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JIP on Human Factors in Offshore Operations

INTRODUCTION

In the third quarter of 1994, the U.S. Minerals Management Service (MMS) accepted a
proposal by EQE International to develop a joint industry project (JIP) on human factors
in offshore operations. The project was to be one of several being sponsored by the
MMS to investigate Human and Organizational Factors in the Offshore Petroleum
Industry.

The originally stated objective of the JIP was to identify or develop tools for human
factors/error assessment that would be appropriate for offshore activities. The tools
should be appropriate for use by offshore personnel with minimal training (i.e., it would
not be necessary to used trained psychologists or ergonomists to apply the tools).

The goal of this JIP was to develop tools that offshore operators could use to analyze
offshore activities for human error potential and to subsequently develop corrective
measures to reduce the error potential. The focus of the project was to identify those
potential human errors that could be reduced through job redesign, procedure redesign, or
training. As a result, the targeted users for tools developed by the JIP are the currently
installed base of offshore facilities. :

Project participants were solicited through late 1994 and all of 1995. The final project
participants are: :

¢ U.S. Minerals Management Service

e National Energy Board of Canada

e Health and Safety Executive (U.K.)

e Exxon Production Research Company
s Texaco, Inc.

e Sedco Forex Limited

e Chevron UK Limited

e Amerada Hess Limited

e ORYX UK Energy Company
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JIP on Human Factors in Offshore Operations

EXECUTIVE SUMMARY

To assess the status and applicability of human factors assessment tools to the offshore
industry, the JIP investigators performed the following broad project tasks:

¢ Literature search of existing human factors assessment tools with a focus on
application to the offshore industry

e Survey of JIP participants to determine existing activities in the area of human
factors assessment

» Attendance at MMS sponsored seminars and conferences on Human and
Organizational Factors in the Offshore Industry

e Development of a Role Evaluation Tool

¢ Development of a Human Error Assessment Tool (preliminary)

e Application of the Human Error Assessment Tool to offshore crane operations
o Refinement of the Human Error Assessment Tool

The literature search and participant surveys indicated that the application of human
factors (HF) assessments to the offshore industry is in its infancy. Where HF assessments
had been attempted, the results of the studies had been discouraging. This was mainly
because the recommendations that had resulted from HF studies were frequently too
general to be helpful to the facility operators. Recommendations resulting from HF
assessments frequently included such items as improved training, improved procedures,
or improved personnel competency. The JIP participants agreed that such broad
recommendations were not useful. Tools that provide more specific corrective measures
are needed.

Human factors is often called the study of the man-machine interface. In broader terms, it
can be thought of as the match (or mismatch) between the requirements of an activity and
the capabilities and limitations of a human operator. These human capabilities and
limitations may be individual, specific, or may apply to people in general. For example,
if an activity requires an individual to crawl through a series of narrow ductwork, a small-
framed individual might be capable of performing the task while a large-framed
individual would not (individual specific capabilities and limitations). An example of an
activity where people in general would display limitations is any activity requiring
physical exertion for prolonged periods of time in areas where ambient temperature
exceeds 130 F.
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JIP on Human Factors in Offshore Operations

These simple examples suggest two very different approaches to human factors issues.
These are:

¢ Matching humans to the job
e Matching the job to humans

In the first example, it’s clear that given the constraint of the system, personnel selection
is a key criteria in providing a match between the job requirements and the capabilities of
the worker. In the second example, it’s pretty clear that the job will need to be
redesigned (i.e., the environment changed) in order for a human to be able to perform the
task. If the environment cannot be changed, a machine that is not subject to human
limitations could (and probably should) be used to perform the task.

Though useful for illustration, these examples oversimplify the field of human factors. In
most cases, there is a balance between personnel selection and training (matching humans
to the job) and hardware design, job design, and procedures (matching the job to
humans).

To address the first approach (matching humans to the job), a Role Evaluation Tool was
developed by EQE Limited in the UK. This tool is qualitative in nature and involves the
evaluation of a job role by supervisory personnel and other experts. Role requirements
and characteristics can then be compared to requirements and characteristics of humans to
determine where possible mismatches occur. These mismatches present a high potential
for human failure in job performance and should be focus areas for further evaluation of
corrective measures.

Where absolute mismatches do not occur, the Role Evaluation Tool can help identify
ranges of physical and/or cognitive skills that are best suited for a particular job role. If
specific physical or cognitive skills are identified, it may be appropriate to list these skills
as job requirements during the candidate selection process. Candidates can then be
screened against this list to prevent hiring persons that are incapable of performing
necessary job requirements (this is actually a common practice in business, but job roles
are not evaluated at the level of detail suggested by the Role Evaluation Tool).

The Role Evaluation Tool can also be used to identify psychological factors that may
influence job performance. Once identified, candidates could be subjected to
psychological tests as part of the employment screening process. Though these factors
may in fact be important in personnel selection, they are difficult to measure and correlate
with job performance. As aresult, U.S. employers have shied away from the use of
psychological tests for fear of discrimination lawsuits by rejected candidates. However,
the use of such tests may be appropriate in other countries and selection and validation of
psychological tests is an area that may warrant further study.
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JIP on Human Factors in Offshore Operations

The Human Error Assessment Tool (HEAT) was developed by EQE Americas Group of
San Francisco and Brackett and Associates of College Station, Texas. The tool combines
methods from various human factors assessment techniques and can be used to analyze a
specific activity for human error potential. The aim of the tool is to identify areas where
job redesign, personnel retraining or procedure redesign can reasonably be expected to
reduce the potential for human error during performance of the activity (matching the job
to humans).

The HEAT is a three-step process involving Gross Task Analysis, Human Error
Identification, and Error Analysis and Corrective Measures. It’s important to note that
the first two steps of the HEAT are minor variations of techniques that are currently
widely accepted and used in the oil industry. The third step — Error Analysis and
Corrective Measures — introduces the use of the information processing model illustrated
in Figure 1 to correlate specific causes of human error with possible corrective measures.
The HEAT methodology includes several forms and guidelines that lead the user through
the steps necessary to perform the assessment and develop specific corrective measures.

Information § Information Decision/ .
Action

Source | Receptor | Response

Figure 1: INFORMATION PROCESSING MODEL

Included as a supplement to this report is a report on the application of the HEAT to
offshore crane operations. While the main purpose of this pilot test was to refine the
methodology to be more appropriate for use by offshore personnel, the pilot test report
illustrates the level of detail and types of corrective measures that could be expected from
future applications.

The concepts and methods outlined in the Role Evaluation Tool and the Human Error
Assessment Tool are consistent with current research (and previously published methods)
in human factors assessment. Although limited application of the HEAT indicates that
the level of detail, resources, and training needed to apply the tool is appropriate to the
offshore industry, additional pilot studies are needed to demonstrate its ultimate
usefulness in reducing human error. The JIP investigators encourage additional
applications within participating companies as a way to further refine the tool.
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JIP on Human Factors in Offshore Operations

PROJECT HISTORY

The following specific project tasks were performed by the JIP investigators:
Solicitation of Participation
Human Factors Status Assessment
Selection/Development of Tools for Pilot Testing
Application of the Human Error Assessment Tool to Offshore Crane Operations
Refinement of the Human Error Assessment Tool

More detailed discussions of these project tasks are presented below.

SOLICITATION OF PARTICIPATION

EQE International developed a preliminary scope of work in order to solicit participation
for the JIP. The preliminary scoping and solicitation effort was a combination effort
between EQE Americas Group (EQE International), and EQE Limited in the United
Kingdom. Candidates for participation included U.S. and U.K. operating companies,
offshore contractors, offshore engineering design companies, and regulatory agencies.
The preliminary scoping and solicitation efforts were funded through the initial project
grant provided by the U.S. Minerals Management Service.

During the participant solicitation process, the preliminary scope of work was modified to
accommodate the interests of potential participants. In addition, two levels of
participation were established. The first level of participation provided for access to all
project reports and findings and was established at a cost of US $12,000. The second
level of participation included membership in the JIP Steering Committee and the cost
was set at a US $18,000.

EQE solicited participation from approximately 50 operating companies, contractors,
design firms, and regulatory agencies. The solicitation process took approximately one
year and resulted in the following participants.

e U.S. Minerals Management Service (Steering Committee)
e National Energy Board of Canada (Steering Committee)
e Health and Safety Executive (U.K.)

¢ Exxon Production Research Company (Steering Committee)
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e Texaco, Inc. (Steering Commitfee)
e Sedco Forex Limited

e Chevron UK Limited

e Amerada Hess Limited

e ORYX UK Energy Company

BP Production, Alaska was initially signed on as a Steering Committee participant, but
subsequently dropped out of the JIP after they determined that the project would not meet
company-specific goals regarding analysis of shift duration and work schedules.

HUMAN FACTORS STATUS ASSESSMENT

EQE performed two literature searches to gather data on the status of human factors
assessment application to offshore operations. One of these literature searches was
performed by EQE Limited and searched several information sources in the United
Kingdom. The second literature search was subcontracted to Brackett and Associates and
included information sources in the United States. In addition to the literature searches,
project participants were questioned to determine the level of human factors assessment
application that currently existed within individual companies.

Appendix A contains the results and discussion of the literature search that was
performed by EQE Limited. This literature search identified several human factors
assessment techniques that were judged to be possibly applicable to offshore activities.

Appendix B contains the results and discussion of the literature search that was
performed by Brackett and Associates. This literature search identified some additional
human factors assessment techniques as well as basic information about activities that
were candidates for future pilot studies.

None of the identified techniques had been widely applied within the offshore industry.

In addition, approximately half of the techniques identified focused on the quantification
of human error probabilities. The remaining qualitative techniques used a combination of
task analysis, functional analysis, and HAZOP-type reviews to identify error-likely
situations.

In addition to the literature searches on human factors assessment techniques, Brackett
and Associates performed a literature search on shift work and work schedules. This
subject was an area of common interest for the JIP participants. The results and
discussion of this search are presented in Appendix C.
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SELECTION/DEVELOPMENT OF TOOLS FOR PILOT TESTING

The results of the literature search in the company surveys were compared to the project
goals and participant needs to identify appropriate tools for use in the pilot testing phase.
The literature search identified approximately 20 published human factors assessment
methods, none of which had been designed specifically for the offshore industry. Also,
none of these methods had been used extensively by participating companies.

Complicating the selection of appropriate tools were the differing needs between the U.K.
and U.S. participants. Due to the need to perform safety cases, the U.K. participants had
some previous experience in the evaluation of available HF techniques. These techniques
have not seen extensive use due to the lack of validation. This was in contrast with U.S.
participants, who had little experience with published human factors assessment
techniques.

As aresult of the differing needs of the participants, two qualitative tools were developed.
A Role Evaluation Tool was developed by EQE Limited to qualitatively evaluate job
roles for human factors issues. A Human Error Assessment Tool (HEAT) was developed
by EQE International to evaluate specific offshore activities for the potential for human
error. Although related, these two tools approach human factors from different

perspectives.

The Role Evaluation Tool provides a high level view of a job role to identify
psychological, physiological, and physical factors that may influence job performance.
Once identified, these factors become focus areas for further evaluation.

The HEAT focuses on a specific activity within a job role to identify likely sources of
human error while performing the activity. While recognizing that each individual
performing an activity has a unique psychological make-up that can result in random
human error, the JIP investigators believe that this type of error is virtually impossible to
predict and control. As a result, the focus of the HEAT is to identify system induced, or
systemic, errors that have a reasonable likelihood of occurrence regardless of the
individual who is performing the activity. By identifying and correcting the systemic
errors, the risk of human error can be reduced to a tolerable minimum.

Role Evaluation Tool (RET)

None of the human factors assessment techniques identified through the literature search
provided a comprehensive assessment of the possible mismatches between job role
requirements/characteristics and human requirements/characteristics. This assessment
was a special interest area of the UK. participants. Due to the limitations of the existing
techniques, the JIP investigators developed a Role Evaluation Tool to meet the needs of
the U.K. participants.
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The Role Evaluation Tool is included as Appendix D of this report. The RET uses a
series of questions presented in four tables to define the requirements and characteristics
of a work role. Once identified, these are compared to human requirements and
characteristics in order to identify psychological, physiological, and physical factors that
may affect performance of the role.

Application of the Role Evaluation Tool results in a list of factors that may negatively
impact human performance in the role. This may include:

* Psychological - those factors that can negatively influence concentration,
memory, or attention

¢ Physiological factors - those factors such as excessive heat or excessive cold
that may overstress the human physiology

¢ Physical factors - those factors associated with the human body such as
muscle built, height, and girth

A major drawback to the use of the RET in the United States is the potential need for
psychological, physiological, and physical testing to resolve issues identified by its
application.

Although physical factors have traditionally been an issue for some types of hiring, there
is an increasing pressure within the U.S. to redesign jobs to accommodate the individual
physical limitations of job applicants. Where an employer can demonstrate that such
accommodation is not feasible given the nature of the job, candidates with specific
limitations can be eliminated from consideration.

The use of psychological testing for candidate selection is more problematic. In order to
avoid potential discrimination lawsuits, an employer must validate psychological tests to
show a strong correlation between test performance and job performance. Such
validation can be costly. It can also be impractical unless a large body of candidates can
be tracked through the hiring process and subsequent job performance.

Human Error Assessment Tool

Several of the identified human factors assessment techniques identified through the
literature search were candidates for human error evaluation of offshore activities.
Probably the closest match to the JIP requirements is the System for Critical Human
Error Management and Assessment (SCHEMA). The SCHEMA methodology is as
follows:

e Hierarchical Task Analysis for Problem Definition
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¢ Human Error Analysis which identifies action errors, checking errors, retrieval
errors (information from displays, procedure, and memory), transmission
errors (communication between individuals), selection errors

e Qualitative Screening
e Quantitative Assessment
¢ Suggested Risk Reduction Strategy Implementation and Monitoring of Results

The HEAT contains several element that are analogous the SCHEMA elements. The
quantitative assessment element of SCHEMA has been eliminated and risk reduction
element has been modified to be more appropriate for the offshore user.

The latest version of the Human Error Assessment Tool is included as Appendix E to this
report. In addition, a supplemental report entitled “Report on the Application of a Human
Error Assessment Tool to Offshore Crane Operations” is available through the JIP.

The HEAT approach involves examining the individual steps that people perform when
conducting an activity in order to identify potential human errors. Once identified, each
error is in subjectively analyzed and rated for potential impact to system performance as
well as likelihood of occurrence. Rating the errors provides the means to prioritize errors
for application of the Error Analysis and Corrective Measures. Only high priority errors
become the focus of this analysis, since eliminating these errors will result in the greatest
overall system improvement.

Application of the HEAT involves three main steps:
o Gross Task Analysis
e Human Error Identification
e FError Analysis and Corrective Measures

Appendix E contains the specific procedures for each of these steps along with the
associated guidelines and forms necessary to perform a HEAT analysis for an activity.
The reader should note that, of the three main steps involved in HEAT, two steps (Gross
Task Analysis and Human Error Identification) are slight variations on methods currently
used in the offshore industry for other purposes. The human factors analysis occurs
during the Error Analysis and Corrective Measures step of the method. As a result, an
offshore operator could substitute his own variation of these first two steps into the
Human Error Assessment Tool without losing benefit of the human factors analysis.

The Error Analysis and Corrective Measures step is based upon an information
processing model consisting of an information source, information reception,
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decision/response, and action. The technique seeks to identify deficiencies within these
model elements, or the links between the elements. These deficiencies then become the
focus of possible corrective measures. For a complete explanation of the HEAT, refer to
Appendix E.

APPLICATION OF THE HUMAN ERROR ASSESSMENT TOOL TO OFFSHORE
CRANE OPERATIONS

The preliminary Human Error Assessment Tool was used to evaluate offshore crane
operations for a Gulf of Mexico operator. The purpose of the pilot application was to
evaluate the procedures, forms, and guidelines in the preliminary HEAT and to identify
areas of improvement to make the tool more user friendly. A separate report entitled
“Report on the Application of a Human Error Assessment Tool to Offshore Crane
Operations” is available through the JIP.
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PROJECT CONCLUSIONS

While the efforts of the Joint Industry Project on Human Factors in Offshore Operations
are an important first step toward introducing human factors into the operations side of
the industry, the methods require additional refinement through application. In addition,
barriers to their acceptance should be recognized and addressed to facilitate their use.

The traditional approach to reducing human error in oil industry operations is to establish
procedures and then audit to verify that procedures are followed. While auditing can be
very effective in reducing certain types of errors (violations), it cannot address sources of
error that have been unintentionally designed into the activity. These booby traps must
be systematically identified and eliminated before the audit function becomes truly
effective.

In an industry where personnel resources have been repeatedly stretched, there is natural
resistance to the introduction of a new method for ‘making things better.” The JIP
investigators discussed this fact with several offshore personnel that they met during the
course of the project. In several cases, operating personnel expressed concern over yet
“another audit” of their facility.

