's Method™

» Gretener's Method™

+ Netson's Fire Safety Evatuation System™

* Muhlbauer's Risk Management Index for Pipelines®®

+ DNVntemnational Loss Control Institute's International Safety
Rating System®

Appendix 2: The FLAIM Algorithm

FLAIM's input data is requested in one of three primary forms: (1)
binary, (2) qualitative "letter grades”, and (3} numerical values.
The following is an explanation of these input values.

Binary Input Data

The binary value system (Bjj) is presented by answering "Yes®
or "No" {(or "Good” or "Bad” ) to the presented questions. The
input value retums a value of 0 or 1 dependent upon the
assignment of the value to the answer (Equation 1).  Any
question that is 10 be answered “Yes™ or "No” in the FLAIM
spreadshee! program is followed by - “(Y/N)."

{Oif "Yes 0if "No"
i=11ie"Ne O Pi T Lqifrves
for question i, assessment j.

Letter Grades

The grade point structure follows along the line of the grade
point structures used in academin. The grade points range from
“A" 1o "F" and are assigned numbers based upon the same 4.0
point grading system used in many academic groding schemes.
The algorithm automatically assigns a numeric value to the grade
point input provided by the user in the spreadsheet (see Table
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A2-1). Questions that directly use the grade point scheme in the
spreadsheet arc provided with a short description of what
constitutes the selection of that grade. The grades are
represented by 0 <njj< 4 {risk assessmnent i, question j).

Numerical Values

Quantitative values (such as barrels of oil per day, millions of
standard cubic feet of gas produced per day, size of operating crew,
etc.) are numeric value inputs. The units prescribed for each inpul
value is provided at the end of each question. This infonmation is
used in the assessment of the relative overall consequence level ol
the platform, as well as for evaluations of specific risk contributing
factors.

Table A2-1- Grade point scheme for platform risk
factors and corresponding numeric values

A - "Excellent” condition of the risk contributing factor
upon the platform fire and/or tife safety (4.0}

B - "Good" condition of the risk contributing factor
upon platform fire and/or life safety (3.0)

C - "Fair* condition of the risk contributing factor upan
platform fire and/or life safety (2.0)

D - "Poor” condition of the risk contributing factor upon
platform fire and/or life safety {1.0)

F - "Bad" condition of the risk contributing factor upon
platform fireandor life safety (0.0)

FLAIM Weighting Structure

To maintain consistency with the grade point scheme, all detault
input values are considered to range between 5.0 and 1.0. This is
equivalent to the concept of the number of "units” that an academic
course is worth. The greater the unit value, the greater the relative
importance of that factor to the grading scheme.

The weighting structure of FLADM's algorithm has two types of
value inputs (wj;) (risk assessment i, question j): (1) dirzet input
value assessment of weighing values, and {2) indirect input value
asscssment, e.g., values generated as part of the algenthm. Direct
inputs are provided by the user's assessment of the relative
importance of that particular factor to fire and life safety on any
given platform. For example, the relative tmportance of the ability
of personnel to escape via the sea for a platform in the Gull of
Mexico (GOM) may be considered a more vilal aspect of the
overall risk management plan than that of a platform located in the
Gulf of Alaska (GOA). Conversely, in areas where weather can be
extreme, "safc havens" for personne] may cfeate a greater need
(and importance) for firewalls with high levels of fire endurance
since escape by water may not be o viable option,

Indirect value assessments can be made through summing the
binary input values (Bijk) which are made up of sets of sub-
questions. There can be between 2 and 23 sub-questions
dependent upon the importance of the factor in question to fire
and/or life safety.

Indirect value assessments are also functions of the numeric input
values. These values are used to weigh the relative importance of
fire and life safety risk. For example, if there is a small crew

contingent aboard the platform, there is a smaller overall risk of
injury or loss of life to personnel than if there was a large operating
crew. Or, for example, production rates (high or low) may have a
great impact upon the loss of containment risk.

The FLAIM Algorithm Value Structure

The primary algoritln structure is in the fonm shown in Eguation
2. This general algonthm structure is similar to that of the
academic grading scheme shown in Equation 3. The grade pownt
average {GPA) is detenmined by swnming the product of the
grades and credits for each course (total of p courses) and dividing
by the total number of credits. This value is the GPA.

n

o=t @
F]
Y. Credi}Grads

GPA= 3)
Credit,

Table A2-2 summarizes the grading structure used for each value
assignment type.

