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ABSTRACT 
Due to the high risks associated with the operation ofoffshore drilling and production 

platforms, the potential for catastrophic accidents are substantial. Over 80% of high 

consequence marine accidents are the result ofcompounded human and organizational 

error (HOE), and 80% ofthese accidents occur during operations. There are currently 

no structured quantitative analysis methods by which engineers can examine 

alternatives to better manage HOE in operating offshore platforms. Such methods 

could assist designers, operators and regulators in developing human error tolerant 

systems and identifying low tolerance critical paths which potentially result in catas

trophic accidents. Through formal reliability analyses, the impacts ofHOE and HOE 

management alternatives can be ex.amined to determine how checks and balances can be 

assigned to reduce the incidence of HOE, and to take advantage of "early warning 

signs" to interrupt catastrophic compounding of these errors. 


INTRODUCTION 

The sources of a majority (generally more than 80%) of high-consequence offshore platform acci

dents can be attributed to compounded human and organizational errors (HOE) [l, 2]. These er

rors can occur in design, construction, and operations phases. HOE that occurs during the opera

tions phase accounts for approximately 80% of the major incidents. Recent examples include the 

Occidental Piper Alpha North Sea platform explosions and fire (167 workers killed), and the 

Odeco Ocean Ranger capsizing off Newfoundland (84 workers killed). 


Traditional engineering of marine systems has focused primarily on the structure and equipment 
aspects, ensuring the proper amount of structural materials is in place, suitable functioning equip
ment is provided, and the structure is constructible and serviceable for its intended purposes. 
Given that something in excess of 80% of failures of these systems are the result of human errors 
(Figure 1), it is timely for engineers and regulators to begin to formally engineer people and orga
nizational considerations into design, construction, and operation of structures. 

At the present time, there is no structured quantitative method to assist engineers in identification 
and evaluation of effective strategies to either design human error tolerant systems or include con
sideration of the potentials for human and organizational errors as an integral part of reliability 
assessments. Those critical of the use of reliability based methods in engineering structures cite the 
omission of consideration of the "human aspects" as a primary obstacle to meaningful applications 
of reliability methods [3]. 

This paper discusses the impact of human and organizational error on operational reliability of off
shore platfonns. It examine how probabilistic risk analysis (PRA) is used as a tool to evaluate the 
impact of HOE and HOE management alternatives. In addition, PRA modeling is a valuable tool in 
learning how to take advantage of "early warning signs" to interrupt catastrophic compounding 
through formal reliability modeling [ 4-6). 
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HOE PROJECT BACKGROUND 
Two years ago, after comple~g a reliability study for the Occidental Piper Alpha replacement 
platform, the senior author in cooperation with Professor Elisabeth Pate-Cornell initiated a year
long pilot project to develop a first-generation HOE - PRA analysis procedure. The procedure 
addressed errors involved in design, construction, and operation of fixed offshore drilling and 
production platforms, with an emphasis on the organizational aspects and the design phase. The 
results of that work are summarized in reference [1]. 

During the past year, the authors have been conducting a research project that will further develop 
and verify an HOE - PRA analysis procedure directed at operations of marine structures, and 
specifically, floating marine structures (e.g. tankers and floating drilling and production systems). 
At the present time, the two-year project is sponsored by the California Sea Grant program and 
seven other government - industrial organizations that are acknowledged at the conclusion of this 
paper. 

In the first year of the project, the effort is directed at identification, acquisition, and analysis of 
well-documented case histories of high consequence tanker and offshore platform accidents whose 
root causes are founded in operations HOE. The objective of this work is to develop an organi
zation and classifcation of the sources of HOE, and to develop data bases that can be used to quan
tify the rates of HOE. An analytical framework is being developed that will allow evaluations of 
the interactions of HOE errors in causing accidents. 

In the second year of the project, the effort is directed at the verification of the quantiatative analy
ses, and develof>ment of examples that will demonstrate the effectiveness (costs and safety bene
fits) of various alternatives to reduce incidents of high consequence HOE. 

This paper summarizes some of the key observations, insights, and analytial procedures that have 
developed as a result of the first two years work. These observations, insights, and analytical pro
cedures are based on the results of a large number of other researchers that have been studying this 
problem for the last 10 years (consult list of references). The authors have been given significant 
direction and HOE data by a number of individuals and organizations with extensive backgrounds 
in the field of marine safety, and in particular, the operations HOE related aspects of that safety 
(e.g. U.S. Coast Guard, National Transportation Safety Board, Human Factors Group at NASA 
Ames, High Reliablity Organization Project Group at the University of California at Berkeley). 
Their direction and assistance is gratefully acknowledged. 

As this paper develops, it will be apparent that there are three major players in the HOE reliability 
problem: 1) humans (individuals), 2) organizations (groups of individuals), and 3) systems 
(structures, equipment). The field of "ergonomics" has largely developed to address the human 
system interfaces. This work is an expansion of that focus to include the interactions of all three 
components. 

The second observation that will develop during this paper is that there are two complimentary ap
proaches to the evaluation and management of HOE in improving reliablity: 1) qualitative and 2) 
quantitative. Both of these approaches have benefits; our work indicates that they both should be 
mobilized to identify how and where to improve HOE management. One approach (qualitative) 
can and should form the framework for the other (quantitative). 