Each company that is committed to additional use of human error assessment in their
operations should consider pilot studies that include both assessment and implementation
of identified corrective measures as a way to develop a convincing ‘marketing
presentation’ to the organization. The tools can only be further refined if they are
applied, and the they will only be applied if the end user can clearly see examples of their
benefit. As a wise old (sales)man one said, “It’s not what you sell, it’s how you sell it.
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REPORT ON THE APPLICATION OF A HUMAN ERROR ASSESSMENT

TOOL TO OFFSHORE CRANE OPERATIONS

INTRODUCTION

This report presents the results of the application of a Human Error Assessment Tool
(HEAT) to offshore crane operations. The HEAT was developed under the Joint Industry
Project for Human Factors in Offshore Operations (JIP). The purpose of this pilot study
was to apply the tool to an offshore activity in order to determine which aspects of the
tool are appropriate for offshore operations and which aspects of the tool should be

modified to improve ease of use or make the tool more appropriate for the intended user.

Human factors (HF) analysié is directed toward the human-machine interface. The goal
of human factors analysis is to identify features of the human-machine interface that can
result in system induced human error and to modify these features to reduce the
likelihood of that error. The HEAT developed by the JIP is designed to allow the user to
identify critical errors and to analyze those errors based on human factors principles. The
best corrective measure for the error can then be determined based upon the identified

human factors cause.

RN

The focus of the JIP is to identify errors in existing systems that can be corrected by job
redesign, procedure redesign, job aids, or training. However, the reader should note that
in some cases, the underlying cause of human error is best corrected by a redesign of the
human-machine interface itself. Thus, a secondary focus of the HEAT is to gather
information to identify areas where modification of design standards or more detailed

specification of manufactured equipment is warranted.

SCOPE

This pilot study analyzed general offshore crane operations with a focus on moving loads
from service vessels to the platform and vice versa. The study did not focus on any
particular crane or crane cab design. Instead, the steps to accomplish movement of a load
were identified, followed by identification of possible errors that could occur within those

steps.



METHOD

The preliminary Human Error Potential Assessment Tool dated November 1996 was
applied to offshore crane operations. (The title of the tool was subsequently modified to
eliminate the word “potential.”) A copy of this preliminary tool is included as Appendix
A to this report. The major elements of the HEAT are described below.

Gross Task Analysis

The Gross Task Analysis is used to define the tasks and steps that must be conducted to
accomplish the activity of interest. The results of the Gross Task Analysis represent an

outline of the procedure for the activity.

Human Error Identification

Several techniques are used to identify human errors that can occur when performing the
procedure steps identified in the Gross Task Analysis. These are: |

e Brainstorm possible errors

e Review Accident History

e Conduct Personnel Interviews

Human Error Identification includes a system to rate likelihood and consequences of error

in order to identify critical errors for Error Analysis and Corrective Measures.

Error Analysis and Corrective Measures

Error Analysis is only performed on those identified errors that have a high risk index.
The Error Analysis involves classifying the errors according to an information processing
model. This model assumes that errors can occur at one or more of the following points

in the information processing chain:

e Information Source

e Information Channel (Information/Human Interface)
e Information Processor (Operator)

e Output Channel (Human/Control Interface)

2



e Action (Manipulation of Control)

Identifying corrective measures involves determining the likely causes of error and then
making cause-specific recommendations to reduce the potential for error. The corrective
measures could involve job redesign (reducing workload; specifying additional operator
skills; etc.), procedure redesign (add, remove, or re-sequence steps), job aids (memory

joggers; enhanced labeling; etc.), training, or equipment redesign.

DISCUSSION OF HEAT APPLICATION

General

The Human Error Assessment Tool as described in Appendix E was applied to offshore
crane operations. The forms prepared during the pilot study are included as Appendix G.

The gross task analysis, including possible error identification and assignment of
likelihood and severity values, was accomplished during approximately 12 hours of

meeting between the JIP resources and the subject matter experts.

During the first 4 hours of meeting, two subject matter experts were available. The
following 8 hours of meeting were accomplished by using a single subject matter expert.
A review of the available accident history was also conducted during this meeting. These
previous accidents were categorized by the analysis team according to their judgment as

to the human error that occurred.

A drawback to the Human Error Assessment Tool is the degree of documentation that it
requires. The current version of the tool requires that task, step, possible error, and
severity and likelihood ratings information be documented on forms. This may not be
very practical in a group meeting environment, the drawback being that meeting

participants cannot see the information after it is generated.

During this pilot study, flip charts were used to collect the information during team
meetings. The information was subsequently transferred to forms. This has the
advantage that the information can be clarified as it is transferred but the disadvantage
that the information is essentially documented twice. Some options for reducing the

work required for documentation are:

¢ On-line documentation that can be easily edited



o Use of white boards equipped with scanners to provide hard copy

e Where detailed procedures are available, forms can be prepared prior to group

meetings

Gross Task Analysis

Detailed procedures for offshore crane operations were not available. As a result, the

procedure outline was developed using the available subject matter experts. The team
used a white board to outline the tasks associated with offshore crane activities. These
tasks were then broken down into the steps required to accomplish each task and were

documented using flip charts.

The need to develop procedural outlines for activities to be studied is probably typical.
Even where detailed written procedures are available prior to the start of the study,
displaying the procedure outline for team review and comment can be used to bound the

scope of the HF assessment.

Suggestions for Future Pilots
As aresult of Pilot Study #1, the Gross Task Analysis procedures have been modified as

follows:

e Additional guidance on conducting the Gross Task Analysis in a meeting

- environment was added.

Human Error Identification

Brainstorm Possible Errors

Once the tasks and steps for offshore crane operations were identified, brainstorming
possible human errors proved to be relatively simple. After the possible errors for each
step were identified, the team judged the likelihood of error and the error consequences
based on the rating scheme in the HEAT.

Likelihood and Consequence Rating

Rating the likelihood of identified errors using the scheme in the HEAT also proved to be
straightforward. However, rating the consequence of error occurrence is not quite as
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easy. A team can rate the direct and immediate outcome of an error, the worst-case
outcome of an error, the most likely outcome of an error, or a weighted (expected)
outcome. During this pilot study, the team was directed to rate the most likely outcome
of the error. However, a review of the ratings for various errors indicates that the
consequence ratings are inconsistent and do not always accurately reflect the effect of
latent errors (i.e., those whose consequences are delayed until a later task).

In the HEAT, the base risk index is subsequently modified based on accident and incident
history and the modified risk index is used to identify critical errors. As a result, it is
important that the HEAT provide some means to track latent errors to ensure they are not
overlooked in the final analysis. Although the current rating system is appropriate if
used properly, the JIP should evaluate alternatives to determine if a simpler rating system

can be used to identify critical errors.

Review of Accident History

The evaluation team was provided a summary of offshore crane related accidents from
1994 - February 15, 1997. This summary included information on the type of loss
(property, injury), approximate cost of the accident (if known), the phase of crane
operation (lifting, securing, lowering, etc.), and a short description of the accident. The

review of the accident summary was performed in approximately 1/2 hour.

This information was sufficient to determine which of the previously identified errors was
applicable to the accident. Based on this information, the base risk indices were modified
and critical errors identified. No previously unidentified errors were noted during the

accident summary review.

Critical Incident Interviews

The current version of the HEAT contains a form to document critical incident
interviews. During this pilot study, these interviews were conducted at an offshore
platform during work breaks with platform personnel. The interviewers did not
document the interviews in the formal manner implied by the forms but instead
conducted informal interviews to verify that earlier steps in Human Error Identification
had properly identified the critical errors associated with crane operations.



These interviews did not result in identification of additional likely errors that had not
been considered by the analysis team. Interviewees did offer some suggestions for

possible solutions to identified errors.

Suggestions for Future Pilots

As aresult of Pilot Study #1, the Human Error Identification procedures have been

modified as follows:

e The procedure was modified to require the use of brainstorming plus either Accident
History Review or personnel interviews to confirm that the brainstorming was
thorough in identifying possible errors. This change was made in recognition that
offshore personnel will obtain diminishing returns from the additional human error
identification techniques. As a result, the procedure now gives the analysis team the
option to choose the most appropriate combination of techniques for each specific

study.

e Develop alternative means to identify critical errors (rating system), including some
means to track latent errors, and do a side-by-side comparison with the current rating
system to identify the method that is the easiest to apply.

Error Analysis and Corrective Measures

Error Classification and Causation

The HEAT proposed an error classification scheme according to an information
processing model. The purpose of the classification is to better understand the underlying
causes of error so that the most appropriate corrective measures can be determined. The
guidance provided to perform this classification was limited and as a result, this step in
the process was a bit confusing. The JIP resources concluded that additional guidance is

required before a team leader with minimal training could properly classify errors.

Corrective Measures

Once the errors were properly classified and the possible causes for the errors were
identified, determination of corrective measures was straightforward. The key is to
identify possible corrective measures that modify the system in such a way as to
eliminate the specific system-induced cause of human error. For example, errors that



result from poor visibility during night time crane operations can be improved by

installing and/or maintaining boom mounted lighting systems.

Suggestions for Future Pilots

Streamline the information processing model to facilitate understanding by less

experienced analysis teams.

Provide improved guidelines for classifying errors into the various human factors

cause categories.

Provide improved guidelines for relating human factors cause categories to possible

corrective measures.

Reduce the number of forms required to analyze errors and identify possible

corrective measures from 2 to 1.

MODIFIED HUMAN ERROR ASSESSMENT TOOL
Where appropriate, the HEAT has been modified based on the information obtained

during pilot study #1. The modified procedures, forms, etc. are included in Appendix G

to this report.

The specific modifications are:

The procedures for Gross Task Analysis have been expanded.

The Error Analysis, Accident Analysis, Critical Incident Interviews, and Error Rating
have been combined under the category Human Error Identification. The focus on
HF Analysis has been deferred until the final step in the process.

The information processing model has been streamlined and additional guidance has
been developed. The guidance has been embedded into the Error Analysis and

Corrective Measures form to facilitate application by the analysis team.

Additional guidance relating the type of error to appropriate corrective measure

categories has been developed.
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RESULTS OF OFFSHORE CRANE OPERATION ASSESSMENT

The results of the offshore crane operation assessment are represented on the forms

contained in Appendix F.

The Gross Task Analysis, including possible error identification and assignment of
likelihood and severity values, was accomplished during approximately 12 hours of

meeting between the JIP resources and the subject matter experts.

During the first 4 hours of meeting, two subject matter experts were available. The
following 8 hours of meeting were accomplished by using a single subject matter expert.
A review of the available accident history was also conducted during this meeting. These
previous accidents were categorized by the analysis team according to their judgment as

to the human error that occurred (Forms 1 and 2).

The analysis team visited an offshore platform following the Gross Task Analysis and
Accident Summary review. During this visit, we observed a load being moved from the
top deck to a lower deck. Part of this movement was a blind lift, requiring the use of a

signalman between the crane operator and riggers.

The operation was typical for a platform with an active drilling rig. The crane crew
consisted of a crane operator plus 2-3 riggers. This team had worked together for several
years. This personnel arrangement is not common for a typical production platform,

where crane operator and rigger experience and rigger availability vary widely.

While on the platform, the analysis team interviewed the contract crane operator as well
as 3 production personnel that routinely operate cranes during the course of their normal
duties. The information obtained during these interviews was not documented formally.
It did, however, reinforce the information that had been developed during earlier phases
of the study.

Critical errors (those with high risk indices) were then classified according to which stage
in the information processing chain could induce or exacerbate the error (Form 4).
Possible causes of each error and the likelihood of each cause were assessed and possible
corrective measures identified (Form 5). Corrected actions may include procedure
redesign, job redesign, job aids, training, or redesign of the human-machine interface. A

summary of the critical error analysis begins on Page 10.



Interestingly, an internal study of offshore crane safety had recently been completed.
This earlier study was done by a team of four company personnel meeting for

approximately 2 days.

In comparing the results of the earlier study with those of the human error assessment, we
noted that most of the errors were identified in both studies. However, the human error
assessment tool requires a more thorough analysis of the cause of error and, as a result,

may suggest corrective measures that are ultimately more workable.

For example, both studies indicated that failure to conduct pre-lift crane inspections is a
critical error. Without benefit of the human error assessment, the corrective measure for
this error might be “enforce the performance of a pre-lift crane inspection prior to each
lift.” This corrective measure may be appropriate and sustainable as long as a system for

enforcement is established and maintained.

However, one reason for failure to conduct a pre-lift crane inspection is the urgency, real
or perceived, created when a service vessel arrives without warning (failure to receive
communication) or during a time where competing demands (high workload) tempt the

operator to take short cuts.

If these situations occur frequently, it may be more appropriate to establish a back-up
communication system (from boat to a continuously-staffed shore station with the shore
station notifying the platform via telephone that sounds a horn on platform) or
enforcement of a daily crane pre-check and operational check to be conducted during

slack workload, regardless of whether crane use is expected.

Although these solutions may be less desirable from an absolute perspective, they may
prove to be more workable and sustainable because they address the problems that

actually confront the platform operator on a daily basis.
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EXECUTIVE SUMMARY

A UK literature review has been conducted on behalf of EQE International Inc., Houston, in
support of the Joint Industry Project on Human Factors in Offshore Operations. The types of
information reviewed include past and current methods of human factors assessment; UK incident
and accident data; and human factors issues concerning well control, service vessel operations
and crane operations.

The review has focussed on identifying techniques that may be applied in the assessment of
hazards associated with offshore activities. Summaries of potentially useful methods are
presented with information concerning previous applications and possible advantages and
disadvantages.

At present, human error data pertaining to offshore activities in the North Sea are scarce. The
study has identified that the shortage of relevant information has been a factor in the general
reluctance of the UK oil and gas industry to perform human reliability assessments of offshore
activities.
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1.0

INTRODUCTION

A UK literature review has been conducted on behalf of EQE International Inc., Houston,
in support of the Joint Industry Project on Human Factors in Offshore Operations.

The objective of the review was to identify, obtain and review published information
regarding the impact of human factors on offshore operations. More specifically, the
study concentrated on literature pertaining to conditions experienced by the UK offshore
industry. The types of information that have been reviewed include:

- past and current methods of human factors assessment applied in the UK
- UK incident and accident data;
- literature dealing specifically with human factors issues concerning:

- well control;
- service vessel operations; and
- crane operations.

A coarse evaluation of techniques has been performed to identify those which have the
potential to be applied in human factors assessment of offshore activities.
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2.0

METHODOLOGY

Figure 1 illustrates the methodology employed in conducting the literature search and
review.

The study has employed the resources of EQE’s in-house libraries in Aberdeen and
Warrington, and also those of Aberdeen City Library, Aberdeen University Library and
Robert Gordon University Library. EQE’s arrangements with these libraries have
provided access to:

each library’s collection (books, journals, etc);
CD-Rom databases;

Bath Information Database System (BIDS); and
British Lending Library (BLL) collection.

Information databases (COMPENDEX and Petroleum Abstracts) have been examined to
generate a list of potentially relevant references. The following key phrases were
employed in conducting the search:

human error
human factors
human failure
human reliability
task analysis

task modelling
influence diagram

“blowout

kick

kick detection
service vessel
crane

A number of external agencies have also been contacted to establish further contacts,
identify additional references and gather relevant human factors information and
literature. These are listed in Table 1.

A schedule of the material obtained is presented in Table 2. There are also a number of
documents which, although they may be relevant, we have not been able to obtain during
the duration of the study. References to these documents appear in Table 3.
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3.0 REVIEW
3.1 Coverage

3.2

In accordance with the objectives, the literature search and review has been focussed on
information pertaining specifically to offshore operations in the UK. However, a
significant quantity of more general human factors literature has been developed in other
sectors of industry and in different parts of the world. Hence, a selection of more general
but relevant literature has been incorporated within the survey.

It is evident from the schedule of material obtained (Table 2) that a significant proportion
of the literature has been published fairly recently. The review is considered to have
featured much of the latest infermation available in the public domain.

The scope of the review was limited to published literature and, by definition, did not
extend to proprietary information held in corporate libraries. However, this is
acknowledged as a significant source of information.

Relatively little cross-referencing is observed within the population of literature surveyed.
In the main, this may be attributed to the breadth of the subject area defined in the scope.
The coverage may therefore be characterised as more broad than it is deep.

Human and Organisational Factors

In recent years, advances in engineering technologies and design of equipment have
produced significant improvements in the integrity of production facilities. As a
consequence of these ‘hardware’ improvements, an increasing proportion of incidents may
be attributed to human error. This has resulted in greater examination of the contribution
of human factors to the causes of incidents. Inevitably, the development of methods to
reduce the potential for human error is attracting significant interest from industry and
regulators alike. This is particularly the case in the offshore industry, where a high
proportion of activities involve human interaction in some way, and where human failures
have the potential to cause accidents of greater consequence than is perhaps the case in
other industries.

In guidance for considering human factors in the control of risk, HSE (1993, ref.1) and
the Engineering Council (1993, ref.2) describe three areas of influence which affect
human performance - the organisation, the job and personal factors. The guidance
encourages management to consider not only the errors individuals might commit, but
also the underlying managerial and environmental conditions that contribute to the
causation of accidents.

In a review of human errors in process safety, Wreathall (1993, ref.3) acknowledges that
the human contribution to disasters is only partly specified by the human factors and
organisational issues. One part missing is the context in which the actions take place.
Work is only just starting in this area and, as yet, no methods exist to identify the
specific conditions necessary to induce an error from an operator.
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3.3

At this point a distinction may be made between techniques that are applied to address
human factors at the individual level and those applied at the organisational level.