Numeric Value Range Assignments

The numeric value assignments have a pre-defined "value range”
that detenmine the grading structure. Single-question numeric
value assignments have direct value assignments. Multiple-
question numeric value assignment questions use an averaging of
values obtained from each sub-question. As already explained the
user is asked to determine the range values that determine the
grading structure based on the particular platform design and
operation  circumstances  under scrutiny, FLAIM has been
intentionally designed to allow either the user, or the consensus of
a user's group,”! to "catibrate” the risk assessment process.

Binary Value Assignments

The binary input value assignments are given dependent upon
whether the question has a positive or negative impact upon fire
and life safety values. Multiple-binary value assignments are
averaged over the sub-questions to provide an overall grade for that
particular question.

Grade Value Assignments

Single grade value assignments are based directly upon the A-F
structure described in Table 3. The multiple sub-question value
assignments use the A-F gmding scheme. Similar to the numerical
and binary multiple sub-question value assignments a mean grade
value is used by averaging the grade over the number of sub-
questions.

Question Weighting Assignments
In accordance to Table A2-3, default values are assigned to the
weight of each question dependent upon the level of the
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Table A2-2 - FLAIM Algorithm Value Assignments
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Numeric value assignments Binary value assignments Grade value assignments
Single question value assignments Single question value assignments Single guestion value
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(4.0 Xex
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assessment. Certain FLAIM questions have afready been pre-
determined as suggested red-flag or “red-level” questions. These
questions have been deemed to be particularly important to the sate
operations of any offshore platform. Weiglhted value assignments
for these factors are assigned by the user; those guestions identified
of particular importance may be assigned weighting values greater
than those assigned at the Tiers 1-3 levels. However, FLAIM also
allows the user to reassign the suggested default value of any
selected question. If the assigned value exceeds the Tier | level
value of 5, FLAIM automatically designates the question to a "red-
level” status,

Table A2-3 - Value Weighting Assignments
According To Relative Importance

elative Importance of Assessment Default’
Azsessment to Fire Level Assignment-
or Life Safety Aulgnmont ®ii
Red-Level Initial User assigned
High Tier 1 5 (5-4)
Moderate Tier2 3 (3-2)
Low Tier 3 1 2-1)

* Values in parentheses are value assignment ranges for each
assessment level. ‘

Factors from Tier | (initial screening) assessments are assigned the
highest weighted values since they account for the most important

contributing fire and life safety factors specific to the platform
being ossessed.? More detailed Tier 2 and Tier 3 questions arc
weighted correspondingly lower to reflect their relative import-
ance 1o overall fire and lite safety. Though default values are
assigned, FLAIM allows users to modify the value to reflect their
preferences and experiences. Should a Tier 2 or Tier 3 factor be
assigned a higher weight value comparable to that at a level higher
than originally assigned, the user may reevaiuate whether that
contributing factor should be reassigned to a higher Tier level. At
the user's discretion, these values  may be changed to account for
the relative importance of the question as determined by a
consensus of the user group performing the analysis.

Individual FLAIM Assessment Grades

Equation 2 is used to determine the GPA for any assessment j (nj).
A grade value is assigned according to the question type. Each
question is weighted according to its Tier level assignment except
for the critical level where the weighted value is assigned by the
users (1j).

n = —ie— @)

where
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FLAIM's Overall Fire and Life Safety index

To determine the platform's overall Fire and Life Safety Index a
weighted sum of all risk assessment modules is made to determine
the index value. Equation 4 is the weighted assessment used to
calculate the ovesall Fire and Life Safety Index. The weighted

. if question,iassessment j is single question num

5. if question, iassessment | is sfwestion numeric @ =
g if question, iassessment j is single question binar
p

if Tierl
3 Jf Tier2

Jr,-,- if"Red- Level
[ if Tier3

—

assessment procedures nllows the user to take into account the
overall relative importance on any single risk assessment module
relative to each other, e.g.. how GEFA, LOCA, VESA, LACA,
OHFA, RIRA, LISA and SAMSA should be comsidered on a
comparative basis.

5
GPAcwai= Overall Fire and Safety Inde} o;n,  (4)
ja1

5
wherez g, =
jm1 !