A third observation regards the complexity of the problems of interactions of humans, organiza
tions, and systems; this is not a simple problem. Funher, there is little definitive or hard data to 
help engineers evaluate or analyze such problems. Data on human performance in different tasks 
under different constraints and environments is only beginning to be assembled. 



Well then, is what we have to work withready fo~ applications? In the authors opinion and expe

rience, the apswer to ttiat question is a demonstrable yes. The reason for this opionin is that in our 

experienc~ it is the process of evaluation, assessment, analysis, and alloclltion of safety resources 

that can be dramatically improved with the present state of development in HOE reliability man

agement procedures. The principal objective of the explici introduction of HOE 

considerations into conventional reliablity analyses is to help identify critical 

weaknesses in the bumann, organization, and systems that are being designed, 

constructed, and operated, and then to give one a basis to evaluate and justify al

ternatives to improve the re1iablity of marine systems. Our record of marine 

safety attests to the fact that this must be done if the industry is to make major 

improvements in the reliability of its systems. 


ACCIDENT ORIGINS 

As shown in Figure l, high consequence accidents can be the result of a number of events. The 

first distinction is between environmental factors and human factors. Catastrophic accidents due to 

environmental factors can be the result of failures which excee.d the "reasonable" demands of the 

structure during its lifetime. For example, observing the 1000-year wave during the lifetime of a 

structure which has been designed for the 100-year wave, or failure due to earthquake far in excess 

of the platform design capacity. These types of failures can be thought of as unavoidable "acts of 

god". · 


High consequence accidents resulting from human errors can be differentiated into design, con

struction and operations. Accidents can be the result of improper design and construction of the 

system. For ex!rnple, primary contributors to the capsizing of the Alexander Keil/and (123 work

ers killed) were the lack of redundancy (design) and cracks (construction) in the structure [7]. 


Accidents resulting from operations can be categorized into societal (cultural), organizational, in

dividual, and systems errors. Societal values can substantially influence the frequency of human 

and organizational errors. Expedient offshore development in the United Kingdom, resulting from 

economic crises of the l 960's and l 970's, led to limited safety regulation and significantly high 

rates of accidents [8, 9]. Organizational structure has been found to impact on operational reliabil

ity for offshore platforms in previous studies [ 1, 10]. For example, errors in management deci

sions resulted in the loss of the Odeco Ocean Ranger and the excessive loss of life aboard the drill

ship Glomar Java Sea (82 workers killed) [6, 11]. Individual errors are those which are made by a 

single person which results in the accident. The chain of events which led to the Occidental Piper 

Alpha accident were initiated by an unfinished maintenance job in the gas compression module 

[12]. Errors can also be observed with human-system (equipment, structure) interfacing, these are 

described as system errors. System errors can be attributed to design errors and result in an opera

tor making improper decisions. System errors led to the loss of the ballast control aboard the 

Odeco Ocean Ranger and emergency system failure aboard the Occidental Piper Alpha [6, 12]. 


HUMAN ERRORS 

Human errors have been shown to be the basic cause of failures of many engineered systems [ 1, 2, 

6, 13-17]. Figure 2 [2] summarizes the causes of severe accidents involving fixed and mobile off

shore structures used in development of off shore hydrocarbons during the period 1970-1984 [ 16]. 

Less than 20% of the causes of severe accidents involving these marine structures can be attributed 

to the environment. The rest of the causes are initiating events such as groundings, fire, explo

sions, and collisions. In almost all of these cases, the initiating event can be traced to a catas

trophic compounding of human and organizational errors [6, 15, 18, 19]. 


Table I shows a taxonomy of a number of factors which can result in human errors. The errors 

range from those of judgement to "ignorance, folly, and mischief' [ 17]. These errors are magni

fied and compounded in times of stress and panic [6, 15, 18, 19]. As shown in Figure 3, optimal 

performance levels are observed at an "appropriate level of arousal" [12). The human performance 
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Figure 1: Breakdown of accident origins 
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levels vary between individuals depending upon training levels, complexity of the operating sys
tem, and basic variability between individuals. Nevertheless, performance is observed to deterio
rate when pressure levels are either too low or high. For example, times of high pressures could 
be effected by stress or panic while low human performances could be the result of boredom or 
laziness. Both extremes can contribute to increase the incidence of human errors. 

Table I: Human Error Factors 

Fatigue Wishful thinking Bad judgement 

Negligence Mischief Carelessness 

Ignorance Laziness Physical limitations 

Greed Drugs Boredom 

Folly Mischief Inadeqate 
training 

• 


....Sll_c_ll.-.___.,_....,-+.-.---H-Ol&ll_ll_J,-..P~URE.. ,,_,.,. 

Figure 3: Human performance function (201 

Modelim~ a Simple Mishap 

Studies of the role of human errors in the reliability of engineered structures indicates that human 

errors and imperfections basically are inevitable [2, 21, 22]. Figure 4 provides a schematic de

scription of a simple mishap. Once a mishap has been initiated, the objective is to return the sys

tem to normal before it reaches a critical threshold. 


A mishap is differentiated into three psychological factors: perceiving, thinking, and acting. The 

perception stage begins with initiation of the mishap. The initiation of the problem is followed by a 

warning signal (see Figure 4). The warning is then perceived and the source of the problem is rec

ognized. The thinking stage begins with the identification of the problem and decisions regarding 

the proper course of action are evaluated. The mishap is aced upon with execution of a plan and 

the system is returned to a normal operating status or escalates to a critical state. 
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Though errors occur, they are influenced by cultural and moral values, corporate responsibilities 
and organizations, and individual training, craftsmanship, and integrity. The individual, organiza
tions, and societies all play irnponant roles in human errors which lead to dangerous states and can 
result in catastrophic consequences . 