Methods that fall into the latter category may generally be described as audit-based, e.g.
see Donald et alia (1991, ref.4) and Embrey (1989, ref.5). Many involve the use of
questionnaires and structured interviews at various levels of the management system,
followed by an analysis of the responses to provide an indication of the organisation’s
integrity as a whole. The subject of this type of assessment is usually an entire worksite.
Examples of this type of assessment tool are:

- MANAGER, developed with HSE funding (ref.6,7);

- FLAIM, developed with US Minerals Management Service funding for assessing
fire hazards offshore; and

- TRIPOD, developed for oil industry applications and funded by Shell (ref.8-11).

The remainder of this review concentrates on techniques aimed at addressing human
factors at the individual level. The subject of this type of assessment is a specific task or
activity. Organisational factors are only considered as they affect individuals’ abilities to
carry out the given task correctly and are treated as influences, or ‘performance shaping
factors’. The importance of any particular organisational factor may only become
apparent once several activities have been assessed within a given worksite.

Human Factors in Hazard Assessment

Hazard assessment involves consideration of the combined influence of equipment
(hardware) and human performance on system integrity. The following is an account of
how human factors may be addressed within hazard assessment. The contribution of

“hardware reliability, although significant in affecting the system as a whole, is not the

focus of this review. Elements of a human reliability assessment (HRA) may be
summarised as follows:

Problem Definition.

The activity which constitutes the subject of the assessment is defined in terms of the
system objective and the process by which it is achieved. In the context of hazard
assessment, the system objective is defined in terms of a safety goal. This ensures that

subsequent analyses are concentrated only on those actions which are relevant to the safe
execution of the task.

Error Identification. :
The model of the system is analysed to identify the potential for human errors to occur,
their underlying causes and opportunities for recovery action. Various taxonomies and

theoretical models of human errors exist, many of which form the basis for human error
analysis techniques.

Representation.
The aim at this stage is to produce a clear and understandable representation of the
system and failure-producing conditions. This should illustrate the potential for error-

producing conditions to occur and how failures may be propagated through the system
to produce undesirable consequences.
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Assessment.

The consequences of human errors are analysed to estimate the system’s capability of
meeting its objective. The contributions of specific errors and their underlying causes are
analysed in terms of their impact on overall system performance. An initial qualitative
assessment may be performed to screen out errors with insignificant impact on safety.
Selected failure conditions may then be subjected to further assessment, which could
involve quantitative analyses.

Risk Reduction.

The aim at this stage is to identify risk reduction measures and assess their effectiveness
in improving system reliability. This may involve some form of sensitivity analysis to
demonstrate that the benefits of implementing modifications to reduce or control risk are
cost-effective.

DeJoy (1990, ref.12) and Kirwan (1990, ref.13) also present generic methodologies for
comprehensive human reliability assessment. Kirwan is a particularly useful document
in that it defines what output is expected at each stage of the assessment and identifies
the most prominent and promising of the methods available at the time, many of which
are described below.

Techniques for Conducting Human Reliability Assessments

This section of the review is a summary of techniques which appear appropriate for
analysing offshore activities. The principal sources of information have been identified
and are reported here.

A framework for addressing the impact of human factors within hazard assessment is
described in the preceding section. The techniques available are now summarised in terms
of the elements just described. Some of the techniques cover many or all of the elements
and some techniques are submethods of others. In practice the boundaries between
elements of an assessment are not clearly defined, inevitably resulting in some overlap.

Hashemi (1992, ref.14) outlines the main human factor related issues affecting the safe
design and operation of offshore installations and examines the effectiveness and
practicality of considering complex human factor issues within safety studies.

The literature contains a number of publications which provide broad overviews of
techniques in general.

The principal guide on task analysis is reputed to be Kirwan & Ainsworth (1992, ref.15).
Part 1 provides an overview of the task analysis process, Part 2 describes 25 types of task
analysis techniques, and Part 3 demonstrates the application of task analysis techniques
using ten case studies. The guide divides the techniques into five categories:

1. task data collection methods, e.g. task observation; interviews; analysis of
procedures; incident analysis; structured walkthroughs of procedures; and
examination of system documentation;

2. task description methods, e.g. charting and networking; task decomposition; and
hierarchical task analysis;
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3. task simulation methods;
4, task behaviour assessment methods (error identification within task analysis); and
5. task requirements evaluation methods.

By encompassing all these aspects, the guide considers techniques within its definition of
‘task analysis’ that extend beyond the problem definition stage of human reliability
assessment.

Williams & Munley (1992, ref.16) also discusses methodologies for identifying the
potential for human error in industrial systems, and describes the limitations of current
systematic techniques such as HAZOP-based approaches.

The Human Reliability Assessor’s Guide (1988, ref.17) comprises a comprehensive
survey and evaluation of eight techniques for quantitatively determining human error
probabilities. Part 1 of the guide defines the criteria employed in the assessment while
Part 2 provides detailed descriptions and evaluations of the techniques (APJ, PC, TESEO,
THERP, HEART, IDA, SLIM and HCR) with illustrative case studies.

Kirwan (1990, ref.13) utilises some of the Human Reliability Assessors Guide findings
as part of a broader overview of human reliability analysis.

Techniques that appear as though they may be used in the assessment of offshore
activities include:

THERP - Technique for Human Error Rate Prediction;

IDA - Influence Diagram Approach;

SCHEMA - System for Critical Human Error Management and Assessment;
Task Analysis;

Function Analysis;

Link Analysis;

Human HAZOP (Hazard and Operability) Study;

SHERPA - Systematic Human Error Reduction and Prediction Approach;
PREDICT - Procedure to Review and Evaluate Dependency in Complex
Technologies;

Sneak Analysis;

Event Tree Analysis;

Task Hazard Identification;

SHARP - Systematic Human Action Reliability Procedure;

APIJ - Absolute Probability Judgement;

PC - Paired Comparisons;

HCR - Human Cognitive Reliability;

HEART - Human Error Assessment and Reduction Technique;

SLIM - Success Likelihood Index Methodology; and

TESEO - Tecnica Empirica Stima Errori Operatori.

The techniques are summarised below. Wherever possible, information concerning
previous applications and advantages/disadvantages is included, together with a shortlist
of the most relevant literature reviewed. Other references are summarised in Table 2.
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THERP - Technique for Human Error Rate Prediction

THERP is a methodology which covers all elements of human reliability assessment. It
was developed in the 1960’s at Sandia National Laboratories to reduce the incidence of
production defects in nuclear weapons development. Due, in part, to its age the method
has been employed in many industrial applications, including offshore operations. It is
typically applied to highly proceduralised tasks and features a database of human error
probabilities which has found widespread use in probabilistic risk assessment.

Problem definition is by means of task analysis, with information gathered from systems
analysts and from plant visits.

The identification of human failures is based on treating human components of a system
as if they were analogs of machines, with simple failure modes. Hence, THERP tends
to focus on identifying slips and lapses resulting in errors of omission. The method is
limited in its ability to consider inappropriate but deliberate actions (errors of
commission). THERP does, however, allow consideration of error recovery and, to a
certain extent, dependency between human dependent failures.

Conventional event trees are employed to represent the propagation of errors through the
system.

THERP allows quantitative assessment of human reliability by employing the database
of human error probabilities.

The data are based on a mixture of field experience and expert judgement and relate to
manual actions. They do not explicitly cover cognitive error probabilities.

Finally, THERP allows a reevaluation of system failure probability based on
recommended changes being implemented.

Due to its popularity, THERP has been the subject of a great deal of scrutiny - perhaps
more than other techniques.

Criticisms of the method include:

- the resource requirements are considerable;

- it is not good for evaluating cognitive errors;

- it does not produce explicit design recommendations; and

- large discrepancies exist between different analysts’ estimates for the same task.

However, it is well known and generally acceptable for many applications. It is also
scrutible, auditable and compatible with probabilistic risk analysis techniques, e.g. fault
trees.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan (1990, ref.13)
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IDA - Influence Diagram Approach

Developed from the field of decision analysis, the inflence diagram approach may be
taken to assess all elements of a human factors assessment. The influence diagram
captures the model held by a group of experts regarding the dependence between the
likelihood of success of a given operation and the factors which are perceived to have an
affect. '

The variables affecting the outcome are identified by a ‘brainstorming’ process, followed
by refinement of the model and representation in the form of an influence diagram.
Unlike other methods, IDA allows for interdependence between performance shaping
factors. The structure of the diagram provides a qualitative indication of the factors which
are most significant in influencing the outcome. Expert judgement may be applied at this
stage to screen out error-producing conditions of minor significance.

The influence diagram may be converted into the fault tree format (and vice versa) and
a computer program named DPL is available for this purpose.

Quantification is achieved by determining the ‘balance of influence’ at each level of the
model. Several iterations may be required before consistency is accomplished throughout

" the model, although the results at this point are final and require no additional calibration.

The technique is flexible in terms of the level of decomposition that it can handle and has
found application in the offshore industry.

However, IDA is potentially expensive in terms of the human resources involved as it
relies heavily on input from a group of experts at all stages of the process.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan & Ainsworth (1992, ref.15)

SCHEMA - System for Critical Human Error Management and Assessment

SCHEMA is an integrated framework of techniques for human factors assessment. The
method has been implemented as a computer program called THETA - Top-down Human

Error and Task Analysis. Techniques employed in the SCHEMA methodology are as
follows: ‘

- hierarchical task analysis for problem definition;

- human error analysis, which identifies action errors; checking errors;
retrieval errors (information from displays, procedures, and memory);
transmission errors (communication between individuals); and selection
errors;

- qualitative screening;

- quantitative assessment, using SLIM; and

- suggested risk reduction strategy, implementation and monitoring of
results.
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References:
Embrey (1990, ref.18)
Task Analysis

Task analysis is primarily a means of problem definition, although elements of error
identification may also be incorporated when conducting a study of human reliability. As
well as describing the intended sequence of actions, such an application of task analysis
indicates points at which errors may be discovered and then recovered.

Several forms of task analysis process are available, a selection of which are as follows.
HTA - Hierarchical Task Analysis

Operator actions are considered in terms of the goals the operator is trying to
achieve. The result is a task model, indicating both the actions that need to be
carried out (tasks and subtasks) and the sequences in which they are performed

(plans).
TTA - Tabular Task Analysis

The information contained in the diagram obtained from HTA may be

supplemented by recording data in tabular format using TTA. This form of task

analysis is particularly useful for dynamic situations which involve a considerable
- amount of decision-making.

Sequential Task Analysis
This form of task analysis examines operator actions as they occur in
chronological order. The technique is most suitable for proceduralised tasks,
although in practice hierarchical aspects should also be considered when
producing a task model.

Any number of techniques may be employed in order to perform a task analysis. A

~ comprehensive review of the methods available, which includes examples of previous

applications, is given by Kirwan & Ainsworth (1992, ref.15). This document stands out
as the most useful source of information on task analysis, and presents case studies
demonstrating previous applications in the offshore industry.

References:

Kirwan & Ainsworth (1992, ref.15)

Function Analysis

Function analysis is a method which identifies the roles of people in a system and their
inter-relationship with equipment and subsystems and is applied in support of task
analysis. Several techniques are available for performing function analysis, including link

10
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analysis which is described below.
Link Analysis

Link analysis is an ergonomic tool, principally of use in designing plant or control room
layout. It identifies the physical elements of a system and the interfaces between them
which are then represented as nodes and arcs, respectively on a link diagram. The length
of each arc indicates its relative importance e.g. frequency of use, within the system. It
is then analysed to indicate the optimal layout in terms of person-machine interfaces
(operation of equipment) and person-person interfaces (communications). The technique
has been applied offshore in the design of control rooms.

References:
Kirwan & Ainsworth (1992, ref.15)
Human HAZOP (Hazard and Operability) Study

The classic HAZOP approach has been adapted to identify the potential for human
failures arising from deviations from intended sequences of actions. Human HAZOP
techniques systematically consider deviations from a set of keywords at each stage of a
task model, documented procedure, or work programme. Several techniques exist, each
with a set of keywords tailored for specific applications. Examples of these include:
Driller’s HAZOP; Operators’ HAZOP; and PHECA - Potential Human Error Cause
Analysis.

References:

Willis, Deegan & Owens (1994, ref.19)
Kile & Magnussen (1994, ref.20)
Kirwan (1990, ref.13)

Kirwan & Ainsworth (1992, ref.15)

SHERPA - Systematic Hurnan Error Reduction and Prediction Approach

SHERPA is a human error analysis technique. At each step in the task model, SHERPA
is applied to identify systematically the potential for human error to occur. It is a
structured question-answer routine and is available in the form of a computer program.
The technique is based on popular models of human error causation derived from
psychological theory. Output is in the form of a human error analysis table which
determines whether errors can be recovered immediately, at a later stage, or not at all,

and attempts to link error reduction measures to causes.

References:

Kirwan (1990, ref.13)

11
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, ' PREDICT - Procedure to Review and Evaluate Dependency in Complex Technologies

f\\ } The PREDICT approach is intended to identify seemingly bizarre human actions and
R | where these actions violate assumptions about the independence of systems. HAZOP-
~ based approaches are said to be limited in that they examine only what is happening
within the process and therefore do not consider interaction between systems. The
PREDICT approach differs from HAZOP in that it directs the analysis both inside and
outside the process and places greater emphasis on identifying ways in which latent
failures may reveal themselves. The approach featmes an extended set of guidewords
which, although allowing a comprehensive analysis, may in practice be tedious to apply.

References:
Williams & Munley (1992, ref.16)
Sneak Analysis

Sneak analysis is a method for identifying latent failures in a system. Hence, when
applied to human reliability assessment, it is particularly useful in identifying errors of
commission. It is based on a systematic consideration of failure modes for each element
of a process and identifies the ways in which the errors can cause the system to fail.

The method was developed for the analysis of electrical circuits and was subsequently
applied in the development of computer software. It is generally applicable to any ‘flow
) oriented’ system and has been applied to identify human errors in process systems.
References:

Hahn, Blackman & Gertman (1991, ref.21)

Event Trees

Event trees are logic diagrams which illustrate how success or failure of specific events
within a given sequence give rise to various outcomes. A specific failure is analysed to
assess the opportunity for recovery at various stages of the scenario.

When applied to human factors assessment, the event tree represents the affect of human
actions on the system (errors and recovery paths) and, through quantification, the
likelihood of undesired consequences occurring. Variants of event trees include the
Operator Action Event Tree (OAET), the Human Reliability Analysis Event Tree (HRAET),
Extended Operator Action Tree (EOAT), and the Commission Event Tree (COMET).

In general, event trees have been found to be sufficient for simple models, but may not
be appropriate for describing systems with interdependency.

References:

Kirwan & Ainsworth (1992, ref.15)

12
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Task Hazard Identification

Task hazard identification is merely the combination of a human HAZOP with an
Operator Action Event Tree. The results are employed as input to fault tree models.

SHARP - Systematic Human Action Reliability Procedure
SHARP is a qualitative screening method which is applied in HRA prior to full
quantification. It filters out errors which are apparently incapable of affecting the system
goal.
References:

Kirwan (1990, ref.13)
APJ - Absolute Probability Judgement
Otherwise known as ‘direct numerical estimation’, APJ is the most direct approach to
quantifying HEPs. It is the simple use of engineering judgement to predict a human error
probability for a given action. Where input from several experts is employed, a number
of methods exist for compensating for biases to deliver a single value.

_ The approach has been applied to many industrial applications, including operations
offshore. The Human Reliability Assessor’s Guide presents a case study of APJ, applied
in combination with THERP to assess the risk of drilling into a live (producing) well.
The assessment was conducted at the design stage for a proposed platform.

References:
Human Reliability Assessor’s Guide (1988, ref.17)
PC - Paired Comparisons
Paired comparisons is a method for generating human error probabilities based on
engineering judgement. A panel of experts develops a scaled ranking of tasks in terms
of relative likelihoods of error. Two or more tasks with known HEPs are used to
calibrate the scale and hence determine HEPs for the remainder.
There is no evidence of any application to the offshore industry.
References:
Human Reliability Assessor’s Guide (1988, ref.17)
HCR - Human Cognitive Reliability
HCR is a quantitative technique which provides cognitive error probabilities as a function

of time elapsed since the onset of an incident. The method assumes that the likelihood of
successful diagnosis increases with the time available to make a decision. HCR was

13
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developed in the nuclear industry as a means to evaluate the likelihood of control room
operators taking the appropriate actions to control an incident and avoid escalation to a
major accident.

The technique considers the effect of three performance shaping factors (operator
experience, stress and interface quality) using one of a set of three time-reliability
correlations. The correlation parameters are derived from nuclear power plant simulation
data. ‘

There is no evidence of any application to the offshore industry.
References:

Human Reliability Asses;sor’s Guide (1988, ref.17)
HEART - Human Error Assessment and Reduction Technique

The HEART method was developed in the mid 1980’s as a means of generating human
error probabilities for use in probabilistic risk assessment at the design stage of a project.
The method concentrates on evaluating the impact of a set of generic ‘error producing
conditions’ which excludes factors which experience has shown do not contribute
significantly to overall system reliability. Hence, some screening is inherent in the
method. '

The technique is based around a database of human error probabilities, which is a
mixture of expert judgement and data from the ergonomics and psychology literature. The
factors are well defined and specific, making them easy to measure.