FLAIM calculates the overall Fire and Life Safety Index using
equal weighting among all risk assessment modules as a default
condition. This is in recognition of the need to assess each module's
relative weighting value based on the particular platform under
consideration; not because of any implied level of equivalency. For
example, on newer platforms the risk of LOC events due to
mechanical failure may be judged to be relatively low, while the
likelihood of a human error caused accident may be high due 10
simultaneous drilling, production, and construction activities. In
this regard, it is important for the user to establish a unifonn
application of weighting values among groups of similar platforms
in order to derive meaningful results from this procedure. It is
suggested that operators can meet this objective by establishing
their own application criteria that will ensure consistency and
uniformity in the applicaticn of FLAIM.
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representing engineering, operations, maintenance and inspection,
safety, etc. In this manner, bath the rangevalues and weights of
critical questions may be detenmined as deemed appropriated for
the specific region of operations and platform design factors.

4 The basic difference between red-leve! and Tier | questions s
that the former are considered to be questions which are generally
important to the operations of gl oflshore structures, whereas Tier
1 level questions may be specific to the platfonn being analyzed,



Appendix B Human and Organization Factors

Definitions

Human Factor

Definition

Communication Ability

The ability to clearly transmit and receive information

Selection How a person is chosen for a position.
Training Ability The ability to learn a task
Educational Ability The ability to assimilate and apply information from various

Sources

Limitations and

Physical and emotional hindrances

Impairment
Organizational Ability The ability to plan, prepare, organize, and adjust to changes
Experience The amount of work in an industry and on a specific system, to

avoid mistakes, slips, and violations

External Environment

The harshness of the work environment

(Source: Compiled from several sources and are listed at the end of Appendix B.)
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Organization Factors and their Definitions

Organization Factors Definition

Process Auditing Monitoring, and when necessary, taking actions to correct
deviations which lie outside of established norms

Culture Cognitive framework consisting of attitudes, values, behavioral

norms, and expectations shared by organization members

Appropriate Risk Perception Acknowledging that known and unknown risks exists

Emergency Preparedness Mitigating incidents through prior planning and exercises

Command and Control The way decisions are made. Includes migrating decision

making, redundancy, rules, seeing the “big picture,” requisite
variety, and alert systems

Training Devotion to training through money, time, and trainee feed-
back about relevance

Communication Ability to clearly and accurately transmit information
throughout the organization

Resources Availability and accessibility to resources

(Source: Compiled from several sources and are listed at the end of Appendix B.)
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Appendix C - Basic Minimal Questions

Minimal BASIC MINIMAL QUESTIONS for FLAIM II
(Includes FLAIM I questions, updated 28 May 1996)

Purpose: These statements are synthesized from different standards, company policy, and
research. Assessors will assess platforms using these statements and a seven point answer
scale, where 1 is not indicative of this company, to 7 is very indicative of this company.

[Not Indicative Very Indicative
of the Company of the Company
1 2 3 4 5 6 7

(Note: The term, Safety and Environmental Management Program (SEMP) will mean the
same as the Safety Management System (SMS) and the Heaith, Safety and Environment
(HSE) Program. The term, Company, will also mean organization and operator in these
statement.)

(Note: The following is a key to the references: SEMP = API RP75, PFEER = HSE
PFEER, HSEMS = IS0, ISM = ISM Code, Company “X” = a oil company, Op Team and
Organization = Research, FLAIM = FLAIM I questions)

HAZARDS ANALYSIS
(def.: The company requires that a hazards analysis be performed, with the purpose of

identifying, evaluating, and where unacceptable, reducing the likelihood and or minimizing
the consequences of uncontrolled releases and other safety or environmental releases)

1. Hazard Analysis - The company’s current “hazard analysis” is very thorough (Hazard
Analysis API RP 14J/ RP 4C or similar) and includes:

General Factors Assessment (FLAIM B1)

Operational History (FLAIM B5.5)

Fuel Factors (FLAIM B2.1)

Well Bay Factors (FLAIM B2.2)

Import/Export Risers (FLAIM B2.3)

Platform Design Capacity and Operating Factors (FLAIM B2.4)
Accommodations (FLAIM B6.1)

Management Systems Safety Culture Assessment (FLAIM B8 1, B8.4)
(SEMP3 3,3.4,3.5,3.6; PFEER 5; HSEMS 3.4.4, 3.4.1; Company X #2; Op Team #7)

FR M A0 TR

2. Hazard and Risk Reduction - The company has taken immediate steps to reduce
hazards and risks.
(HSEMS 3.4.2, 3.4.3, 3 4.6; and Company X #2)
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3. Process Design Information - The company has a simplified process flow diagram with
acceptable upper and lower limits for temperature, pressure, flow, and composition. It is
available and shows areas of high risks.