- .._o1- 
~ .,....,.... TIME 

• 
 Figure 3: A simple model of a mishap 

ORGANIZATIONAL ERRORS 
The analysis of past decisions regarding the operations of offshore platforms provides numerous 
examples of instances in which organizational failures have resulted in failures of marine systems 
[ 1, 6, 14-16, 19]. Either collections of individuals (organizations, societies) or individuals 
(unilateral actions) contribute to accident situations. Failures can occur as a result of an organiza
tion's or an individual's willingness to take a calculated risk [23, 24]. Failures can result from dif
ferent types of inevitable errors that can be corrected in time, provided they are detected, recog
nized as errors, and corrective action is promptly taken (see Figures 2 and 4). Failures can also 
occur as the result of errors or bad decisions, most of which can be traced back to organizational 
malfunctions. Table Il shows a number of factors which can have negative effects on organiza
tional reliability. For example, the goals set by the organization may lead rational individuals to 
conduct operations aboard a platform in a manner that corporate management would not approve if 
they were aware of their reliability implications [25-27). Similarly, corporate management, under 
pressures to reduce costs and maintain schedules, unknowingly may not provide the necessary re
sources required to allow adequately safe operations. 

Table II: Organizational Error Factors 

Time pressures Culture Incentives 

Cost - profit incentives Morale Communications 

Regulatory requirements Promotion - Recognition Production orientation 

Generally, two classes of problems face an organization in making collective decisions that result 
from sequences of individual decisions: information problems (who knows what and when?), and 
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incentive problems (how are individuals rewarded, what decision criteria do they use, how do 
these criteria fit the overall objectives of the organization?) [24, 28]. In developmC!J.lt of programs 
to improve management of HOE, careful consideration must be given to information (collection, 
communications, and learning) and incentives, particularly as they affect the balancing of several 
objectives such as costs and safety under uncertainty in operations of offshore platforms [17, 29]. 

The structure, the procedures, and the culture of an organization contribute to the safety of its 
product [26, 28) and to the economic efficiency of its risk management practices [17, 30]. The or
ganization's structure can be unnecessarily complex and demand flawless performance. This can 
result in little or no credible feedback to the upper levels of management The resulting safety 
problem is that there may be inconsistencies in the decision criteria (e.g. safety standards) used by 
the different groups for different activities. This can result in large uncertainties about the overall 
system safety, about the reliability of the interfaces, and about the relative contribution of the dif
ferent subsystems to the overall failure probability [4, 14, 31]. 

Organization and management procedures that affect system reliability include, for example, paral
lel processing such as developing design criteria at the same time as the structure is being designed, 
a procedure that may or may not be appropriate in economic terms according to the costs and the 
uncertainties [l, 2). 

The culture of the organization can also affect system reliability [17, 24, 29]. For example, the 
dominant culture may reward risk seeking (flirting with disaster) or superhuman endurance 
(leading to excessive fatigue), an attitude that in the long run may prove incompatible with the ob
jectives of the otganization. Another feature may be the lack of recognition of uncertainties leading 
to systematic biases towards optimism and wishful thinking [19, 32]. 

SYSTEM ERRORS 
Errors can also be exacerbated by poorly engineered systems that invite errors. Such systems are 
difficult to construct, operate, and maintain [13, 14, 21]. As shown in Table III, system error fac
tors include latent errors in design that do not surf ace until active errors are initiated in operations 
[33]. New technologies compounds the problems of latent system flaws. Complex design, close 
coupling (failure of one component leads to failure of other components) and severe performance 
demands on systems increase the difficulty in controlling the impact of human errors even in well 
operated systems [34]. Emergency displays have been found to give improper signals of the state 
of the systems [12, 15, 34]. Land based industries can separate independent subsystems whose 
joint failure modes would constitute a total system failure. System errors resulting from complex 
designs and close coupling are more apparent due to spatial constraints aboard platforms and other 
similar types of marine systems (e.g. ships). 

Human performance is a function of the lead time available to respond to warnings in the system. 
Errors are compounded by the lack of effective early warning systems [5]. As observed in Figure 
4, if the lead time is short, there is little time allowance for corrective action before the situation 
reaches a critical state. On the other hand, if the system is too sensitive causing frequent false 
alanns, operators will eventually cease to respond to the warning signals. 

Table III: System Error Factors 

Complexity Latent flaws Severe demands 

Close coupling - Small tolerances False alarms 
non-redundancy 
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Figure 4: Danger buildup function [S] 

ALTERNATIVES TO IMPROVE MANAGEMENT OF HOE 
In many cases, a combination of human, organization, and technical (system), modifications can 
improve the overall safety level. Tables IV list some effective human, organizational, and technical 
factors which C¥1 benefit operational reliability. 