Since much of the ‘expertise’ is incorporated within the method, it requires only one
analyst to apply. The technique is therefore relatively quick and simple to use.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan (1990, ref.13)

SLIM - Success Likelihood Index Methodology

The SLIM technique is a means of generating human error probabilities for use in
probabilistic risk assessment. It employs a panel of experts to analyse a specific set of
tasks and define their relative likelihood of success given the performance shaping factors
(PSFs) affecting human reliability in those tasks. Reference tasks with known human
error probabilities are included in the assessment so that the data may be calibrated.

The process may be summarised as follows:

- identify the performance shaping factors (PSFs) that affect the set of tasks;
- rate the tasks on the PSFs;

- apply weightings to the PSFs according to their relative importance on affecting
the likelihood of success;

14
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3.5

3.5.1

- evaluate the success likelihood index (SLI) for each task; and
- transform the SLIs to HEPs.

The SLIM approach is comprised of two modules. The first is called MAUD (Multi
Antribuze Utility Decomposition) - a computer application which elicits the judgement of
several experts and then resolves ambiguities and biases between the inputs. The second
module, SARAH (Systematic Approach to the Reliability of Humans) is the mathematical
routine which calibrates the SLIs and converts them to HEPs.

The resource required to perform a SLIM assessment is relatively high. However, once
an initial database has been established, the technique is relatively rapid to apply. It is
highly scrutible and auditable, and has a good theoretical basis.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan (1990, ref.13)

TESEO - Tecnica Empirica Stima Errori Operatori

The TESEO method is an empirical technique to estimate operators’ errors, which was
developed in Italy in the late 1970’s, primarily for the process industries. The human
error probability for a given task is predicted as a function of five factors which are

assumed to be the major determinants of operator performance in any situation being
considered.

TESEO is simple, quick and easy to use. It is also quite crude and both the model and
data lack theoretical justification. There has been little publicised use of the technique and
no evidence of it having been applied in the offshore industry.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Atallah, Shah & Betti (1990, ref.22)

Human Factors in Offshore Activities

The literature has been searched for publications dealing specifically with human factors
in three offshore activities:

- well control;
- service vessel operations; and
- crane operations.

Well Control

Principles behind well control are described in depth in Blowout Prevention (PETEX,
1980, ref.23). The topics include kick detection, mistakes in well control and kick control

15
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3.5.2

3.5.3

3.6

for offshore operations.

There are numerous publications on current best practice and human factors issues in safe
drilling. A selection of these are Wand & Rasmus (1994, ref.24), Bamford & Wang
(1994, ref.25), and the series of articles on Blowout Control currently being published
in World Oil.

Service Vessel Operations

For service vessels, Jolly & Woodall-Mason (1994, ref.26) describe how incident
investigation and analysis was used to improve safety through changes to hardware,
procedures and organisation. Gibson (1992, ref.27) includes a section on emergency
duties as part of a comprehensive description of supply vessel operations.

Crane Operations

Human factors issues in crane operations did not feature in any of the literature surveyed.
Accident and Incident Data

Until recently, the Department of Energy published an annual report, also known as The
Brown Book (ref.28), which contained statistics for "all accidents and dangerous
occurrences on or near installations and pipeline works or on attendant vessels in the
course of any operation in connection with an installation in the UKCS". The data are
coarsely divided across eleven broad categories, including Drilling, Boats and Cranes.
The statistics pertain only to major incidents (deaths, serious accidents and dangerous
occurrences) and provide no indication of the impact of human factors.

In the wake of the Piper Alpha disaster, the responsibility for safety in the UKCS was
transferred to the Health and Safety Executive, Offshore Safety Division (HSE-OSD).
Accident statistics ceased to be published in The Brown Book in 1991. The most recent
data are the 1993 Offshore Accident and Incident Statistics, published by HSE-OSD in
report number OT0-94-010 (ref.29). Incidents are recorded by severity, by operation,
and by broad incident type. Again, the data are not refined enough to specify the human
contribution.

The OREDA handbook (ref.30) contains offshore reliability data collated from the
experience of operators in the Adriatic Sea, and the UK and Norwegian sectors of the
North Sea. The data are recorded according to the item of equipment in which failure
occurred. Similarly, WOAD (ref.31) is a database of worldwide offshore accident
statistics covering the period 1970-1991. Again, the data do not indicate the contribution
of human error to failure rates.

Ynnesdal & Bentsen (1994, ref.32) introduce Synergy, a pilot scheme for registration and
analysis of Norwegian offshore incidents affecting health, safety and the environment.
Waterfall et alia (1994, ref.8) present an approach to incident investigation and analysis
which is aimed at monitoring the performance of safety management systems. It

incorporates the TRIPOD theory to record human and organisational factors contributing
to dangerous incidents,
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There has been little effort in the UK offshore industry to collate human reliability data
for any of its operations. The offshore risk assessment culture is still geared up to
hardware-based reliability data. Safety cases have, in general, been submitted on the basis
that failure data have human error inherent within them. Rather than examining human
factors as the cause of incidents, the emphasis has been on considering the impact of
human factors in response, i.e. from the potential escalation of incidents through to full
and safe evacuation.

Although there is as yet no database in the public domain, there is evidence to suggest
that human error data collection has begun in parts of the oil and gas industry, e.g. see
ref.33.

Data for Drilling Operations

Some incident and accident statistics are provided by Baker (1992, ref.34) in a review
of trends in drilling accident causation and risk reduction. Kick frequency data is
presented in a recent article by Aarestad (1994, ref.35) which describes a Norwegian
initiative for information and data exchange.

The Oil Industry International Exploration and Production Forum (1992, ref.36)
Hydrocarbon Leak and Ignition Database contains an entire appendix on blowout
frequency. Approximately 10% of wells in the database are located in Europe, i.e. UK,
Norway, the Netherlands and Denmark.

Data for Service Vessel Operations

The performance of attendant vessels in emergencies offshore is the subject of an
Offshore Technology Report OTH 87 274 (ref.37). The report examines the availability
and capability of attendant vessels in providing emergency services based on a review of
worldwide data. It also provides details of several evacuation incidents.

Lloyds Casualty Reports are renowned as a frequent and accurate source of information
on incidents involving service vessels, e.g. impacts with rigs.

- Data for Crane Operations

SINTEF (1989, ref.38) presents a method to assess the probability of dropped objects
causing damage to subsea facilities. As part of this method, estimates of drop probability
are established on the basis of past accident reports and expert judgement. Actual data
are drawn mainly from the UK sector from sources such as The Brown Book (ref.28).
The data are general (average over a large number of platforms) and provide no
indication of the contribution of human error.

17
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4.0

PROJECTS IN PROGRESS AND FORTHCOMING EVENTS

While researching the latest developments in human factors in offshore operations,
several projects and conferences have been identified as potential sources of future
information. These are included in the review as they are likely to represent the ‘state of
the art’, even though no reports or proceedings are yet available.

The Robert Gordon University (RGU), Aberdeen is conducting several human factors
projects for the offshore industry, the results of which will be published by HSE. The
topics of these studies include analysing stress in survival course trainees; application of
information technology to training; and risk perception in offshore workers. RGU has
organised a conference "Understanding Risk Perception”, Aberdeen, February 2nd 1995,
where the findings of the study will be presented.

HSE continues to fund studies by the Department of Experimental Psychology, Oxford
University into human factors, shift work and alertness in the offshore oil industry. Other
human factors projects commissioned by HSE include a humhan factors analysis of drilling
control (report at approval stage) and a study on physical selection for rescue craft crew.

Conferences recently organised by IBC Technical Services Limited include "Task
Analysis for Industry”, London, December 6th 1994, and "Drilling Technology
Conference", November 24th 1994,

Incident and Accident Data

Incident data collection is an increasingly important issue in the UK. The HSE is
currently in the process of amalgamating incident data from all industries into a single
database and is keen to extend industry’s obligations for incident reporting to cover ‘near-
misses’ as well as ‘major incidents’. In the offshore industry, the role of the
UKOOA/HSE Failure Rate Data working group includes human error data but at present
the group is focussing on hydrocarbon equipment leak data.

18
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5.0

CURRENT APPLICATIONS OF TECHNIQUES

There is evidence to suggest that the qualitative and pragmatic methods of task
observation and analysis have found some application in the offshore industry, though
their use is by no means widespread. A criticism of these techniques is that although they
indicate where deficiencies in human factors may have an adverse influence on the safe
execution of tasks, they do not provide sufficient information to effectively address the
problems identified. All too often, results indicate a need for more training, better
procedures, greater competence, etc., but are not specific in terms of the level of
improvement that would be considered sufficient.

Other, fundamental criticisms of current techniques include:

- several techniques are based on models of human failure that are yet to be
validated; and

- with the apparent exception of the Influence Diagram Approach, techniques
generally model performance shaping factors as independent, when in fact this
may not be the case.

To gain acceptance, techniques must demonstrate the benefits of introducing change and
that such measures will prove to be cost-effective. However, as Atallah, Shah & Betti
(1990, ref.22) points out, no studies are available to show the link between performance
shaping factor modification and reduction in human error probability. This makes it
difficult to perform meaningful cost-benefit analysis.

As described above, there is a general lack of data on human error probabilities in the
public domain. This may be attributed to:

- the ‘denominator problem’, i.e. estimating the number of opportunities for errors
to occur in real tasks;

- confidentiality and unwillingness to publish data relating to poor performance; and
- lack of awareness of the usefulness of data collection.

However, regulatory bodies are taking a keener interest in the reporting of incidents and

- of the human factors contributing to the causes. The Norwegian Petroleum Directorate

is already actively addressing this problem in the Norwegian offshore industry. In the
UK, HSE is also eager for improved reporting of incidents, although at present, apart
from major incidents (deaths, serious accidents and dangerous occurrences), incident data -
is provided mostly on a voluntary basis.

Other potential sources of human error probabilities are simulator data and lab-based
studies. However, these data are obtained in artificial environments, so their applicability
to real situations is questionable.

It may also be possible to translate human error data from other industries. Potential
sources include the nuclear industry and the Gulf of Mexico offshore industry.

Due, in part, to the paucity of human reliability data, several of the techniques featured
in the review have been developed to generate human error probabilities (HEPs) as input
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to quantitative risk assessment (QRA). These methods are generally perceived as too
V) subjective and not entirely appropriate in meeting the data requirements of QRA. They
b have found little application in the UK offshore industry and so, in the absence of any
‘hard’ data, there has been a general reluctance to perform quantitative analyses.
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6.0

CONCLUSIONS

The literature review has covered a broad subject area and features much of the most
current information available. It has focussed on identifying references to techniques
which may be used to assess the impact of human factors on the safety of offshore
activities. Sources of offshore incident and accident data have been examined, though it
has been discovered that these seldom provide information concerning the contribution
of human failure.

There has been an apparent reluctance within the UK offshore industry to perform human
factors assessments. This may be attributed to a number of factors:

1. human reliability data specific to offshore activities are scarce;

2. as a consequence, quantitative assessment relies heavily on expert judgement and
is therefore perceived as time consuming, subjective and difficult to validate;

3. in terms of practical risk management, results have proved of little use in
improving the control of hazards; and

4, there is an apparent lack of validation, theoretical or otherwise, for techniques in
general.
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SYSTEM SAFETY ANALYSIS TECHNIQUES

The purpose of a hazard analysis is to identify and evaluate hazards within a system in order to
determine the safest, most efficient means of controlling the hazards identified. Generally, hazard
analyses include the following (MSHA, 1986):

1.

Gain an understanding of the system.
Define the scope and purpose of the analysis.
Select and apply an analysis technique.

Evaluate the results.

Hazard classification procedures are often used to establish priorities for correcting potential
hazards or system failures. Hazards may be classified according to hazard severity and/or
probability of hazard occurrence. The following hazard classification systems are typically used:

Category Hazard Severity
L Catastrophic May cause death or system loss.
II.  Critical May cause severe injury, severe occupational illness,
or major system damage.
III. Marginal May cause minor injury, minor occupational illness,
_ or minor system damage.
IV. Negligible Will not result in injury, occupational illness, or
system damage.
Level Qualitative Hazard Probability
A.  Frequent Likely to occur frequently.
B.  Reasonably Will occur several times in the life of the system
Probable
C.  Occasional Likely to occur sometime in the life of the system.
Remote Unlikely to occur but possible.
E.  Extremely Probability of occurrence cannot be distinguished
Improbable from zero.
F. Impossible Physically impossible to occur.
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Several hazard analysis techniques, also referred to as system safety analyses, have been
developed. The most common of these analysis techniques are briefly described below.

GROSS HAZARD ANALYSIS (MSHA, 1986)

A gross hazard analysis (GHA) provides a general, qualitative assessment of a system's potential
risks. The GHA, as its name implies, is a "gross" analysis of the system and is usually refined
through additional evaluation. Brief descriptions of potential hazards are provided, with special
consideration being given to the sources of energy and hazardous materials included in the
system or its environment.

GHA normally uses a logic diagram or table in which potential high-risk situations are noted
along with their possible causes. Additionally, for each hazard identified, preliminary means of
control are provided.

FAILURE MODE AND EFFECTS ANALYSIS (MSHA, 1986)

A failure mode and effects analysis (FMEA) determines those components of the system where
failures can occur and assesses the impact of the failures. The following information is listed on
an FMEA chart: item, failure mode, effects on other items, effects on the system, probability of
occurrence, severity level, criticality (probability X severity), detection methods, and remarks.

Items in the system are identified first, including people, equipment, materials, machine parts,
and environmental elements necessary for system operation. The mode(s) in which each item
can fail are then determined (e.g., a valve or switch can fail in a closed position or in an open
position). Additionally, consideration must be given to the possibility of two or more items
failing in combination since combined failures are often more severe than individual item
failures. Next, the effects on other items within the system and those on overall system
performance are considered. The seriousness of each failure or failure combination are then
evaluated using Severity and Frequency Indexes (see descriptions in Operating Hazard Analysis
section below). A Criticality Index, the product of the Severity and Frequency Indexes, is
determined for each component of the system. Methods of detecting each failure are then
determined, and any additional remarks are noted on the FMEA form.

The information gained from the FMEA is used to establish priorities for modifying the system
to eliminate or minimize hazards or to reduce their consequences. The FMEA may also help to
determine where additional failure detection methods are necessary.

TASK ANALYSIS (Salvendy, 1987; DeGreene, 1970)

~ Task analysis has been the most widely used human factors method of systems analysis. This

technique describes and analyzes the performance demands made on the human elements of a
system. This type of analysis provides data for human engineering design, determination of skill
types and levels, and determination of training requirements. Task analyses should involve the
following steps:
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10.

Specify the system criterion to the extent possible.
Determine the system functions.
Relate each function to a machine input or operator control.

For each function, determine the display information necessary for operator

decisions to activate a control or monitor a system state.

Determine indications of control-activation adequacy fed back to the operator.
Determine environmental effects and constraints.

Determine time loadings on the operator and the frequency of task repetitions.
Determine special skill requirements.

Determine special criticalities.

Make certain that each stimulus is linked to a response and each response to a

stimulus.

Task analyses may be presented in a variety of formats, including tables, graphs, and matrices.
The wide variety of systems being evaluated precludes the standardization of formats.

OPERATIONAL SEQUENCE DIAGRAM (Salvendy, 1987)

An operational sequence diagram (OSD) graphically depicts the information-decision sequences
a system must undergo to complete a mission. An OSD has the three main uses (Kurke, 1961,
from Salvendy, 1987): to establish sequence-of-operations requirements between subsystem
interfaces at various levels of system analysis; to depict the logical result of each of several
decision-action sequences; and to evaluate panel layout and work-space designs. The central
- concept of an OSD is the decision. Information comes to the component (e.g., the operator), a
decision is made, and an action is taken.

The following set of standard symbols is used to represent manual operations in an OSD:

Hexagon - operator decision

Square - action (e.g., control operation)
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Triangle resting on point - transmitted information
Circle - received information (e.g., indicator display)

Half oval resting on round end - previously stored information (e.g., knowledge)
In addition to the above symbols, the following depict special codes:

Double-lined symbols - automatic operations
Solid symbols - no action or no information

Half-filled symbols - partial information or incorrect operations owing to noise or error
sources in the system

OPERATING HAZARD ANALYSIS

An operating hazard analysis (OHA) considers foreseeable misuses of equipment from the
perspective of the operator/user, concentrating more on behavioral aspects rather than the
integrity of the components. OHAs may be presented in a table or a prose format. The OHA is
performed by analyzing each operating mode of the system, including the components involved
in that operating mode, a description of the potential hazards associated with proper use and
misuse of the equipment, and the hazard effects. The OHA also implements a Severity Index and
a Frequency Index. Severity may be divided into four classifications with associated Severity
Indexes as follows:

Negligible (0.0 -‘0.2): Failure will not result in damage to equipment. Less than
minor injury will result from the failure.

Marginal (0.3 - 0.5): Failure will result in minor damage to equipment. Repairs
are not necessary. Failure will result in minor injury.

Critical (0.6 - 0.8): Failure will result in substantial damage to equipment.
Immediate repair/replacement is necessary. Failure will
result in severe injury.

Catastrophic (0.9 - 1.0): Failure will result in severe damage to equipment.
Immediate replacement is necessary. Failure will result in
severe injury or death.

Hazard frequency, with the associated Frequency Indexes, may be classified as follows:

Extremely remote (0.0 - 0.2): Assumed not to occur within the life of the system.
Remote (0.3 - 0.5): Not likely, but possible, to occur within the life of
the system.