(SEMP 2.2, HSEMS 3.3.7.1.D2, PFEER 21, Company X #6)

4. Mechanical and Facilities Design Information - The company designs mechanical and
facilities to meet applicable consensus codes and standards.
(SEMP 2.3, HSEMS 3.3.7.1.D3, PFEER 21)

5. Hazard monitoring - The company monitors work processes and procedures related
to hazards and corrects or improves them.
(Organization #1)

6. Risk - The company acknowledges known risks (by preparation and planning) and
unknown risks( by training personnel to respond effectively to unknown risk and events -
Crisis Management) risks. (Organization #3)

MANAGEMENT OF CHANGE
(def.: The company has established procedures to identify and control hazards associated
with change and maintain the accuracy of safety information.)

1. Change in Facilities - The company takes into account risks when changes in facilities
are made.
(SEMP 4.2, HSEMS 3.5.4.11, Company X #5, and FLAIM B5.3, B8.4)

2. Change in People - The company takes into account risks when changes in personnel
and organizations are made ( to include the use of contractors).
(SEMP 4.3, HSEMS 3.5.4.12, ISM 6.3, Company X #5, and FLAIM B5 3, B8.4)

3. Managing the Changes - The company identifies and manages risks when there are
changes in facilities, personnel, and legislation.
(SEMP 4.4, HSEMS 3.5.4.13, Company X #5, and FLAIM B8.4)

4. Pre-Start Up Review - The company’s management program requires that the
commissioning process include a pre-start up review for new and modified facilities.
(SEMP 9)

AL INTEGRIT
(def.: The company requires that procedures are in place and implemented so that critical
equipment is designed, fabricated, installed, tested, inspected, monitored, and maintained
in a manner consistent with appropriate service requirements, manufacturer’
recommendations, or industry standards.)
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1. Quality Assurance Strategy - The company considers risks when critical equipment are
designed, procured, fabricated, installed, tested, inspected, monitored and maintained.
(SEMP 8, ISM 10, PFEER 19, HSEMS 3.5.2, Company X #3)

2. Mechanical Reliability - The company regularly assesses, tests, and inspects critical
equipment and technical systems which may contribute to high risk. This includes material
compatibility for service conditions of erosion and corrosion. These critical equipment are
examined for their general condition and historical reliability, and includes:

Subsurface Safety Valves (SSSVs)

Instrument & Electrical Systems and Equipment
Compressed Air Systems

(ISM 10.3, 10.4, PFEER 19.4, and FLAIM B2.5, B3)

a. Flammable Gas Compressors

b. Reciprocating Compressors and Drivers
c. Centrifugal Compressors and Drivers
d. Pumps

e. Electrical Equipment

f Fired Heaters

g Storage Tanks and Pressure Vessels
h. Heat Exchangers

i. Piping Systems and Components

i Wellheads and Risers

k. Surface Safety Valves (SSVs)

1.

m,

n.

3. Repair parts are readily available.
(Organization #8}

4. Layout and Configuration - The following items areas on a platform are laid out to
reduce risk from fire and explosion:

a. General Layout
b. Fire compartmentation
c. Locations of accommodation module
d. Separation of Potential Fuel and Ignition sources
e. Well Bay arrangements
f Asrangement of Process equipment
g Flares and Stacks
h. Air intakes
i Emergency Shutdown stations and devices
j Emergency escape capsules/ Life-craft stations
(FLAIM B4)
P PR

(def:: The company requires written operating procedures designed to enhance efficient,
safe, and environmentally sound operations.)
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1. Content of Operating Procedures - The company has procedures that address risks in
the following operations: start-up, normal operations, temporary operations, simultaneous
operations, emergency shutdown and isolation, and normal shutdown.

(SEMP 5 and FLAIM B8.1.2)

2. The company’s operating procedures are effective in minimizing risks and helpful in
preventing loss of containment, fires, and explosions. Their procedures meet or exceed
the requirements of industry regulations.

(Organization #3)

3. Periodic Review - The company periodically reviews operating procedures for risks
and to determine if procedures are simple, unambiguous and understandable (list of items
which may need operating procedures included in references).