Table IV: Error Management 

HUMAN ORGANIZATION SYSTEMS 

Selection 

Training 

Licensing 

Verification 

Incentives 

Job design 

Resource allocation 

Communication systems 

Decision maldng 

Process orientation 

Integrity 

Accountability 

Human tolerances 

Redundancy 

Early warning systems 

Damage tolerances 

Given a catastrophic failure, technical modifications are frequently proposed to "fix the problem." 
An example is the legislation requiring double-hull tankers following the Exxon Valdez disaster. 
Technical modifications, however, represent only one class of risk management strategies. When 
a system's failure is studied after it occurs, it is often obvious that what resulted in a technical fail
ure was actually rooted in a functional failure of the organization and the human operators [24, 36]. 
Organizational modifications may address some of the reliability questions at a more basic level 
than strengthening the engineering design alone. They include, for example, improving communi
cations, setting effective warning systems, and ensuring consistency of standards across the orga
nization. 

PROBABILISTIC RISK ANALYSIS 
If HOE affect a subsystem whose functioning is not highly critical, their effect on the overall sys
tem reliability may be minor and may not justify profound human or system changes. However, 
complex interactions of relatively independent subsystems can substantially effect overall system 
reliability due to system complexities and tight coupling [34]. Ifdeficiencies affect a subsystem or 
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a complex interaction of subsystems whose failure constitutes a system failure mode, it is urgent to 
address the problem at its human and sy~tcm origins. To permit evaluations of the interactions of 
the human and system components, it is desirable to organize and assess these features in a prob
abilistic risk analysis (PRA) [ 14] . This allows one to develop insights into the urgency of reme
dial measures, to evaluate alternative remedial measures to improve safety, and to set priorities 
among HOE problems to be addressed. 

A PRA for engineering systems allows identification of the weakest parts of a system through 
qualification of the probabilities of the different failure modes [13]. Event tree modeling, a fonn of 
PRA, has been found to be an effective method to analyze contributions of individual accidents to 
risk associated with offshore operations (37]. This technique permits setting priorities among 
possible modifications aimed at the reduction of the failure risks and, therefore, optimal allocation 
of limited risk management resources. , 

The general method is to integrate elements of process analysis and organizational analysis in the 
assessment of the probability of system failure (1, 2, 32]. Figure 5 provides a schematic descrip
tion of the structure of this integration model. The first phase (which does not appear in this dia
gram) is a preliminary PRA to identify the key subsystems or elements of the system's reliability. 
The second phase is an analysis of the process to identify the potential problems for each of the 
subsystems and their probabilities or base rates per time unit or per operation. 

PROBLEMS NAnJR.E OF 

SUB SYSTE PROBLEM 


o@! oE5: 
PROCESS ANALYSIS ORCANIZATIONAL ANALYSIS PROBABn.Jmc RISX ANALYSIS 

~ORRECTJv; EXTERNAL
ACTION LOADS 

SYSTEM 
FAILURE 

oe::oF 

Figure 5: Event tree showing the structure of the generalized reliability model [1] 

Given that a basic error occurs, the next phase is an analysis of the organizational procedures and 
incentive system to determine their influence on the occurrence of basic errors and the probability 
that they are observed, recognized, communicated, and corrected in time (i.e., before they cause a 
system failure). 

The result of these three phases is a computation of the probabilities of the different systems' states 
corresponding to possible types of structural defects and, therefore, to different levels of systems' 
capacity. The fourth phase involves a return to the PRA for the physical system and a computation 
of the probability of failure for each capacity level corresponding to the different system states. 

The overall failure probability is then obtained. It explicitly includes the possibility of weaknesses 
in the different subsystems due to organizational structure. These different models (process, or
ganization, and final.PRA) are integrated using an event tree [6, 35] or influence diagram [38] to 
compute the failure probability under different circumstances (e.g., occurrence and correction of a 
given problem in the process). We propose here to quantify the benefits of organizational mea
sures using PRA as a starting point. 

One can quantify the costs and benefits of HOE reliability management measures using PRA [6. 
14, 35]. The analysis of a system's reliability allows identification of its failure modes and compu
tation of their probabilities. It permits a decision maker to choose technical solutions that maximize 
an objective function (costs and reliability) under resource constraints [17, 29). These solutions 
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include, for instance, the choice of operating procedures and equipment that minimize the probabil
ity of failure during..the lifetime of a structure under constraints of safety budgets, costs, time to 
completion, production level, structure location and general type. The results of the analysis can 
provide valuable insights into where scarce safety resources can best be deployed to achieve the 
largest improvements in safety. 

' 
Operations Example · 

An example will help illustrate the basic tenants of a HOE PRA. The example is the installation of 

an emergency shut down (ESD) valve in an existing pipeline. Three HOE management alternatives 

will be considered: Alternative 1 - using the present system, Alternative 2 - modest improvements 

in the planning, training, and supervision involved in the operation, and Alternative 3 - major im

provements in planning, training and supervision. 


It is of interest to note that in the recent past, a major fire developed and destroyed a Gulf of 

Mexico platform during the installation of an ESD into an existing pipeline [39]. 


Based on data that has been developed on the performance reliability of each of these three alterna

tives Table V summarizes the probabilities of a successful operation in each of the stages of in

stalling the ESD. 


Table V: Probabilities of Successful Operations 

Phas: of Operation Alternative 1 Alternative 2 Alternative 3 

Adequate Planning of 
ESD Installation 0.50 0.75 0.875 

Adequate Purging of Pipeline 0.50 0.75 0.875 

Detection of Hazardous 
Hydrocarbons 0.50 0.75 0.875 

Suppression of Explosion and 
Fire 0.50 0.25 0.125 

Extinguishment of Fire Before 
Significant Damage 0.50 0.75 0.875 

The probabilities of successful operations of Alternatives 2 and 3 were based on one and two 
levels, respectively, of checking of the normal operation characterized as Alternative 1. The prob
ability of successful detection and correction of error signals developed in each phase of the opera
tion in Alternative 1 (no checking) was assigned a probability of 0.5 and in Alternative 2 (1 level of 
checking). The same probability of detection and correction was assigned in Alternative 3 (2 levels 
of checking). 