Reasonably probable (0.6 - 0.8): Likely to occur once within the life of the system.
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Probable (0.9 - 1.0): Likely to occur several times within the life of the
system.

The Risk Index, which is the product of the Severity and Frequency Indexes for each condition,
is calculated to determine those hazards which warrant further investigation.

FAULT TREE ANALYSIS (MSHA, 1986)

A fault tree analysis (FTA) employs a logic diagram or "fault tree" to determine the causes of an
undesired event. Only one event is analyzed in a single fault tree. This undesired event is
located at the top of the fault tree, and all of the circumstances that can lead to the event are
determined. These circumstances are then broken down into the events that can produce them,
and this process continues until all events and their sources are identified.

Certain shapes and symbols are used in the FTA to represent events and their logical
relationships. Characteristics of the event are indicated through the use of circles, rectangles,
diamonds, and house-shaped figures. Additionally, "logic gates" (e.g., "and" gates, "or" gates)
are used to show the manner in which events at one level of a fault tree combine to produce an
event at the next higher level.

Evaluation of the sequence of events is made easier through the use of these symbols and shapes.
Mathematical techniques are used to evaluate the events qualitatively, although many evaluations
are often based on subjective opinions, experience, and judgment. The FTA provides a means to
determine the overall likelihood of the undesired event, the event sequences and combinations
that are most likely to occur, and the events that contribute the most to these sequences and

combinations.
TECHNIQUE FOR HUMAN ERROR RATE PREDICTION (MSHA, 1986)

When specific behaviors are repeated many times it is possible to evaluate and predict human
error involved in an operation. The Technique for Human Error Rate Prediction (THERP) is one
method used for such evaluations. The basic steps involved in a THERP analysis are as follows:

1. Select an undesired event or system failure for study.

2. Identify all human tasks that may contribute to the occurrence of the u1-1desired
event.

3. Separate eéch task into "behaviors."

4. Assign a "basic error rate" to each "behavior."



5. Determine the category of the potential error associated with the "behavior."
6. Introduce countermeasures to control the error.

THERP uses "behavior" as the basic unit of evaluation. Each behavior can be divided into the
following three elements:

1. Inputs - stimuli that are available or necessary for the behavior (e.g., instructions,

signals, movement, labels, gauges, etc.)

2. Mediation - a mental process that leads to a decision (e.g., identification,

recognition, reasoning, judgment, etc.)

3. Outputs - actions such as changing the positions of objects, levers, switches, etc.,

or giving oral or written responses.

Each event may be further described by the types of errors committed. For each of the elements
of "behavior" described above, errors may be classified as intentional, unintentional, or by
omission.

THERP also utilizes a "basic error rate," which assumes that the rate of human error for a
particular behavior is relatively consistent among different tasks. Basic error rates are derived
from experience or data from studies of tasks that include identical behaviors and are expressed
as the number of errors per million behavior occurrences. Those errors that are most likely to
lead to an accident are given first priority for control, and basic error rates are adjusted as these
controls are incorporated. Controls are incorporated until human error is deemed as an unlikely
contributing source to the undesired event. It should be noted that the use of THERP is
somewhat limited due to the present lack of accurate error rate data.
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DESCRIPTION OF OFFSHORE DRILLING OPERATIONS

WELL KICKS
(excerpts from Petroleum Extension Service, 1968)

General

A well kick occurs when the well pressure drops below the formation pressure. This may be
caused by a drop in the drilling mud density and/or when the pipe is being pulled out of the hole,
causing a pressure reduction. The first positive indication of an impending well kick is an
increase in volume of the drilling mud in the pit. Increasing volume in the pit may be determined
by many methods, ranging from simply having a rope with a metal object tied to its end hanging
over the pit suspended at mud level, to using more elaborate mechanical pit-level indicators and
mud-flow sensors. The author notes that it is good practice to work with small volumes of mud
on the surface when drilling small holes so that small changes in volume can be detected before
too much fluid enters the hole.

Well Kicks While Circulating

A kick which occurs while circulating will result in an increase in pit volume. Additionally, just
prior to, and during the kick, there is normally an increase in drilling rate, a decrease in pump
pressure, and an increased pump speed.

Well Kicks When Pump is Shut Down

When the pump is shut down during a well kick, there will be returns at the flow line, indicating
formation fluid flow (i.e., formation pressure is greater than hydrostatic pressure alone) and the
need to increase mud density. It should be noted that a discharge at the flow line when the pump
is off is not always cause for concern. If a lost circulation has occurred (i.e., drilling mud was
lost to fractures, permeable formation, etc.) and the mud weight was subsequently reduced, the
formation may give up some of the lost mud when the pump is shut down. In this case, no
increase in mud density is necessary.

Well Kicks When Coming Out of the Hole

Because the hole pressure may be reduced to a value less than formation pressure when pipe is
being pulled out of the hole, kicks often occur at this time. This condition can be recognized
when the hole does not take the an adequate volume of mud to compensate for pipe
displacement, indicating formation fluid flow into the hole.

Blowout Prevention

When it is discovered that the well has kicked, the most direct way of determining the additional
pressure required to stop the flow into the hole is to pick up the kelly (i.e., the uppermost pipe of
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the drill pipe string), stop the pump, close the well in, and read the pressure on the standpipe
gage after pressure stabilization. The driller should then slowly start the pump and observe the
buildup of pressure on the standpipe gage. (NOTE: The standpipe is the pipe through which mud
is pumped, by way of the kelly hose, into the hole.) The pressure at which flow starts as the
valve opens should be noted and the weight of mud required to balance the formation pressure,
along with a safety factor for sufficient overbalance, should be calculated.

SURFACE VESSEL (SUPPLY SHIP) OPERATIONS

(excerpts from Gibson, 1992)

General

— supply ships are usually required to berth and unberth in extremely restricted areas

— snatching cargo at offshore installations has now become the rule rather than the exception;
during transit the crane lowers its hook and the lift is attached and lifted off the vessel;
remaining within the range of the crane boom is, therefore, probably the most important
supply ship activity

— offshore cranes have also developed with this in mind, and the cranes on more modern
platforms can reach any part of the vessel while it stands off at a reasonable distance;
however, some rig cranes with extremely short jibs are still in service

Positioning the Ship

— the classic snatching position is on the lee side of the platform with the vessel at right angles
to the rig; this position gives the best view from the bridge regardless of the position of the
funnels and also provides the quickest means of escape from the locality of the installation

— the ship must then be held in position if it starts to drift off target

Heavy Lifts

— heavy lifts restrict the radius of the crane's safe operating area, thus the ship must be closer to
the platform than would otherwise be required; on most rigs this requires that the ship be
extremely close and that the lift be placed as far aft as possible

— must also consider the vertical movement of the ship; the big block is always extremely slow,
so the crane driver cannot follow the movement of the ship; thus, it is possible for a lift to
land heavily enough to damage the deck or some part of the deck structure



Joystick Operation

— single-stick maneuvering capability is now a requirement for virtually all vessels operating in
the North Sea; to allow cargo operations to take place without the use of ropes and to allow
the master to handle the ship for very long periods

— the joystick is connected to a computer which is interfaced with the gyro-compass to
maintain the set heading; the computer activates the engines, thrusters, and rudders to move
the ship in that direction

Tying up to Offshore Installations

— in the North Sea, tying up is becoming less and less common; even if weather conditions are
calm and ropes are available, many masters prefer to snatch

— in extremely calm offshore waters (e.g., the Gulf of Mexico), the installations have facilities
for supply ships to tie up alongside

— Procedure: ships drop anchor some way off the installation and then back up into the wind or
current until they are within range of the crane; distance of anchor from the rig depends
principally on the amount of cable carried by the ship

Anchor Handling

— an exploration rig is held in place by a spread of 8-10 anchors, and it must remain in that
position for the duration of the hole

— anchor handlers must run the anchors out from the rig and position them on the sea bed at the
correct distance

— anchors must be capable of being recovered and returned to the rig

Stowing and Securing Cargo in Port

— cargo on offshore supply vessels is stowed on the deck (relatively simple location); all cargo
arrives in a unitized state and is all pre-slung so that it can be removed from the vessel with

reasonable ease

— basic unit of cargo is the container, ranging in size from 40 X 48 inch internal dimensions to
20 foot high containers

— non-standard loads may include well testing and flaring equipment, generators, scaffolding,
tubulars (e.g., casing, drill pipe, marine riser and piles), etc.

— other cargoes which must be given special consideration include helifuel tanks (explosive)
and food
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a chain should be fixed across the aft end of the vessel for cargo to be loaded against

cargo is usually loaded solidly from aft to forward and then secured at the fore end by
running a tugger wire across it, attaching the hook to the crash barrier at one side and leading
it through a snatch block at the other

part cargoes are most frequently loaded against one crash barrier and then secured with the
tugger wires or by chaining them tightly using cargo chain and chain tensioners

Offshore Discharge of Cargo

— upon arrival at the offshore location, establish radio contact with the deck of the installation

must establish timetable for offloading, crane positions, and best storage points for cargo
deck crew assembles on deck wearing safety gear (at least steel-toe boots and safety helmets)

main danger to deck crew during cargo work is the possibility of being crushed by containers
(e.g., when waves get aboard, the coefficient of friction between the containers and the
wooden deck is reduced, and heavy objects can easily move)

NOTE: Refer to "Crane Operations" section for further description of discharge procedures.

Discharge of Bulk Materials

— cargoes such as gas oil, potable water, drill water, drilling fluid (oil-based mud), and dry bulk

materials such as cement and barytes for drilling fluid are discharged by means of hoses
there is no problem with hoses as long as the vessel is tied up to the installation

due to the complexity of the pipework within the vessel, it is easy to make errors which can
result in accidental discharge of liquids or solids overside or of discharge of the wrong
commodity to offshore installations; possible procedures for minimizing such accidents
include: color coding lines/end caps, checking contents of tanks prior to discharge, checking
valves, etc.

Mud Tank Cleaning Operations

— accumulated solids which settle out from the drilling liquid during carriage must be removed

from the tanks using tank cleaning machines



CRANE OPERATIONS
(excerpts from Gibson, 1992, unless otherwise referenced)

General

— the deck crew should be trained to use hand signals to indicate to the crane driver what is
happening on deck: pointing to the container which is being discharged and, after the hook is
attached, signalling that the container is ready to be lifted

— "One for one" technique - platforms are usually limited for deck space and will seldom be
able to take all cargo without first landing empty containers aboard the vessel; as one full
container is lifted onto the platform, one empty one replaces it on the vessel; to get to the full
cargo containers on the vessel, the deck crew will have to climb onto the top of the cargo and
stand on the container to hook it on and are, therefore, unprotected and may slip down onto
the deck or even over the side of the vessel

— for heavy lifts, the crane is required to use its large block and to reduce the radius at which it
can lift to prevent overturning

— Although no data were found relating directly to crane accidents on offshore drilling rigs,
Shapiro (1980) cites a study of mobile-crane accidents by Butler (1978). Of 176 accidents
studied, the following types of accidents were noted: overturnings (49%); structural damage -
human error (14%); boom over cab (14%); rope failures (13%); wind (6%); structural
damage - machine defect (5%); miscellanecous - man crushed between counterweight and
obstruction (<1%). The percentage of injuries and/or fatalities attributable to each type of
accident are as follows: overturnings (71%); structural damage - human error (10%); boom
over cab (3%); rope failures (10%); wind (0%); structural damage - machine defect (5%);
miscellaneous (3%).

Safety Hook

— crane comes down with a 'leg' on the main hook of the whipline; on the end of the leg is a
safety hook, which is usually operated by pushing a short lever on the back of the hook up or
down, allowing the jaw to open and be put around the ring on the container lifting gear;
safety hooks ensure that: 1) the cargo does not fall off the hook during transport, and 2) the
crane does not become attached to the vessel

Crane Becoming Attached to the Ship

— if the hook does become attached to the ship, the crane driver can: 1) remain in the cab and
let out the whipline, hoping that the deck crew of the supply ship can detach the hook, or 2)
leave the cab before the crane is pulled into the ocean
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: p — the author notes that the problem of a crane becoming attached to the ship could likely be

£ diverted if lighter cargo handling equipment (i.e., crane leg and crane hook) were used,
commensurate with the weight of the lifts (most currently have a working load of 20 tonnes,
when a working load of only 5 tonnes would be adequate in most situations); this would
allow for easier handling by the crew on deck and, if the crane did become attached to the
ship, the legs would be more likely to break rather than pulling the crane overboard; the crane
leg and hook could be changed for excessively heavy loads; the author notes that this is
conventional cargo handling practice in other industries

Discharging Tubulars

— tag lines are normally required for the discharge of tubulars so that the lifts can be guided
into the correct positions on the rig deck

— two legs are slung onto the main hook, and tag lines should be attached to the .shackle above
each hook so that they do not have to be tied on to each lift
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Appendix C

Shift Work and Work Schedules



So for example, let’s examine a shift of 12-hour duration. These “compressed work weeks”
involving less than five shift days can be denoted as 4-4-4-4. Table 1 below shows the rotating
hours for this compressed 4-4-4-4 continuous work week:

Table 1.

Rotating hours and continuous work weeks for compressed 4-4-4-4 schedule

M = Monday, T = Tuesday, W = Wednesday, T = Thursday, F = Friday,
S = Saturday and K = Sunday

D = Day Shift
N = Night Shift
O =Day Off

This means the worker has four days of DAY shift (twelve hours worked between 1000 and 2200
hours), four days off, four days of NIGHT shift (twelve hours worked between 2200 and 1000)
and another four days off. This basic sequence repeats itself every 16 days. Hence the notation
of 4-4-4-4: four days of one shift, 4 days off, 4 days of a different shift and 4 days off.

This notation can also be used to show any changes in work/rest cycles in a daily schedule
composed of 24-hours, such as a 4-4-4-12 schedule for one day. For this example, in one 24-
hour period, the worker works 4 hours, rests 4 hours, works 4 hours and rests 12 hours. This
notation seems common in military settings where they are examining short bursts of continuous
operations, like military training exercises or even the Desert Storm conflict.

Human-Factors Variables in Shift Work Research

Several factors are under investigation in shift work research. One includes the effect of
circadian rhythm on performance. Circadian rhythm is also known as our internal biological
clock. We have our own natural way of time keeping, which works on a 25-hour cycle. The
circadian system has been shown to effect physiological and behavioral variables like body
temperature, hormone secretion, alertness and reaction time (Moore-Ede, Sulzman, and Fuller,
1982). Discussion of circadian rhythms’ effects are prevalent in rotating shift research and the
third-shift (or NIGHT) worker. By way of example, it has been shown that third-shift workers
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factors not under control could be responsible for the results. These would include worker
motivation, morale, management’s outlook on labor scheduling, and individual differences in
training and experience levels.

The schedules tried in industry run the full gamut of combinations of days on/off and hours of
work per day, starting and stopping time and leave granted. Each industry is different, with
unique needs and oftentimes union demands which conflict with management’s desires. It is
very difficult to draw any conclusions about the “best” schedule for a particular industry. Most
research has examines schedules already in place and tries to figure out what the problems exist.
The implementation of recommendations from research is a slow, tedious process. The 12-hour
shift came about by an overwhelming acceptance by the workers who viewed this schedule as a
panacea with more days off. In spite of the mixed results, some guidelines have emerged
consistently from the literature.

Some Factors in 12-hour Shift Work

Some industries, like ones where intense physical labor is required, may not be good candidates
for a 12-hour compressed schedule. Older workers adjust less easily to this new schedule. Some
health problems are reported, including fatigue. Safety under degraded performance is always of
concern. Fatigue is a natural result of extended workdays and compressed work weeks.

Scheduling of shifts. Scheduling is a compromise between the wants and needs of industry to
maximize its output, sometimes at the expense of the worker. Research has shown that 4/4 (days
on, days off) scheduling, for extended periods of time (more than 30 days) is better than 4/2.
Workers maintained a higher level of performance under the 4/4 versus the 4/2 scheduling. Also,
the 4/4 schedule results in fewer sick days and personal days away from work. The 4/4 schedule
was also superior to the 6/2 schedule.

Shift start time variability played a large role in railroad safety engineer work shift length and
schedules. Fatigue was shown to be a function more of the start time variability than the actual
number of hours spend on duty. Coming to work at a consistent time is important.

Continuous operations require weekend work scheduling. The preferred schedule by workers’
standards is the every other weekend off. This schedule guarantees every other Friday, Saturday
and Sunday free. No employee works more than 3 consecutive days or nights and each has
consecutive days off (Friday, Saturday and Sunday) every two weeks. The workers prefer the
regularity and frequency of the weekends free for leisure. Management gains by minimizing
time away from work, since no more than three consecutive days between Monday and Friday
are off for any one employee - thus, maximizing communication among crew workers.

Rotation of shifts. There has been some controversy about permanent versus rotating shifts.
However, even permanent shifts do not allow workers to fully adapt to evening or night work
hours. The reality of our daytime-oriented society, combined with circadian rhythm constraints,
preclude this adaptation. Also, nighttime work hours have been described as a hazard to be
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avoided. Theoretically, rotation of shifts allows the nighttime work hours to be spread out across
a greater proportion of the workforce, thereby minimizing exposure of the individual worker.