(SEMP 5.3 and HSEMS 3.5.3)

4. Plan preparation - The company has procedures for preparing plans and instructions for
key marine system operations and assigns qualified personnel to this task.
(ISM7)

5. Operations and Maintenance - During the operation of wells and facilities, the company
ensures operations are conducted within established parameters (procedures, inspection
and maintenance systems, reliable safety system and contro! devices, clean and tidy
facilities, qualified personnel, and multiple operations).

(Company X #4 and FLAIM B5.2)

TRAINING
(def.. The company has established and implemented training programs so that all
personnel are trained to work safely and are aware of environmental concerns offshore.)

. Resources - The company invests significant amounts of money and time to relevant
and effective hazard prevention and response training.
(Organization #6 and FLAIM B8.1.1 )

2 Personnel Selection and Training - The company recruits, selects, places, assesses and
trains personnel concerning hazards. Training is recorded.
(Company X #7, HSEMS 3.3.4, Op Team #2,3,4,5,6)

3. Initial Training - All personnel are given initial training as listed in the references. This
training includes: Fire Fighting (API RP-14G)
(SEMP 7.2, HSEMS 3.3.42abc)

4. Safework Practices - The company has the following safework qualification criteria for
its personnel:
(SEMP 7.2.2, HSEMS 3.3.4.2¢,f,g,h and FLAIM B8.3)

a. Safety and anti-pollution device training (API RP T-2 and 30 CFR 250 part 0)



(HSEMS 3.3.4.2g and FLAIM B8.3)

b. Crane operations and maintenance (APR RP 2D)YHSEMS 3.3.4.21 and FLAIM
B8.3)

¢. Non-operating Emergencies (API RP T-4) (FLAIM B8.3)

d. Well control training (API RP T-6, RP 59, if Hydrogen sulfide API RP 49 and
55) (HSEMS 3.3.4.2h and FLAIM B8 3)

e. Operating and Maintenance training and on the job training.

f. Hydrogen sulfide training if applicable (HSEMS 3.3.4.2e)

g. Environmental protection and pollution control (guideline UKOOA
“Environmental Training Position Paper”) (HSEMS 3.3.4.2f, g h)

5. Hazards communication training - The company ensures that hazards communication
training for critical work instructions (e.g. hotwork, hot tapping, safe entry,
lockout/tagout, and simultaneous operations), are provided to personnel who are regularly
or occasionally assigned to SEMP tasks.

(HSEMS 3.3.4.2d)

6. Operations Training - The company trains operators to detect hazards (fire and
accumulation of flammable gases), and to combat fire and explosion.
(PFEER 19, HSEMS 3.3 4, and FLAIM B5.4)

7. Competent examiners - The company assigns competent examiners, independent of the
system, to conduct examinations related to hazards. The nature and frequency of
examinations are specified in writing and are given before the start up of new or modified
systems.

(PFEER 19, HSEMS 3.3 .4)

8. Management Training - The company ensures that the senior person on the platform
has been formally trained on hazard prevention and response.
(ISM5,6.1,6.2,64,6.5,6.6)

9. Periodic Training (SEMP 7.3) - The company ensures that refresher training on hazard
prevention is conducted. It also ensures that periodic personal protective equipment usage
is conducted.
(PFEER 18)

10. Communication Training - The company ensures that:
(SEMP 7.4, HSEMS 3.3.6, ISM 6.7)
a. Changes in procedures are followed by training and communications before the
facility is operated
b. Individuals are selected, trained, and exercised on clear communication skills
(Op Team i 1)
¢. Effective communication pervades the company (Organization #7).
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11. Contractor Training - The company ensures that the contractor’s training is
conducted at or above the company’s training standards.
(SEMP 7.5)

12. Designated Person(s) - The company has designated a person(s) who has direct
access to the highest level of management on hazard and risk
(ISM 4)

SAFE WORK PRACTICES

(def : The company has established and implemented safe work practices that are
designed to minimize the risk associated with operating, maintaining, modifying activities,
and the handling of materials and substances that could affect safety or the environment.)