In an actual PRA these probabilities would be based on results from studies of operations compa
rable to those of Alternative 1 and of the likelihoods of checking and corrective action given speci
fied procedures for such actions. At the present time, such data is generally lacking for HOE PRA, 
and this poses one of the major hurdles to the performance of realistic quantitative analyses. Some 
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organizations have begun to develop such information [e.g. 11, 16] and more will be developed in 
the course of the research work cited summarized in the Background section of this paper. 

Figure 6 shows an event tree for the installation of an ESD valve in an oil pipeline. The event tree 
distinguishes between decisions and events at various states of the system. Table VI summarizes 
the results of the HOE PRA indicating the probabilities that fires caused by the ESD installation op
eration are not extinguished before there is significant damage to the platform. In addition, the es
timated costs associated with the installation of the ESD using each of the operations alternatives is 
shown together with the expected total estimated costs associated with fires. The costs associated 
with the fires have been estimated at between $1 million and $2 million. 

INSTALL EDS VALV! 
IN on. PIPEUNE! 

y., Mtavak elanr 

y,. No 

Yu No 

y,. No 

NF NF NF F NF NF NF NF F NF 

Extjngujsb? 

NoFoibln 
(NF) 

Figure 6: Event tree for installation of ESD valve in oil pipeline 


Table VI: Probabilities for expected costs for operational alternatives 


Operation Probability Estimated Expected Expected 
Alternative of Fire During Initial Cost Total Cost Total Cost 

Operation $ l,OOO's $ l,OOO's $ 1,000's 
($1 million ($2 million 

damage cost) damage cost) 

Present System 0.0625 50.0 112.5 175 

Moderate 0.0081 60.0 68.1 76.2 
Improvements 

Major 0.0001 80.0 80.1 80.2 
Improvements 

As shown in Figure 7. the increase in initial cost to make radical improvements to the operations to 
reduce the probability of fire during the ESD installation ($30,000) does not apper to be economi
cally justified. The $10,000 investment to make moderate improvements appears to be well justi
fied by the range of reduction in expected total costs. Additional study could be performed to de

11 



tennine which of the changes in the operations phases are most effective at reducing the likelihoods 
of fires. 

• Expected Initial cost 
• Expected total cost • Sl mllllon In damace 
• Expected total cost • $2 million In damace 
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Figure 7: Probability of fire during ESD installation vs. expected cost 

Influence Diderammine 
Influence diagramming is a form of PRA modeling which allows flexibility in examining HOE and 
HOE management alternatives. There are distinct advantage for using influence diagramming for 
PRA. In standard decision tree analysis, decisions are based on fill preceding aleotory and decision 
variables [40]. However, in not all information is available to a decision maker and information 
may come from indirect sources or not in the specific order in which the decision tree is modelled. 
When using influence diagramming all nodes need not be totally ordered. This allows for decision 
makers who agree on common based states of information, but differ in ability to observe certain 
variables in the diagramming [40]. 

SimDle mode1in1: an offshore ODeration 
With the influence diagramming program DAVID©, the following example examines the impact of 
weather upon decisions to operate or evacuate a platform. There are costs associated with evacuat
ing platforms which include lost production, the cost of evacuation, and most importantly loss of 
life. In regions where environmental conditions are highly variable during certain times of year 
(i.e. Gulf of Mexico, North Sea, South China Sea), it is important to use take advantage of 
weather information to make effective evacuation decisions. 

Figure 8 is graphical representation of such a model. Oval nodes represent probability distribu
tions while the square represents a decision node. The cost node represents the final expected 
value of the model. 

Offshore weather condition influence four other sets of variables in the model. First, the offshore 
weather forecasts are dependent upon environmental events which are observed at some time be
fore the weather pattern reaches the platform. Though it is impossible to predict exact weather 
conditions, the reliability of previous weather forecasts can be used to determine the their reliabil
ity. The reliability of weather forecasts can be easily determined using Bayes' Rule: 
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P[WIWF] = P[W] P[WFIWJ 
P[WF] ( 1) 

where, Wis the observed weather, WF is the weather forecast. The probabilities of each the 
weather and weather forecasts are easily obtainable through hindcast data as well as the weather 
pattern probability given the forecast. For simplicity, three weather conditions are used for the 
model: normal conditions, low severity storm, and high severity storms. Table VII represents the 
weather patterns and reliability of weather forecasts in a specific off shore region. 

Second, the cost of an accident is directly dependent upon offshore weather conditions. The cost 
of a platform failure is dependent upon the severity of the weather in which it failed. Failures due 
to severe storms are likely to have a greater loss in both manpower and equipment. Table VIIl de
scribes the failure costs representative of the events which can be observed for an imaginary plat
form. 

Third, operational accidents are affected by weather patterns (e.g. mobile offshore drilling units 
which rely on humans to carry out stability procedures directly). For this example, operational ac
cidents are separated into blowouts.fires. and other. 