The speed of rotation of shifts from morning through night has been studied. Speed of rotation
for 8-hour shifts in the U.S. is usually slow, with 5-7 consecutive days followed by 5-7
consecutive nights. Extended workdays with 12-hours worked usually require faster rotations of
2-4 consecutive days on shift. Arguments can be made in favor of either rotation speeds.
However, slow rotation seems more acceptable to workers. The slow rotation allows for some
adaptation of circadian rhythms to the nighttime schedule. Workers” personal life seems to
benefit from the advance planning that a slow rotation gives.

Fatigue factors. Fatigue is a natural by-product of extended work days and the compressed
work week. Fatigue is brought on by more hours on the job, combined with fewer hours of sleep
accomplished by most nighttime shift workers.

Fatigue can lead to decreased performance on certain types of tasks. Fatigue has other results -

sleepiness and decreased alertness. There has been some correlation between accidents, injuries
and subjective feelings of fatigue. Many workers have reported fatigue during the 9th-12th hour
on the job. Break scheduling seems to be an effective way to break the consequences of fatigue.

Effect of environment on shift schedules and performance. Research has shown some positive
effects of the specifics of the environment and 12-hour shifts. Studies where controlled
environmental conditions existed for workers on 12-hour shifts found equal performance with
workers on a less-demanding schedule. The less-demanding schedule was defined as the 8-hour
work shift, where all physical demands are met by workers themselves on their off-duty periods.
The controlled environmental conditions are those where all physical needs are provided -
housing, food, recreation, etc.

One example where this environment was advantageous to performance is on an offshore oil
refinery. Living and sleeping quarters are provided, along with meals and recreational facilities.
Tightly enforced regulations and procedures to ensure safety are also a part of the offshore
environment. Health of workers is more closely monitored in the offshore environment.
Offshore workers live and work in a 24-hour environment where meals and recreational activities
provide a similar routine for both day and night workers, so adaptation to night work is less
difficult. There are no competing social and family demands on the offshore workers. Offshore
employees also may have an environment with no windows and therefore, no natural light to
interrupt sleep. However, this same offshore environment also had negative effects on workers.
These effects are isolation, limited and confining living and working space, exposure to
elements, potential hazards and very severe consequences of failures and oversights, lack of
privacy and proximity to work mates during off-duty hours. Constant reminders of hazards and
need for constant vigilance can lead to more anxiety among workers. The noise of the
machinery, etc., can also be a distraction to sleep.
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Task performance. Not all tasks suffer from the effects of fatigue equally. It has been shown
that work involving heavy physical labor can result in fatigue. Repetitive or vigilance tasks have
been shown to result in fatigue-induced performance after shorter periods of time (8 or fewer
consecutive hours). Examples of industries where vigilance tasks might be prevalent are nuclear
power plants, chemical, petroleum and oil refineries. Tasks involving eye-motor coordination
have shown a decrease in performance over the 12-hour shift.

Break scheduling has been reported to be an important factor in alleviating the effects of fatigue
on task performance. Breaks have been recommended to be customized for 12-hour shifts since-
workers report fatigue during the last few hours of the extended work day. Petroleum and
chemical industries were cited as having rest periods available frequently. Therefore, although
the job may be physically challenging, rest breaks ameliorated the fatigue effects.

Laboratory studies report good ability on the part of the worker to cope with longer shifts and
compressed workweek (12 hour day). Other studies have said that performance deteriorates
across 9-12 hours on shift. There are also individual differences to how individual workers
respond to tasks, as a function of fatigue and extended workdays.

Accidents and the 12-hour shift (compressed work week). There are conflicting results from
studies on this subject. Extended hours intensify errors during night shifts, particularly between
the hours of 0300 and 0600. Another look at accidents expands the window when most accidents
occur to between 0200 and 0600 hours. Accident and injury analyses show more accidents occur
in the last three hours of the shift. Accident frequency for certain injuries increased (specifically
ladder falls) and overtime accidents increased. Accidents in some of these studies refer to
worker injuries.

In a study of the 12-hour shift in petroleum and chemical industries, none of over 50 plants
surveyed reported increased accidents as a results of the 12-hour schedule. However, these
plants put an increased emphasis on and monitoring of safety procedures while the 12-hour shift
was being implemented.

When accidents are on the rise, they are attributed to working long hours and fatigue, as well as
increased risk due to exposure. It makes sense that if you are at work for longer numbers of
hours, then your probability of being injured due to exposure to danger for more hours could
increase.

In an exhaustive review of extended workdays and safety, there is little objective information on
the nature and degree of safety and health risk associated with extended workdays. Although,
some industrial groups, like mining, chemical and oil refineries have displayed increased or more

serious accidents.

Some positives on the 12-hour shift. The increase in workers’ days off is an obvious off-shoot
of the 12-hour shift. Workers generally have an overwhelmingly positive attitude and support of
the 12-hour shift, presumably due to the increased days off. Worker morale was found to
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improve in the petroleum and chemical industries studies, which might offset some of the
negative effects of fatigue.

Physiological measures examined did not suffer under the 12-hour schedule.

The every other weekend off schedule, as opposed to the 3/3 or 4/4 or traditional 6/2, might be
the schedule which would win the favor of most employees. Maximum flexibility in scheduling
personal time and leisure is seen as the plus. :

In the offshore environment, there are no competing social and family demands. When they are
at work, workers are concentrating on their tasks. When they are off work and on shore with
their families, they can concentrate on that part of their lives.

Summary

We are becoming more familiar with the capabilities and limitations of the human being in
different settings. We recognize circadian rhythm and its effect on behavior and performance.
We know about fatigue and its relationship to certain types of task performance. However, every
set of circumstances encountered in an industry is different. It is different for a number of
reasons including demographics, workforce composition, nature of tasks on the job, long-term
effects of schedule changes, experience level of the workforce, health of workforce and other
factors outside one’s control.

The industry considering or employing a compressed work week and extended work days must
look closely at many factors. The age of the employees - where older workers do not adjust well
to longer work days. The experience and motivation of employees, combined with their physical
health, can reduce the negative effects of fatigue, decreased alertness and sleepiness. This
reduction in fatigue can also lead to fewer accidents. Rest break periods should be scheduled
judiciously, especially toward the end of the 12-hour shifts - the last 3 hours or so.

The specifics of the types of tasks being performed by the employees must be evaluated to see
how they respond to fatigue. A closed or restricted environment should be considered for
specific industries with extended work week schedules, like offshore oil refineries. The positive
offshoots of the confined environment may outweigh the negative factors. Workers do not have
to deal with competing social and family demands. Their physical demands are met - housing
meals and social and recreational activities.

Shift scheduling appears to favor the 4/4. The every other weekend off is the favorite of workers,
if management can make it work to meet their goals of productivity.

The realization of the 12-hour day, compressed work week is upon us. There are large individual
differences in response to this schedule and every industry has differing experiences (positive
and negative) and problems with the compressed work week. The particulars of the industry,
tasks, work force age, health, motivation, etc. and management’s attitude play a large role in the
success of the 12-hour day, compressed work week.
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tendency towards a higher risk of accident the earlier one started working. In addition to type of
shift worked when accident occurred, question arose if the sequence of shifts and days off
influenced actual accident risk on a given day. Results showed no interaction between type of
shift on preceding day, actual shift and bus drivers’ accident risk. Two successive days off did
not have an effect. No association was found between total duration of rest periods and accident
risk. Conclusion drawn was that accident risk may be determined by actual situation on the
working day (type of shift, starting time and duration of work) rather than by interruptions in
course of working day or by events on preceding days.

Baker, K., Olson, J., and Morisseau, D. (1994). Work practices, fatigue, and nuclear power
plant safety performance. Human Factors, 36(2), 224-257.

Paper examines work practices contributing to fatigue-induced performance decrements in
nuclear power plants. Examined amount of overtime worked by different types of personnel
(operations, technical and maintenance) and 12-hour shift schedule. Although there was a lot of
overtime for all three job categories, only overtime worked by operations personnel affected
plant safety performance. Conclusion drawn was operations overtime represents safety concern
in nuclear power plant industry, but more research necessary.

Extended work hours intensify errors during night shifts, particularly between 0300 and 0600
hours. Repetitive or vigilance tasks result in fatigue-induced performance after shorter periods (8
or fewer consecutive hours). Study of petroleum and chemical industries found adopting a 12-
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hour shift improved worker morale, which might offset negative effects of fatigue (Northrup,
Wilson and Rose, 1979).

Duchon, J.C., Keran, C.M. and Smith, T.J. (1994). Extended workdays in an underground
mine: a work performance analysis. Human Factors, 36(2), 258-268.

Shiftworkers in some sectors (chemical and oil refining given as examples) display decreased
performance, increased or more serious accidents, lower production, higher absenteeism, health
and family problems, etc., when they work nights and rotating shifts. Studied a new 12-hour
extended workday and compressed workweek schedule for underground miners. Conclusions
were workers overwhelmingly supported the 12-hour schedule and physiological measures did
not show indications of physical fatigue. One behavioral task (tapping) out of a battery of four
showed decrease in performance with 12-hour shift. Breaks should be customized for 12-hour
shifts since workers report fatigue during last few hours of extended work day. Decided to keep -
extended workday schedule in mining, but needs to be continually reevaluated.

Paley, M.J. and Tepas, D.I. (1994). Fatigue and the shiftworker: firefighters working on a
rotating shift schedule. Human Factors, 36(2), 269-284.

Fatigue, viewed as a simple variable positively correlated with time on task and produced by
physical activity, was the variable under study for firefighters. Regulations for hours of service
treat all hours of day as equal and interchangeable. Guidelines attempt to minimize accidents by
governing number of hours operators work and rest. - not an adequate safety control. This study
looks at time-of-day (shift) differences for sleep, sleepiness and mood (MAYBE TOO “SOFT”
DATA FOR APPLICATION). Results do not generalize beyond firefighters on a biweekly
rotation schedule where they rotated from night shift to afternoon/evening to day shift.. Found
fatigue is affected by time of day

Effects of shiftwork found to be poorer health, work stress, reduction in sleep length. Reduced-
sleep studies abound and report findings of problems like fatigue, sleepiness, irritability, inability
to concentrate and bad moods.

Mead, K.M. (1992). Railroad safety engineer work shift length and schedule variability:
Statement of Kenneth M. Mead, Director, Transportation Issues, Resources, Community,
and Economic Development Division, before the Subcommittee on Transportation and
Hazardous Materials, Committee on Energy and Commerce, House of Representatives.
GAO/T-RCEO-92-68.

Testimony on shift length and accidents for railroad engineers. Four railroads surveyed and
found that reducing maximum number of hours allowed per shift from 12 to 10 could have little
effect on accidents (4.5% of all human-factor-caused accidents occurred after 10 hours in an
engineer’s shift). Biggest problem found was start time variability, which would increase with a
decrease in hours of service to 10 - allowing more variability of time to start shift. Fatigue is a
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function more of start time variability than number of hours on duty. Most accidents occurred
during 0200-0600 time period and during the second through the sixth hour on duty.

Duchon, J.C. and Smith, T. (1993). Extended workdays in mining and other industries: A
review of the literature. U.S. Department of the Interior: Bureau of Mines Information
Circular: Washington, D.C.

Reviewed literature of field, laboratory and accident analysis studies. Table 1 is a nice summary
of results of long-work hours on different dependent variables studied for all types of studies.
Military study of sustained operations conclude that humans can work 15-36 hours continuously
with little or no sleep before performance manifests significant decrements. However, these are
short spurts - 2-5 days of activity. Laboratory studies have mixed results - the military sustained
operations’ results say a worker’s ability to cope with longer shifts and compressed workweek
(12 hour day) is good, while other say performance deteriorates across 9-12 hours. Field studies
depend on the industry, job, conditions, environment, the performance measure, as well as
management’s attitude. Therefore, results are also mixed. Accident and injury analyses are no
more clear. Workers like the compressed workweek since it gives them more days off.
However, in some industries, some studies found performance and/or safety decrements
associated with extended workdays.

Schroeder, D.J. and Goulden, D.R. (1983). A bibliography on shift work research: 1950-
1982 (FAA-AM-83-17). Washington, D.C.: Federal Aviation Administration, Office of
Aviation Medicine.

Excellent bibliography compiled of over 1300 documents published over a 30-year period.
Bibliography developed as part of a research task concerned with impact of shift work on
employee job satisfaction, productivity, perceived job difficulty, and subjective health. Excludes
references to assessment of circadian effects on physiological responses and performance. Good
source for references up through 1982.

Northrup, H.R., Wilson, J.T. and Rose, K.M. (1979). The twelve-hour shift in the
petroleum and chemical industries. Industrial and Labor Relations Review, 32(3), 312-326.

Based on survey of fifty plants using 12-hour shift in chemical and petroleum industries. Article
summarizes the three schedules prevalent: EOWEO (every other weekend off); three-on, three-
off rotating and four-on, four-off rotating schedule. See Figures 3, and 4, page 315 and Figure 5,
page 316, for details of three schedules.

EOWEO was most popular and means worker works 42-hour weeks on average and guaranteed
every other Friday, Saturday and Sunday off. No employee works more than 3 consecutive days
or nights and each has 3 consecutive days off (Fri, Sat and Sun) every two weeks, and also 4
weekdays off. In addition to benefits to workers due to regularity and frequency of weekends
free for leisure, management see it as minimizing time away from work (no more than 2 days
consecutive between Mon., and Fri.), hence increasing communication between workers.
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Second most popular was 3-on, 3-off schedule also averages 42 hrs/week. Twelve-week cycle
means worker has two 3-day weekends and two 2-day weekends every 12 weeks. Every 2-day
weekend is followed by 3-day weekend, which is then followed by 4 consecutive weekends
during which one or both days are worked.

4-on, 4-off has 16-week cycle and also averages 42 hrs/week Four 3-day weekends and two 2-
day weekends are offered. Other 10 weekends allow at least one day off.

Several wage and manning factors (such as overtime pay, holiday pay, Fair Labor Standards Act,
shift differentials, overtime manning, unscheduled overtime) are discussed and how the plants
dealt with each when changing from an 8-hour to 12-hour/day shift.

Non-wage factors are also discussed. Absenteeism and turnover are reduced and employee
satisfaction and morale increased and physical health did not get worse and some reported an
improvement. Fatigue and accident rate were closely monitored for the first trial periods. None
of the 50 locations surveyed reported increased accidents as result of new 12-hour schedule.
Because of fears management had over accidents due to fatigue, an increased emphasis was put
on precautionary measures during the new 12-hour schedule and also employees recognized they
might be more likely to make mistakes because of fatigue. Article could/would not speculate on
whether this heightened conscientiousness and good safety performance would continue.

Older workers had problems adjusting to new schedule. Industries requiring more fatiguing
physical labor may not do well with 12-hour shift. Petroleum and chemical industries were cited
as having rest periods available frequently. Therefore, although the job could be physically
challenging, rest breaks ameliorated the fatigue effects.

Eli Lilly introduced 12-hour shift in 1955 and Imperial Oil (Exxon controlled) used it in 1970.
Article predicted continued use in oil industry if cost was equivalent to 8-hour shift, safety
standards and support of employees maintained, no increase in accident frequency and no OSHA

violations.

Parkes, K.R. (1992). Mental health in the oil industry: a comparative study of onshore and
offshore employees. Psychological Medicine, 22, 997-1009.

Studies the mental health of North Sea offshore employees relative to onshore counterparts.
Used General Health Questionnaire scores to show anxiety was significantly higher among
offshore workers than onshore, but found no significant differences in somatic symptoms or
social dysfunction. Result was not affect by age, job level and neuroticism. The nature of
offshore environment, and factors which play a causal role in elevated anxiety among offshore

workers are discussed.

Sunde [reference is Sunde, A. (1983). Psychosocial aspects of offshore work. In Safety and
Health in the Oil and Gas Extractive Industries, pp. 176-187. Graham & Trotman, Ltd., for the
Commission of European Communities: London, England] lists adverse offshore work effects:
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confined living and working areas, procedural constraints, continuous emphasis on safety, nature
of work cycle and shift schedules, lack of privacy and proximity to work mates during off-duty
hours, adverse physical environment (noise and temperature) and risk of helicopter travel.
Positive factors are favorable pay rates and long periods of leave, careful monitoring of health,
restrictions on smoking and alcohol and availability of offshore health services and lower
retirement age.

This study examined 84 control-room personnel working on three oil platforms in UK sector of
North Sea and 88 onshore control-room operators at six terminals in Scotland and N. of England.
All were male. Findings are interpretations of tests administered to examine general health and

anxiety, somatic symptoms and social dysfunction. Results were onshore group reported
significantly lower symptom levels while offshore sample did not differ significantly from
published mean of General Health Questionnaire normative data. Results are interpreted that
offshore employees are to some extent self-selected. Psychological factors play a part in the
decision to seek offshore employment. Also offshore employees must pass a medical
examination to ensure their physical and mental well-being for the demands of the North Sea
environment, with medical checks regularly (based on age) for continued employment.

Offshore workers had higher anxiety levels than their onshore counterparts. This is explained by
the offshore environment playing a causal role. Nature of North Sea employment exposes
offshore personnel to variety of psychosocial and physical environment stressors which may be
causally linked to levels of anxiety and tension. The constraints of tightly enforced regulations
and procedures to ensure safety are present in the offshore environment due to factors of
isolation, limited space, exposure to elements, potential hazards and consequences of failures and
oversights with more serious consequences. There are constant reminders of hazards and need
for constant vigilance. Other factors could be shift schedules and work/leave patterns. The same
shift patterns of two-week offshore cycle with 7 night shifts followed immediately by 7 day
shifts (each 12-hours each) had to be used.