1. Leadership - The senior management of the company emphasizes the prevention of
hazards and reduction of risks through its actions.
(HSEMS 3.1, Company #1, Organization #2, and FLAIM B8.1.2)

2. Policy - The company’s hazard prevention objectives are effective.
(SEMP 6.1,ISM 1.2.2,1.23, 141 and 2, ISM 2.1,2.2; ISM 4, HSEMS 32,3.3.1,33.2,
3.3.3,3.4.5,3.5.1,3.6.1, and FLAIM B8.1.2)

3. Safe Conduct of Work Activities - The company’s safe work practices consider
hazards and risks during the following (to include maintenance and repair work):
(SEMP 6.2 and FLAIM B5.1, B8.1.2)

Opening of equipment or piping

Lockout and Tagout of electrical and mechanical energy sources
Hot work and other work involving ignition sources

Confined space entry

Crane operations

o0 oe

4. Prevention - The company has taken appropriate measures to prevent and reduce
hazards, to include safe work practices, preventing uncontrollable release of flammable or

explosive substances, prevention of ignition of such substances and atmospheres.
(PFEER 9)

5. Control of Materials - The company has procedures for handling toxic or hazardous
materials in order to prevent hazards.
(SEMP 6.3)

6. Contractor Selection - The company obtains and evaluates information regarding a
contractor’s accident record.
(SEMP 6.4, HSEMS 3.3.5, Company X #8)



E Y PONSE
(def.: The company requires emergency response and control plans be in place, ready for
immediate implementation, and validated by drills.)

1. Emergency Response Preparation - The company has emergency response and control
plans in place for L.O.C., fires, and explosions; and are ready for implementation; and
have been validated by drills.

(SEMP 10.1; ISM 1 4.5; PFEER 6,12; Organization #4, and FLAIM B8 .2)

2. Hazards Review - The company has a systematic review and analysis procedure to
identify foreseeable hazard.
(HSEMS 3.5.5 and FLAIM B8.1.2).

3. Emergency Action Plans (EAP) -

a. Loss of Containment, fires, and explosions are planned for in EAPs. The EAPs
assign authority to appropriate qualified person(s), and address emergency
reporting and response, complying with the most current revision of one or
more of the following regulations (as applicable):

1. Emergency evacuation plan - USCG - 33 CFR 146.140

2. Oil, Gas and Sulfur Operations in the OCS - MMS - 30 CFR parts 250
and 256

3. Pipeline Emergency Plans - USDOT - 49 CFR 192 and 195

(SEMP 10.2, ISM 8, and FLAIM B6.2, B8.3)

b. EAPs include fire and explosions caused by Helicopter emergencies and identify
associated emergency equipment (if applicable) (PFEER 7).

c. The actual persons responding to the fire and explosion have been consulted
and have had the opportunity to revise the plan (PFEER 8).

d. Emergency planning and preparedness are conducted to ensure all necessary
actions are taken for the protection of the public, environment, company
personnel and assets from fire and explosions {Company X #10).

4. Command and Control Functions -
a. The structure of the company’s decision making process considers fires and
explosion emergencies (Organization #5).
b. An Emergency Control Center been established to deal with L.O.C., fires, and
explosions (SEMP 10.3).

5. Training and Drills - The company has training and drills that are effective in testing
plans and correcting weaknesses.
(SEMP 10.4, PFEER 8)
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6. Detection of Incidents - Company measures are effective in detecting fires and other
events which may require emergency responses.
(PFEER 10)

7. Communications - Emergency warnings for fires and explosions are (audible and where
appropriate, visual) given to all persons in a system.
(PFEER 11) (PFEER 11.2 - types of visual and acoustic warning signals)

8. Personnel - The company has taken measures to protect persons from the effects of fire
and explosion.
(PFEER 13, 14, 15, 16, 17, 18, 20 and FLAIM B8.2)

9. Emergency Equipment and Systems - The company has evaluated the following fire
and life protection systems:

Platform firewater systems

Firewater distribution systems

Firewater hose stations, hydrants, and monitors

Fixed firewater spray/deluge systems & sprinkler systems

Fire fighting foam systems

Fixed and portable chemical fire suppression systems - gaseous agents
Dry chemical agents

Fire detection systems

Combustible gas detection systems

Alarm and communication systems

Emergency power and lighting

Emergency shutdown (ESD) systems

Pressure relief and vapor depressing (blowdown) systems

Liquid spill control provision

Thermal robustness and passive fire protection systems

Design for explosion protection

o g—FTTEFER MO A0 OTR

p-
(FLAIM B7)

INVESTIGATION AND AUDIT
(def.: The company has established procedures for investigating all incidents with serious
safety or environmental consequences and for auditing all of the above areas periodically.)

1. Investigations Policy- The company has procedures in place to promptly investigate
and report all accidents to help prevent similar incidents.