In addition, the operation of the rig is dependent upon the weather forecast. The choices at this 
decision node are to operate or evacuate the rig. Both the probability of an operational accident and 
cost of an accident are dependent upon the decision to operate the platform. These are represented 
by the arcs from the operate rig node to both the operational accident and cost nodes. 

Operational accidents affect both the platform integrity and the cost of the accident If the accident 
is severe enough it can cause a total platform failure. Table IX shows the probabilities of the types 
of operational accidents dependent upon the two conditioning variables: the weather and the deci
sion to operate the rig. The cost of the accident is dependent upon the magnitude of the accident. 

Finally weather conditions affect the platform integrity. It is presumed that normal weather condi
tions do not affect platform integrity though low and high severity storms can affect platform reli
ability. Platform integrity is distinguished between operational and failure. Table X shows ihe in
fluences of both weather conditions and operational accidents on platform integrity. 

Figure 8: Influence Diagram of Rig Operations During Various 
Weather Conditions 

13 



Table VII: Weather and weather forecasting probabilities 

Weather condition 


Normal condition (NC) 


Low Severity Storm (LSS) 


High Severity Storm (HSS) 


NC forecast given NC weather 


LSS forecast given NC weather 


HSS forecast given NC weather 


NC forecast given LSS weather 


LSS forecast given LSS 

weather 


HSS forecast given LSS 

weather 


NC forecast given HSS weather 


LSS forecast given HSS 

weather 


HSS forecast given HSS 

weather 

· Table VIII: 

Eyent 

Evacuation(EV) 

Total loss of rig(TL) 

Blowout(BO) 

Fire(FR) 

Other(OTH) 

Loss of Life: 

NC 

LSS 

HSS 


Additional damage due 
to high severity storm 

Probability 

P(NC)=.96 

P(LSS):.03 

P(HSS)=.01 

P(NCINC)=.9 

P(LSSINC):.09 

P(HSSINC):.01 

P(NCILSS)=.3 

P(LSSILSS):.5 

P(HSSILSS)=.2 

P(NCIHSS):.l 

P(LSS (HSS)=.4 

P(HSSIHSS)=.5 

Cost of Failure Events 

Cost ($) 

$ 100,000 

$ 4,000,000 

$ 1,000,000 

$ 1,000,000 

$ 1,000,000 

$ 1,000,000 
$ 2,000,000 
$ 3,000,000 

$ 500,000 
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Table IX: Conditional probabilities of operational accidents 

Conditions 

BO given operating rig (OR) and 
NC 
FR given OR and NC 

OTU given OR and NC 

NO ACCIDENT (NONE) given 
OR and NC 
BO given OR and LSS 

FR given OR and LSS 
OTU given OR and LSS 
NONE given OR and LSS 

BO given OR and USS 

FR given OR and USS 

OTU given OR and USS 

NONE given OR and USS 

NONE given EV and NC 

NONE given EV and LSS 

NONE given EV and USS 

Probability 

P(BOIOR,NC)=.015 

P(FRIOR,NC)=.03 
P(OTUIOR,NC):.005 

P(NONEIOR,NC)=.95 

P(BOIOR,LSS)=•.03 

P(FRIOR,LSS)=.06 
P(OTUIOR,LSS):.01 

P(NONEIR,LSS)=.9 

P(BOIOR,USS)=.045 
P(FRIOR,USS)=.09 

P(OTUIOR,USS):.015 

P(NONEIOR,USS)=.85 

P(NONEIEV ,NC)= 1 

P(NONEIEV,LSS)= 1 

P(NONEIEVUSS)= 1 
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Table X: Conditional probabilities of platform integrity 

Condition 

OPERATIONAL (OP) given NC and B 

FAIL URE (FA) given NC and B 

OP given NC and F 
FA given NC and F 

OP given NC and OTH 

FA given NC and OTH 

OP given NC and NONE 

OP given LSS and B 

FA given LSS and B 

OP given LSS and F 

FA given LSS and F 

OP given LSS and OTH 

FA given LSS and OTH 

OP given LSS and NONE 

FA given LSS and NONE 

OP given HSS and B 

FA given HSS and B 

OP given HSS and F 

FA given HSS and F 

OP given HSS and OTH 

FA given HSS and OTH 

OP given HSS and NONE 

OP given HSS and NONE 

Results of the jnOuence dia2ram 

Probabilities 

P(OPINC,B)=.95 

P(FAINC,B}:.05 

P(OPINC,F):.93 

P(FAINC,F)=.07 
P(OPINC,OTH)=.95 

P(FAINC,OTH)=.5 

P(OPINC,NONE)=l 

P(OPILSS,B)=.94 

P(FAILSS,B):.06 

P(OPILSS,F)=.93 

P(FAILSS,F)=.07 
P(OPILSS,OTH):.94 

P(FAILSS,OTH):.06 

P(OPILSS,NONE)=.995 
P(FAILSS,NONE}:.005 

P(OPIHSS,B)=.92 

P(FAIHSS,B)=.08 

P(OPIHSS,F)=.91 

P(FAIHSS,F):.09 

P(OPIHSS,OTH)=.9 

P(FAIHSS,OTH)=.1 

P(OPIHSS,NONE)=.905 

P(OPIHSS,NONE)=.005 

Through the influence diagram modeling, alternative decisions were evaluated regarding manning 
of the platform under various environmental conditions. The values given for weather and condi
tional probabilities resulted in the following decisions shown in Table IX. 