Another reference found was:

Cooper, C.L., and Sutherland, V.J. (1987). Job stress, mental health, and accidents among
offshore workers in the oil and gas extraction industries. Journal of Occupational Medicine, 29,

119-125.

Duchon, J.C. and Smith, T.J.(1993) Extended workdays and safety. International Journal
of Industrial Ergonomics, 11, 37-49.

This article by Duchon and Smith is somewhat a repeat of some of the same background and
research reported by this author in previous articles (see above). In review of the literature, they
state that some studies have shown that industrial groups like mining, chemical and oil refineries
have “displayed perturbed performance, increased or more serious accidents” among other
problems related to working nights and shift-work. They report there is very little objective



~ information on the nature and degree of safety and health risk associated with extended

workdays.

For 8-h shifts, they report the U.S. speed of rotation of shifts is usually slow (5-7 consecutive
nights followed by 5-7 consecutive days. Extended workdays usually require faster rotations of
2-4 consecutive days. The same Table 1 is presented as used in the Bureau of Mines Information
Circular reviewed above which summarized the laboratory, field and accident/injury analyses
and the results. Laboratory studies for the most part have either neutral or negative results of
extended workday on their dependent variable. Only four variables out of 35+ reviewed showed
any positive effect and they were for performance tasks, management report of performance,
ergometry and blood pressure.

Both surveys done in field studies had positive results. The studies looked at oil refinery and
chemical and petroleum industries.

Accident and injury analyses showed more accidents in the last 3-h of the shift, accident
frequency for ladder falls increased, overtime accidents increased as did musculoskeletal
disorders and backpain. Only one study (Lees and Laundry, 1989), showed a positive result
whereby accidents frequency and health complaints in extended workdays in manufacturing and
12-h shifts decreased.

In studies where accidents increased, they were attributed to working long hours and fatigue, as
well as increased risk due to exposure (you are at the plant longer and exposed to danger for
more hours).

Caution again is required when drawing conclusions and extrapolating results of research. The
authors looked at different dependent measures, do not control for type of work task performed,
workforce characteristics and management’s outlook. These authors are willing to say that
workers like the extended workdays because of the days off it gives them. Some studies for
some industries have shown performance/safety decrements with extended workdays. More
research is required, especially in industries where safety is of major importance.

Parkes, K.R. (1994). Sleep patterns, shiftwork, and individual differences: a comparison
of onshore and offshore control-room operators. Ergonomics, 37(5), 827-844.

An obvious offshoot of her research reported in Psychological Medicine above; Parkes reports on
sleep patterns of offshore and onshore workers. On the topic of shift-rotation in her review of the
literature, she says the most widely studied shift system associated with the 8-h shift involves
either weekly or every two weeks rotation from early to afternoon to night shift. Recently,
weekly rotation has given way to fast rotation where no more than 2-3 night shifts are worked
consecutively. In 12-h shifts, there is a greater subjective fatigue and performance decrements

than 8-h shifts.
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Because of the offshore environment, with living and sleeping accommodations limiting
personnel on board at any one time, a fast-rotation is not practical since expense to move people
to and from shore is prohibitive (helicopter rides, etc.). Normal offshore work period is 2 weeks.
Alekperov et al. (1988) compared 7-day work periods on oil rigs with 15-days and found, based
on physiological data, that the 7-day schedule was better. However, the 2-week duty cycle where
12-h work periods alternate with 12-h rest periods is the normal for offshore employees in North
Sea. Seven night shifts are followed by 7-day shifts, enabling worked to return to shore in the
“day” mode.

Past research shows individual differences in response to shiftwork, older workers have more
trouble adjusting, prolonged shiftwork may have harmful effects, workers experience anxiety,
sleep problems and other neuroticism.

Parkes study looked at control-room operators - with the same job at both offshore and onshore
facilities. The offshore personnel changed from night shift to day shift after 1 week of the 2-
week rotation (and then got 2-3 weeks of leave), while the onshore personnel worked fast-
rotating schedules with no more than 2-3 consecutive night shifts.

Results showed that offshore workers were significantly younger than onshore workers (40.9 vs.
44.6 years). Sleep duration for offshore workers was best during leave, and worst during day
shifts. The on-shore had more sleep during the day shifts than the night shifts, the opposite
finding for offshore workers. Sleep quality showed the same pattern for all groups, with the
onshore and offshore reporting opposite day versus night for worst sleep quality.

For the findings, the potential for impaired alertness is a problem and sleepiness during night
shiftwork may endanger lives and safety implications. Offshore personnel live and work in a 24-
h environment where meals and recreational activities provide a similar routine for both day and
night workers. So adaptation to night work is less difficult. There are no competing social and
family demands on the offshore workers. Offshore employees also have an environment with no
windows and therefore, no natural light to interrupt sleep. Some offshore workers experienced
difficulty in sleeping soundly at night because they were alerted by unusual changes in
background noise and vibration, perhaps signaling an emergency.

Includes extensive bibliography, many are foreign authors, but reported in journals that we could
get copies of, if needed. .

Krueger, G.P. (1989). Sustained work, fatigue, sleep loss and performance: a review of the
issues. Work and Stress, 3, 129-141.

Main focus is on military sustained operations and their findings. Issues under study in the
review are characteristics of job, work tasks, vigilance and attention, machine-paced vs. worker-
paced tasks, physical versus cognitive tasks, rhythmic variations in worker performance,
weariness, tiredness and fatigue and work/rest breaks.
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Previous studies (Alluisi and Morgan, 1982) of men working blast furnaces 12-h/day, 7
days/week for an 84-h workweek, had a decrease in accidents, absenteeism and increased
productivity when their workweek was shortened. But the effects of total work hours on
human performance and productivity interact with many factors and there is no single
work schedule that works best for all tasks and all industries.

Notation here follows the military work/rest schedule per 24-hour day. Shift rotation review
shows no difference in scheduled of 4-h on duty and 2-h off versus 6-h on and 2-h off. Subjects
preferred the 4-2 over the 6-2 and got more sleep. In 15 and 30-day studies of 4-2 and 4-4
schedules, those working 4-4 had a better level of performance maintained than the 4-2 group.
When people worked 12 hour days on a 4-4 schedule, they maintain higher levels of performance
than 16 -h days of 4-2 schedule. With highly motivated workers, performance over a period of
30 days on a 4-4 schedule is indistinguishable from those on a 8-h split-shift. Sixteen-h/day on a
4-2 schedule appears to be maximum hours per day a man should work for extended periods
(note - 4 hours on and 2 hours off on this recommended schedule!).

Many other factors are at play in analyzing and interpreting results: prior rest, physical fitness,
endurance, environmental conditions, time and day and task type. There are no easy answers!

Includes extensive reference section. Mainly sustained operations.

Night and Shiftwork (1993). Ergonomics, 36(1-3), 14-139. Edited Proceedings of the 10th
International Symposium on Night and Shiftwork, Shiftwork Committee of the
International Commission on Occupational Health, Sheffield, England.

Just obtained the table of contents from this reference. There are many articles under the heading
of Night and Shiftwork, a special issue. Some nay be of use, like “The design of shift systems,
by P. Knauth. Also “An experimental change of the speed of rotation of the morning and
evening shift.” by J.E.E. Ng-A-Tham and Hk. Thierry. There is a wide variability in the focus of
the articles in this issue.

Yoder, T.A., and Botzum, G.D. (1972). The long-day, short-week in shift work: A human
factors study. Eli Lilly and Company.

Reviews Eli Lilly’s experience with a long-day, short week concept in place since 1969. Their
schedule requires four crews with shift changes at 0600 and 1800 each day. The schedule
followed is a 4/4 and then a 3/3. Crews rotate from day to night shift on a quarterly basis. They
examined the sociological, psychological and physiological consequences of this compressed
work week compared to the traditional shift (8 hours worked). To no surprise, the night shift
workers got less sleep on their days off (compared to day workers). They also got more sleep on
their days on duty, as well as just prior to and just after the shift duty. Data was compared for the
4/4 versus 3/3 and no differences were found in the amount of sleep decrement accumulating in

the two shifts.
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Four workers were studied for physiological changes. Physical capacity increased over the first
three days and then declined on the fourth day to the level of day 1. The trend was opposite that
expected if long hours produced deterioration in physical capacity for work. The decrease on the
fourth day was postulated to be due to sleep loss and workers expending calories beyond one’s
physical capacity.

Thurston, S.C. (1981). The relationship between rotating shift work and accident rates in a
steel tubular products mill. Unpublished Masters Thesis, University of Cincinnati,
Cincinnati, OH.

Thesis dealt with examination of injuries to employees working a rotating shift. Shifts studies
were three, 8-h shifts (overlapping by one hour; starting at 0700, 1500 and 2300). In reviewing
the literature, the author points out the differences in conclusions drawn regarding many factors,
including accidents. Some studies have found an increase in accidents at night, while others do
not. Many studies found a higher severity rate for night shift. However, no conclusions can be
drawn definitively, since different shift systems and industries are studied.

Study involved looking at copies of injury reports and breaking them down by different

variables. No real surprises in the results. More injuries occurred to employees with 0-5 years of
experience, with younger workers (correlated with experience). Other findings not summarized
here, due to irrelevance to topic area. :

Research not really germane to this topic.

Tippin, M.(1992). An examination of the compressed work week in a continuous operation.
Unpublished Masters Thesis, Loyola University of Chicago, Chicago, IL.

Reviews reasons for and problems with shiftwork. Reports that C.F. Ehret noted that nuclear
accidents at Chernobyl, Three Mile Island, and chemical disaster at Bophal may have resulted in
human error during a night shift. Accidents at last two occurred on a night shift immediately
following a shift rotation, where workers were on their first day on the new shift.

Reports the 12-hour shift schedule (known as “Dupont” schedule) incorporates three shift
patterns, but with many variations possible. The first is the 3/3 or 3 days on/3 days off. Little in
the way of research literature is available on this pattern.

The second is the 3/2/2 pattern or the following over a 2-week cycle - 2 days on/2days off/2 days
on/3 days off/2 days on/2 days off. However, NOTE that this only accounts for 13 out of 14
days, so there is probably an error in the thesis text! I think it should be 3 days on/2 days off/2
days on/3 days off. Advantages are touted for business, but scheduling personal time for
employees is difficult.

Third is the 4/4, 12-hour shift. Compared to the traditional 6/2 schedule, where one works six 8-
hour shift, with two days off, the 4/4 is expected to have fewer “sick days” and greater harmony



among the work crews. Disadvantages to the 4/4 is fatigue, possible safety problerris and
communications declining with employees away from their job for 4 days.

This research used surveys completed by employees and supervisors to compare the 4/4 with the
6/2 schedule. The author expected to find less personal business days, lower absentee rate,
higher productivity and morale, better crew harmony and others.

Research is based on survey inventories which may be inappropriate for some of the hypotheses
under test. All the problems with questionnaires surface and may impact the results. Data is
rather “soft” with the exception of examination of personnel records on absenteeism and personal
business days - which do decrease on the 4/4 shift over the 6/2 shift.
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The RET can be used on a range of work roles. Where safety critical roles and tasks have
been identified, the RET can be used to assess the potential for human failure in such roles.

Definitions

The RET contains a number of terms which require definition. These definitions are as
follows:

Psychological factors:  associated with human mental processes, for example, perception,

memory, and attention.

Physiological factors:  associated with the (non mental) processes of the human body, for

example thermoregulation, and heart rate.
Physical factors:

associated with the human body or physical matter, for example
muscle build, and physical environment.

Role: the work role an individual performs, for example Chef, Technician,

Control Room Operator, Offshore Installation Manager. The role
includes all tasks the role holder performs. This is also the case

where a role involves multi-tasks, such as Operations and
Maintenance Technician.

Human Failure: all possible failures of the human mind and body. For example

mental’ error, disease, and muscle or skeletal (musculo-skeletal)
injury.
Safety Critical tasks:  tasks which if not performed successfully could result in serious

injury, fatality, loss of containment, or major damage to an
installation or the environment.

Uses of the RET

The RET has a number of uses. In particular, the RET:

¢ provides a consolidated, holistic a
many of the human factors which
human failure,

¢ provides information on the effects of the role a
individual's health and performance,

optimises a role and the working environment to align with human capabilities,

provides information for specifying competence assessment programmes,
assists in the identification of training needs,

assists in the setting of standards for measurin
and, assists in the investigation of incidents.

pproach to assessing human factors, and identifies
can impair performance and increase the potential for

nd the working environment on an

g and managing work performance,
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Human Factors Evaluation of the Work Role.
(Use of the Role Evaluation Tool).

Identification of Problem Areas - Human Factors
that could lead to Human Failure in the Work
Role.

(Output from the Role Evaluation Tool).

Investigation to determine the extent of the
problem. The type of investigation will depend on
. the problem area identified. Specialist advice

should be sought where the investigation is not
straightforward.
(Testing of individuals may be required).

Investigation to reduce or eliminate the problem.
The type of investigation will depend on the
problem area identified. Specialist advice should
be sought where the investigation is not
straightforward.

(Testing of individuals may be required to
demonstrate improvement).

HFJIPA\RETFINALUNTRO.D0C

Quantitative Human
Factors Analysis
(Output from Investigation
and Testing of
Individuals).
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requirements of the Role. These p
environment (culture and sub-cultu
result of the environment or as
Organisation which supports the Ro
have variable qualities.

Role Characteristics are defined as the properties of the Role as opposed to the

roperties can be as a result of the physical and personnel
re) in which the Role is performed, hazards that exist as a
a result of the tasks performed within the Role, the
le, and the fact that the role is performed by humans who

Al1

Define the physical environment in which the role will be performed in terms of

ambient temperature. What is the variation in this temperature. What are the
extremes in terms of maximum and minimum temperature?

A1.2

Define the physical environment in which the role will be performed in terms of
ambient radiative heat temperature. What is the variation in this temperature?

What are the extremes in terms of the maximum and minimum radiative heat
temperature?

A13

Define the physical environment in which t
vibration. What is the variation in this vibra
of the maximum and minimum vibration?

he role will be performed in terms of
tion? What are the extremes in terms

Define the physical environment in which the role will be performed in terms of
surrounding ambient pressure. What is the variation in this pressure over short

and long periods? What are the extremes in terms of the maximum and minimum
ambient pressure?

A15

Define the physical environment in which th

noise level (continuous and intermittent), i.e. undesired sound. What is the

variation is this noise level? What are the extremes in terms of the maximum and
minimum noise level? What are the noise sources?

e role will be performed in terms of

A1.6

Define the physical environment in which t
pollutants that might be present (
in air pollutants and their
atmosphere?

he role will be performed in terms of air
continuous or intermittent). What is the variation
maximum and minimum concentration in the

A17

Define the physical environment in which the role will be performed in terms of
relative humidity. What is the variation in relative humidity? What are the
extremes in terms of the maximum and minimum relative humidity? [s the relative
humidity controllable, and, if so, what factors determine the set level?
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A1.8

Define the physical environment in which the role is
movement (speed and rate of chan
maximum and minimum values?

to be performed in terms of air
ge in an enclosed environment). What are the

A1.9 (a)

Is the ambient lighting natural and/or artificia
does this vary throughout a 24 hour period
lighting level be varied manually?

I? What is the ambient lighting level,
according to a set pattern? Can the

A1.9 (b) | What is the main colour scheme of the environment?

A1.10 Will performing the role cause an adverse change to any of the above
environmental factors? If so, how and to what extent?

At1.11 Is the environment in which the role is performed stimulating or monotonous?

A1.12 Is the role performed under extreme changes in environmental conditions?

A1.13 Define the type and extent of distractions and interruptions that might be expected
from the environment.

A1.14 | Define the environment in terms of potential chemical hazards.

A1.15 Define the environment in terms of potential physical hazards.

A1.16 Define the environment in terms of potential biological hazards.

A1.17 What are the potential chemical hazards that are introduced as a result of
performing the role

A1.18 What are the potential physical hazards that are introduced as a result of
performing the role?

A1.19 What are the potential biological hazards that are introduced as a result of
performing the role?

A1.20

Define the workstatuon/snte in which the role is performed in terms dimensions and
layout? Who or what determined the dimensions and layout?

If the workstation/site is designed for human activity, is there a design standard?
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A1.20 Can the workstation/site be adjusted to suit different individuals of different

Contd. dimensions? '

A1.21 Where is the workstation/site‘ located, e.g. at height, over the side of the platform,
within a confined, enclosed or congested space?

A1.22 Are other activities outwith those associated with the role carried out at the same
workstation/site?

A1.23 What is the duty pattern associated with the role (i.e. what is the minimum,
average and maximum number of hours one person might be expected to be on
duty in a 24 hour period and how many days would such a duty extend)?

A1.24

Is the role performed by more than one person to give continuous attendance with
respect to time? If so, define the resultant shift schedule associated with the role?
The following terminology has been used in the questions given under A1.24:

shift the time of day on a given day that a role holder is
scheduled to be at the workstation/site,

off time hours not normally required to be at the workstation/site,

schedule

sequence of consecutive shifts and off time,

permanent hours schedule that does not require the role holder to work

more than one shift (the time of day worked is constant),

rotating hours schedule that requires the role holder to work more than

one shift (the time of day worked changes),

basic sequence minimum number of days of shift and off days until a

sequence begins to repeat.