(SEMP 11.1, ISM 1.4.4, ISM 9, HSEMS 3.6.5; Company X #9; HSEMS 3.6.4, ISM
1.4.3)

2. Investigation - Company investigations address the foilowing:

(SEMP 11.2)
a. The nature of the incident
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b. The factors the contributed to the incident and mitigation actions
¢. Recommended changes identified as a result of the investigation

3. Follow-up - The company distributes findings of an incident investigation to
appropriate personnel and similar facilities. The company has procedures in place to
ensure corrective actions are completed.

(SEMP 11.3, HSEMS 3.6.6)

4. Auditing system -

a. The company has an auditing system in place to ensure that audits for incidents
are accomplished in intervals which do not exceed four years (SEMP 12.1, ISM 1.4.6,
HSEMS 3.6.2, 3.7.1, and FLAIM B8.1.1, B8.1.3 [Safety Assurance Program]).

b. The company ensures that personnel carrying out these audits are independent
of areas being audited.(ISM 12 and FLAIM B8.1.1)

3. Audit Reporting - The company has procedures in place to ensure that audit findings
relating to incidents are provided to appropriate personnel, and that actions are taken to
resolve inadequacies. Audit reports are retained until the completion of the next audit.
(SEMP 12.2, HSEMS 3.6.3)

6. Documents - The company maintains document control.
a. Procedures are established to ensure the control of all documents and data
relevant to incidents are:
(1) available to all at relevant locations
(2) changes to documents are reviewed and approved by authorized
personnel,
(3) obsolete documents are promptly removed,
(4) documents are kept in an effective form and carried onboard systems
(ISM 11, HSEMS 3.3.7.2, and FLAIM B8.1.2)

b. A Safety Management Certificate, if applicable, has been issued for the system
and is periodically verified(ISM 13)
c. Certificates of Exemption are not required for this system (PFEER 22).
d. The company maintains the following controlled documentation:
(1) Environmental and location information,
(2) Structural Information, and
(3) Well design information (HSEMS 3.3.7.1D4, DS, D6)

7. Reviewing - The company’s senior management, at appropriate intervals, review the
hazard prevention and response measures.
(HSEMS 3.7.2)
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Homework:

Appendix D - Training Plan

FLAIM H documentation sent to assessors before the 2 day training program to include:
1). Summary description of the project (goals, objectives, approach), 2). Summary
description of the FLAIM II modules, 3) Background information on Human and
Organizational Factors, 4). Flow diagram for the FLAIM II methodology, 5) Flow
diagram for the relational data base system of FLAIM II, 6). List of the ‘first level’
questions in FLAIM I1, 7) a summary of the assessment of likelihoods and consequences
in terms of Risk, 8). a flow diagram of the phases of the assessment, and 9). an
illustration of an application of FLAIM II assessment on a platform for loss of

containment accident.

Training Day 1

0800 to 0815
0815 to 0915
0915 to 1000
1000 to 1015
1015 to 1200
1200 to 1300
1300 to 1430

1430 to 1445

1445 to 1630

1630 to 1700
1700

Training Day 2

0800 to 0830
0830t0 1100

1100 to 1215
1215 to 1245

1245 to 1545

1545 to 1615
1615 to 1700

Introductions (Paragon)

Video of Mobil - North Sea Piper Alpha (Paragon)

Discussion of the Video (Paragon, UCB)

Break

Human and Organizational Factors (Profs. Roberts and Bea)

Lunch

FLAIM II Project Goals and Objectives, Overview of FLAIM II
Methodology, Assessment Phases, Scales, and Indexing
(Hee)

Break

Walk through example application of assessment of platform A
(Paragon)

Feedback on the day of training

Adjourn

Feedback on prior day’s training

Walk through example application of assessment of platform B
(Paragon)

Lunch

Brief for afternoon example, platform C, to be assessed by teams
(Paragon)

Teams perform assessment of platform C using FLAIM II
computer program (Paragon)

Review and discussion of assessment of platform C

Feedback on training and improvements to FLAIM 11
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Appendix E - Marine System Candidates

Test Platforms/Terminals
(Example Candidates)

P-1) 4 Leg Gas/Oil 1980°s Platform
P-2) 8-12LegOQil 1970’s Platform, Shallow water
P-3) 8 Leg Gas Processing 1980’s Platform

P-4)  Deep water Oil and Gas 1990°s Platform

MT - 1) Richmond Marine Terminal

MT - 2) EI Segundo Marine Terminal
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