Table IX: Decision to operate rig based upon weather conditions 

Normal conditions Operate rig 

Low severity storm Operate rig 

High severity storm Evacuate rig 
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Sensitivity analysis was performed on weather conditions resulting in variations in decisions to 
evacuate the platform. As the .weather conditions more severe, decisions are made to evacuate the 
rig while observing both low and high severity storm forecasts due to uncertainties in forecasting 
storm severity (sec Table 7). On the other hand, as the reliability of storm forecasting increases, 
more effective decisions to operate and evacuate can be made. 

The expected cost of operating the platform under the given weather conditions $67.675.00. As 
shown in Figure 9, the expected costs increase as a function of the probability of normal condi
tions. Sensitivity analysis can assist decision makers in determining organizational policies regard
ing evacuation procedures for platforms to accommodate seasonal variations. Additional study can 
be performed to examine the reliability and expected costs of evacuation by surface vessel or heli
copter. 

1.400 10' 

1.300 tel 

t.200 tO' .... 
1.100 10'

I 
1.000 tdl 

• ..l. 9.000 t<t 
!Ill 

8.000 t<t 

7.000 to' 

6.000 10' 
0 0.2 0.4 0.6 0.8 1 

Probability or normal weather condltlons 

Figure 9: Expected cost of operating platform vs. 
probability of normal weather conditions 

CONCLUSIONS 
In traditional reliablity based studies of off shore platforms, HOE has been implicitly integrated into 
the background of accident statistics and experience on which such studies are often based. The 
principal focus of these studies has been the structural aspects or the equipment aspects, and how 
the design might be improved to improve reliablity. 

In recent times, we have come to recognize that we may have been working on only a small part of 
the problem of the reliability of marine structures. Given that some 80% of major accidents can be 
directly traced to HOE, it would seem appropriate that engineers would begin to explicitly evaluate 
how the offshore platforms and the humans that are an integral part of these platforms from their 
design to their decomissioning can be better configured to improve safety. 

Much of the previous work in this area has been directed at the design phase of engineered struc
tures. Based on the available information on the reliablity of marine systems, it would appear that 
this is a secondary focus in comparison to HOE that is developed during construction and opera
tions. Hence, the focus of our work on operations related HOE. 

Hopefully this paper will help encourage other researchers and developers working in this field. 
Beyond researchers and developers, practicing engineers, operators, and regulators need to recog
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nizc the significant impact of HOE in the safe operations of off shore structures. It is time to create 
a basis which allows hwnan and organization elements to be integrated into overall system reliabil
ity. This can be accomplished by developing methodologies to integrate HOE management consid
erations into design, construction, and operations of marine systems. Data and experience must be 
developed and provided to improve and verify these methodologies. 

ACKNOWLEDGEMENTS 
The authors would like to recognize the insights, guidance, and leadership in this work provided 
by Professor Karlene Roberts of the School of Business Ac;iministration at the University of 
California at Berkeley, and Professor Elisabeth Pate-Cornell of the Department of Industrial 
Engineering at Stanford University. Key items of data and information for this work has been 
provided by the Marine Investigation Group of the National Transportation Safety Board and by 
the Marine Safety Group of the U.S. Coast Guard. 

This work is a result of research sponsored in part by NOAA, National Sea Grant College 
Program, Department of Commerce, under grant number NA89AA-D-SG138, project number 
R/OE-17, through the California Sea Grant College, and in part by the California State Resources 
Agency. The U.S. Government is authorized to reproduce and distribute for governmental pur
poses. 

This work also has been sponsored in part by Chevron Corporation and Chevron Shipping 
Company, Amoco Production Company and Amoco Ocean Tanker Company, the California State 
Lands Commission, the U.S. Coast Guard, and the U.S. Minerals Management Service. The 
support and guitiance of these sponsors is gratefully acknowledged. 

REFERENCES 
[1] Pate-Cornell, M.E. and Bea, R.G., "Organizational aspects ofreliability management: Design, 
construction, and operation of offshore platforms," Research Report No. 89-1, Department of 
Industrial Engineering and Engineering Management, Stanford University. 1989. 

[2] Bea, R.G., "Human and organizational error in reliability of coastal and ocean structures," 
Proceedings of the Civil College Eminent Overseas· Speaker Program, Institution of Engineers, 
Australia. December 1989. 

[3] Reid, S.G., "Guidelines for risk based decision-making," Investigation Report NO. S726, 
The University of Sydney School of Civil and Mining Engineering. 1989. 

[4] "Rationalization of safety and serviceability factors in structural codes," Construction Industry 
Research and Information Association, London, England: CIRIA Report 63. 1977. 

[5] Pate-Cornell, M. E., "Warning Systems in Risk Management," Risk Analysis, Vol. 6, No.2, 
1986. 

[6] Heising, C.D., and Grenzebach, W.S., ''The Ocean Ranger oil rig disaster: a risk analysis," 
Risk Analysis. 9(1). 1989. 

[7] Moan, T., "The Alexander Kielland Accident", Proceedings from the First Robert Bruce 
Wallace Lecture, Department of Ocean Engineering, Massachusetts Institute of Technology. 1981. 

[8] Carson, W.G., The Other Price of Britain's Oil: Safety and Control in the North Sea, Martin 
Robenson & Company Ltd., Oxford, England. 1982. 

[9] Noreng, 0ystein, The Oil Industty and Government Strate~ in the North Sea, Croom Helm, 
London. 1980. 

18 



[10] Pate-Cornell, M. E., "Organizational Aspects of Engineering System Safety: The Case of 
·; 

Offshore Platforms," Science, Volume 250, November, 1990. 

(11] "Capsizing and Sinking of the United States Drillship Glomar Java Sea in the South China 
Sea 65 Nautical Miles South-Southwest of Hainan Island, Peoples Republic of China, October 25, 
1983," National Transportation Safety Board, NTSB/MAR-87/02. 1987. 

(12] "Piper Alpha Technical Investigation: Further Report," United Kingdom Department of 
Energy, Crown: London. December, 1988. 

[13] Melchers, R.E., Structural reliability analysis and prediction. Brisbane, Australia: Ellis 
Horwood Limited, Halsted Press: a division of John Wiley & Sons, 1987. 

[14] Moan, T., "Safety of offshore structures," Proceedings, Fourth International Conference on 
Applications of Statistics and Probability in Soil and Structural Engineering, 1983. 

[15] Report of the Royal Commission on the Odeco Ocean Ranger Marine Disaster. Ottawa, 
Ontario, Canada. 1985. 

[16] Veritec. The Worldwide Offshore Accident Data Bank (WOAD). Annual Reports through 
1988. Oslo, Norway. 

[17] Wenk, E.,sJr., Tradeoffs. imperatives of choice in a hi~h-tech World, The Johns Hopkins 
University Press, 1986. 

[18] "Comparative safety evaluation of arrangements for accommodating personnel offshore," 
Offshore Certification Bureau. Report OTN-88-175. 

[19] "Human error in merchant marine safety," Panel on Human Error in Merchant Marine Safety, 
Maritime Transportation Research Board, National Academy of Sciences, Washington, D.C., 
1976. 

[20] Melchers, R. E., "Societal Options for Assurance of Structural Performance," Final Report. 
11 Con~. IABSE, London, 1976. 

[21] Ingles, O.G., "Human error, and its role in the philosophy of engineering." Doctoral Thesis, 
University of New South Wales, Australia, 1985. 

[22] Nowak, A.S., "Modeling human error in structural design and construction," Proceedings of 
a Workshop Sponsored by the National Science Foundation, American Society of Civil Engineers, 
1986. 

[23] Arrow, K. J., Social Choice and Individual Values, New York: Cowles Foundation and 
Wiley, 1951. 

[24) Arrow, K. J., Pecision and or~anization, Amsterdam, The Netherlands: North Holland 
Publications, 1972. 

[25] Howard, R. A., "Information Value Theory." IEEE Transactions on Systems. Man. and 
Cybernetics. Vol. SSC-2 (1) 22-26, 1966. 

[26] Kahneman, D., Slovic P., and Tversky, A., Judgment under uncertainty: heuristics and bi
~. New York: Cambridge University Press, 1982. 

19 



[27] Roberts, K.H., ''Top management and effective leadership in high technology," Prepared for 
L. Gomez-Mehia & M. W. Lawless (Eds.) (vol. III). Research series on mana~ne the hieh tech
noloey finn. Greenwich, CT: JAi Press, 1990. 

(28) La Pone, T.R., High reliability organization projec4 Berkeley: University of California, 
1988. 

[29] Weick, K.E., "Organizational culture as a source of high reliability," California Manaeement 
Reyiew, Winter, 1987. 

[30] "Risk assessment repon of the Norwegian offshore petroleum activities," Royal Norwegian 
Council for Scientific and Industrial Research, Oslo, Norway, 1979. 

[31] "Application of risk analysis to offshore oil and gas operations," U.S. Department of 
Commerce, National Bureau of Standards. Proceedings of an International Workshop, NSB 
Special Publications 695, Washington DC, May, 1985. 

[32] Pate-Cornell, M. E. and Seawell, J.P., "Engineering reliability: The organizational link," 
Proceedings of the ASCE Specialty Conference on Probabilistic Mechanics and Structural and 
Geotechnical Safety, Blacksburg, Virginia, 1988. 

[33] Reason, 1., Human Error. Cambridge University Press: New York, New York, 1990 . 
• 

[34] Perrow, C. Normal Accidents: Livin~ with Hieb Risk TechnoJo~es. New York: Basic 
Books, Inc., 1984. 

[35] Nessim, M.A., and Jordaan, I.J., Models for human error reliability. J. of Structural En&. 
111(6), 1985. 

[36) March, J. G. and Simon, H.A.,. ~anizations. New York: John Wiley & Sons, 1958. 

[37] Larocque, G. R. and Mudan, K., "Costs and Benefits of OCS Regulations: Volume 3
Prelirninary Risk Analysis of Outer Continental Shelf Activities," Arthur D. Little Inc. Cambridge, 
MA, 1982. . 

[38] Schachtger, R.D., "Evaluating influence diagrams," Operations Research, 34(6), 1986. 

[39] Investigation of March 19, 1989, Fire South Pass Block 60 Platform B Lease OCS-G 1608 
U. S. Department of Interior, Minerals Management Service, OCS Repon, MMS 90-0016, April 
1990. 

[40] Howard, R. A. and Matheson, J.E., "Influence Diagrams," Copyright© 1981. 

20 



	2nd Sname Offshore Symposium
	Management of Human and Organizational Error
	In Operational reliability of marine structurtes