What is the basic sequence of the shift schedule?
What is the normal total number of hours within each shift?

What is the maximum total number of hours within each shift?

What are the times of each shift in the shift schedule?
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A1.24 What is the normal number of consecutive shifts in a schedule?
Contd
What is the maximum number of consecutive shifts in a schedule?
What is the minimum, average and maximum total number of hours on shift in any
preceding week ?
Is the shift pattern irregular?
Is there a changeover within the shift schedule, e.g. days to nights or vice versa.
and how is it performed?
What are the shift handover times and duration, and how is this performed?
What is the maximum number of hours possible between consolidated sleep
What is the minimum number of hours consolidated sleep? What determines the
timing of such sleep?
What contingency exists to manage situations where there is no relief of a role
holder either at the end of a shift or at the end of a shift schedule.
A1.25 How many accommodation musters would be expected between the hours 0600
to 1800 hrs and 1800 to 0600 hrs during a production period on the platform?
A1.26 How many accommodation musters would be expected between the hours 0600
to 1800 hrs and 1800 to 0600 hrs during a high activity period on the platform
(such as an annual shutdown for maintenance)?
A1.27 Define the sleeping environment in terms of temperature, pressure, relative
humidity, noise level (continuous and intermittent), distractions, and air movement.
A1.28 Define how an individual is selected for the role in terms of personality attributes.
Is account taken of whether the individual who performs the role is to work in
isolation or as part of a team?
A1.29

How are the fitness requirements for the role determined?
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A1.29 What are the fitness requirements for the role, e. g. muscle build, hearing ability,
Cont. absence of colour blindness?

What screening exists to determine fitness to work (
Is the screening performed once as part of the recrui

whilst the role holder is in the position? Does such
alcohol abuse?

psychological and physical)?
tment process or periodically
screening test for drugs and

Is there control of common non prescribed and prescribed drugs?

How are transient ilinesses such as colds and influenza handled?

A1.30 When and what food (including caffeine and alcohol) is available to the role
holder?

A1.31 Is the age of the role holder taken into account with respect to psychological and
physical abilities?

A1.32 What is the minimum and maximum time any individual is éssigned to the role?

A1.33 What cover is available should the role holder not be available to perform the role
for a given time period?
How is a person to cover selected and trained?
What assessment and reassessment is made to ensure the cover is competent in
knowledge, skills, fitness etc.?

A1.34 Is account taken of the time of day a role holder will or could be required to
perform a particular task? '

A1.35 What system of recognition exists to reward good performance?

A1.36 What contingencies exist to assist a role holder who has domestic problems?

A1.37

Are an individual's language and communication skills ass

essed with respect to
the requirements to perform the role?
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A1.38 Does a sub culture exist associated with the-role? Are there any superstitions
associated with the role?

A1.39 Define the type and ‘extent of qistractions and interruptions, e.q. irrelevant speech,
ad hoc phone calls, visitors to platform, that might be expected within the role from
other people?

A1.40 Is the potential impairment from social psychological factors recognised and
addressed within the working environment? Such factors include isolation from
home and refatives; the relationships between the role holder and his or her peers;
supervisor and sub-ordinates; group membership; culture and society norms;
group norms of behaviour; group pressure and conformity; coercion; and
conditioning.

A1.41 How is the Company organised to support the role holder?

A1.42 Do external pressures (Company, supervisors, peer group) to meet deadlines and
perform exist?

A1.43 Does the role holder undergo annual appraisal and ranking against others?

A1.44 Where the role involves working as part of a team, what is the age and experience

‘ of other persons in the team?

A1.45 What are the irritants associated with the role, e.g. excessive quantities of
irrelevant paper, electronic messaging, travel delays, excessive standards and
procedures, equipment failure, repetitive false alarms and incorrect data, lack of
private space?
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The role requirements are defined as the requirements to perform the role.
B1.1 What is the role title?
B1.2 What is required from the role according to the job description?
B1.3 What is required from the role according to those who perform the role?
B1.4 What is the total number of tasks within the role according to those who perform
the role? Provide a one line description for each task.
Will any of the tasks result in conflicting responsibilities?
B1.5 Which of the tasks are perceived to be stimulating by the individual who performs
the role? .
B1.6 Which of the tasks are perceived as monotonous by the individual who performs
the role?
B1.7 Identify each task which has been termed a safety critical task (from task analysis
if applicable).
B1.8 Under what circumstances are the safety critical tasks performed, i.e. normal
conditions, abnormal conditions or emergency conditions?
B1.9 Which of the safety critical tasks can be planned, and which will be unplanned?
B1.10 What factors decide the timing to perform a safety critical task and the task
deadlines?
B1.11 Are the safety critical tasks supervised and to what degree?
B1.12 What are the requirements for situational awareness (risk perception) for each of
the safety critical tasks performed within the role?
B1.13 Do any of the safety critical tasks within a role necessitate command or
supervision of others?
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B1.14 What is the maximum duration of the safety critical tasks within the role?

Do any of the safety critical tasks require periods of vigilance?

B1.15 Do any of the safety critical tasks allow an individual to

take rest breaks during
their execution? How long are the rest breaks and of what

do they consist?

B1.16 Do any of the safety critical tasks require a toolbox talk?

B1.17 What safety critical tasks require the completion of documentation prior to their
commencement (e.g. Permit to Work)?

B1.18 Does the role require knowledge of terminology, slang, etc.?

B1.19 Does the role require fluency in the working language in order to command
persons in an emergency situation?

B1.20

Taking each safety critical task in turn, what information is required and what is
(@)&(b) available to perform the tasks within the role?

B1.20 (c) | How is this information presented to the individual
telephone or radio), audibly via an alarm s
monitor or status lights, written etc.?

, €.g. verbally (directly or via
ystem, visually via gauges, computer

B1.20 (d) | Are gauges etc. selected for ease of readability by those who will be using them?

B1.20 (e) | Are any of the controls unusual in terms of operation?

B1.20 (f) | Is any of the information colour coded? If so, what do the colours (e.g. yellow
(amber), red, green, blue, white, other) represent?

B1.20 (g) | Is all information presented visually within the individual's field of vision from the

normal work position?

B1.20 (h) | What is the quality of the information, is it reliable? Do any of the information

sources have error which has to be corrected by the individual?
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B1.20 (i) | Is all necessary information readily accessible?

B1.20 () | Is there any information which is inferred from available information?

B1.20 (k) | What controls the timing of when information is presented? Is this information
then available continuously or only for a short period of time?

B1.21 What is the maximum amount of information an individual would be expected to
process at any one time: under normal situations?: abnormal situations?; and
emergency situations?

B1.22 Does the role involve periods of underload which can be broken by the sudden
requirement to respond to a high workload?

B1.23 (a) | What safety critical tasks require use of mentally held knowledge and/or a skill or
number of skills and to what extent? How is such knowledge and/or these skills
acquired, e.g. acquired elsewhere, acquired ‘on the job’ or by specific training with
an assessment process to determine whether the skill(s) have been acquired and
maintained?

B1.23 (b) | Is information obtained from the investigation of incidents used in a training
programme as part of knowledge and skill acquisition?

B1.23 '(c) Where skills are tested and assessed, how is the test and assessment determined
to be a valid predictor of performance in the ‘on the job™?

B1.23 (d) | Where skills are assessed, how are the assessors selected and assessed?

B1.23 (e) | Is the knowledge acquired during training tested in practical applications?

B1.23 (f) | Is there any monitoring of performance ‘on the job' after training?

B1.24 Are individuals trained in diagnostic, problem solving ‘and decision making skills
which will help them to cope with unfamiliar situations?

B1.25

Are infrequently used but important knowled

ge and skills given frequent refresher
training?
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B1.26 Do any of the safety critical tasks involve the
manipulation of information or for information to be he
the individual's memory between receipt and usage?

interpretation and mental
Id for any length of time in

B1.27 Does the role require periods of passive monitoring and/or observation in isolation
which are greater than half an hour?

B1.28 Do the safety critical tasks require sustained

attention (concentration) for long
periods of time (greater than one hour)?

B1.29 For all safety critical tasks, to what extent

is information transmitted verbally
between individuals (including during a handov

er of information)?

B1.30 Are there clear procedures for the handov
between different shifts and/or individuals
operations and maintenance?

er of information and responsibility
with different responsibilities, e.g.

B1.31 For each safety critical task, what procedures and checklists exist to perform each

of the tasks in the role? Who wrote these documents and how is it ensured that

users understand the text? Where misunderstanding or ambiguity is identified,
how is this corrected?

B1.32 Is the range of applicabilit

y of the procedures and checklists documented and
identified to the users?

B1.33 Are the conditions under which the procedures must be used clear and
unambiguous to the users? How are such tested?

B1.34 Is there a simple and unambiguous indexing method for users to choose the
required procedures in all foreseen situations? How is such tested?

B1.35 Has the use of the provided procedures Been tested ‘on the job'?

B1.36 Is there a system for revising procedures in the light of experience?

B1.37 Can emergency procedures be implemented whether or not the user knows what
S is wrong, i.e. are they symptom based rather than event based?
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B1.38 What problems solving might the individual

be required to perform in the execution
of each of the safety critical tasks?

B1.39 What decision making might the individual b

e required to perform in the execution
of each of the safety critical tasks?

B1.40 What is the minimum time for making a decision within the safety critical tasks?
How accurate do such decisions need to be?

B1.41 Do the safety critical tasks require decisions to be made alone or part of a team?

B1.42 In teams, is the allocation of responsibility and authority clear, complete, non
overlapping, known to and accepted by all individuals including the role holder(s)?

B1.43 Are any changes in these responsibilities during a non routine event or emergency
clear and practised?

B1.44 Does the role include repetitive safet

y critical tasks? If so, what is the work and its

frequency, e.g. number of times per 12 hours, number of days per week, etc.?

B1.45 Do any of the tasks required to be performed under the role necessitate physical
(manual) work? What is the extent and nature of it this work?

B1.46 (a) | For any manual work that is performed:

What type of work is involved, i.e. static or d

ynamic physical effort, and over what
time period (endurance)?

Is any of the movement repetitive, e.

g. number of times per day, number of days
per week?

What is the duration of any applied physical effort?
Does any movement involve excessive joint angles?

Does the movement require ra

pid bursts of activity or activity at a steady rate over
a longer period of time?
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B1.46 (a)

Are people assigned to the task(s) based on some measurement of physical
Contd.

capability? How is the measurement determined to be a valid measurement of an
individual's capability?

B1.46 (b) | For manual handling (lifting) tasks in particular:

What is the frequency of the lifting task(s)?

What is the distance over which the load is carried?

What is the time for which the load is supported by an individual?
What is the weight of the ‘load?

Is the lifting operation performed by one individual?

What is the height at the start of the lift?

What is the height at the end of the lift?

Is any training performed on how to lift? What does th
what lifting technique is taught?

e training consist of and
Is the workspace to perform the lift restricted (restricting posture)?

Does the load have handles and, if so, where are they located?

What is the size and shape of the object to be lifted?

Under what conditions is the manual handling performed, e.g. transport up and

down stairs, on floors which might be slippery, exposed locations where gusting
winds might be experienced?

B1.47 What tools are available to perform the tasks within the role (including handheld

tools, computers, cranes etc.)?

Are any of the tools used similar but not identical

in operation, e.g. computer
consoles, control panels?
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Do any of the tools generate vibration of the user’ fimbs etc.?

Are the tools periodically checked and maintained?

What training is given in the use of the tools?

Are any of the tools unusual in terms of operation or usage, e.g. handles turn
clockwise for OFF and decrease or turn anti- clockwise for ON or increase?

B1.48

Do any of the tasks require the use of personal protective equipment? What
personal protective equipment is required?  Can this equipment restrict
movement, field of vision or the individual's heat maintenance?

B1.49

What support organisation is required to perform the tasks within the role?
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The human characteristics are defined as the properties of the human being as opposed to
his or her requirements to perform the role. The characteristics are as g result of the
psychological, physiological and physical properties of human beings.

The following gives an outline of why a particular (role characteristic) factor is important to

consider. However it is important that the actual effect a factor, or combination of factors, has

is determined at the workplace as well as in isolation under controlled conditio
the people who perform the role as certain factors

gender variations and to interact with other factors.

ns and using
have been shown to have task, age and

A2.1 Define the physical environment in which the role will be performed in terms of

ambient temperature. What is the variation in this temperature. What are the
extremes in terms of maximum and minimum temperature.

For a given situation, an individual's response to heat will be dependent upon
ambient conditions of temperature, humidity, air velocity and radiation; the amount
and type of clothing being worn (including PPE), the nature of the task; the
severity of the work rate and its duration; and the physiological and physical
characteristics and fitness of the individual. An individual will gain or loss heat as a

result of his or her metabolism and physical work, and the convection, radiation
and conduction of heat with the environment.

In the consideration of ambient temperature, humidity and wind speed, it is

important to consider not only the normal value but also to consider the possible
extremes to which an individual might be subjected.

People can physiologically survive a wide ran

ge of environmental temperatures
providing that they have the correct

protective clothing and equipment; however it
is when an individual's core (deep) temperature varies that human failure can

result. An individual (by sweating when hot, adding or removing clothing, shielding
or moving away from a radiant heat source etc.) behaves to maintain a core
temperature of approximately 37°C. An increase in core temperature of 3 - 4°C
can lead to a deterioration in mental and physical performance, confusion,
unconsciousness, coma and possible death. A decrease in core temperature can
lead to impaired judgement (36°C), personality change (withdrawal), confusion,
stumbling and falling (34°C) and unconsciousness (31°C). In most circumstances
an individual will be aware that he or she is hot or cold and their behaviour will be
to limit the effect, however where this is not possible, human failure can result. An
extreme example of this is divers who require to breathe cold gas. The cold gas
decreases core temperature but skin temperature remains normal and the diver is
unaware of the core temperature decrease. The environmental temperature can

also have indirect effects such as dehydration (which can result from an increase
or decrease in temperature) which can also impair performance.

In terms of mental, intellectual and manu
deterioration in such as a function of a
possible because of the number of assoc

al performance, the determination of the
mbient temperature alone is not always
iated factors as highlighted above.
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A2.1

However research indicates that, as a general rule for elevated temperatures, a
Contd.

deterioration in mental and intellectual performance is observed when the ambient
temperature exceeds 25°C where the individual is unacclimatised to heat and 30
to 35°C where the individual is acclimatised to the heat. Other research has
indicated that both ambient temperature and time of exposuy
performance (including vigilance) with high
impairment than increasing exposure time at a given lower temperature. Research

that measures core temperature suggests that it is the change in the individual's
core temperature which is associated with the impairment in vigilance.

re can affect mental
temperature causing greater

The effects of low temperature on mental and intellectual performance are less
well researched and such research has not been able to provide a general rule for
minimum temperatures below which impairment in performance results. Research
that has been carried out, however, suggests ambient conditions which cause a
lowering of the skin temperature below the normal value of 34°C impairs mental
dexterity and fine motor control and that low temperature causes distraction rather
than a direct effect on the nervous system. Whilst other research suggests that it
is not just an issue of distraction but also of the level of arousal. At very low
temperatures, the level of arousal is high which impairs performance.

In terms of manual performance, research indicates that there is a general
increase in performance up to an ambient temperature of 32°C. Performance
drops as this temperature increases beyond 32°C up to 38°C (the maximum
temperature studied). This research was performed on acclimatised individuals
and so may not be representative for non acclimatised persons.

Where there is concern that ambient conditions could impair mental, intellectual
and/or manual performance, an assessment at the worksite should be made using
actual core temperature measurement and performance measurement, or
available heat stress or comfort indexes. The measurements should be made by a
qualified professional (e.g. ergonomist, occupational hygienist)

The following is a summarised general guideline for thermal comfort conditions:
ambient temperature (as measured by a dry bulb thermometer) should be in the
range 19.4 - 22.8°C for sedentary work; 15.6 - 20°C for light manual work and
12.8 - 15°C for heavy manual work; relative humidity should be in the range 50 -
60% RH; radiant temperature (as measured by a black globe thermometer) should

be in the range 16.7 - 20°C for light manual work with an optimum air movement
of 0.15m/s (less than 0.10 m/s is perceived as ‘airless")

The American Conference of Governmental Industrial Hygienists (1978) has more
detailed limit values for industrial application, based on an index known Wet Bulb
Globe Temperature Index. The limit values are based on the assumption that
almost all acclimatised and fully clothed workers with an appropriate fluid and salt

intake should be able to work under the limit values without their core
temperatures rising above 38°C.
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A2.1
Contd.

Further reading: Smith, A.P., and Jones, D.M., (1992) Handbook of Human

Performance, Vol. 1 The Physical Environment, pp. 79-130,
London, Academic Press Ltd., for details of current research
on human performance in hot and cold environments.

BS 7179 (1990) Ergonomics of design and use of visual
display terminals (VDTs) in offices, Part 8, Code of practice
for the design of VDT work environments.

Tests: Psychological, Physiological, Physical.

A2.2

Define the physical environment in which the role will be performed in terms of

ambient radiative heat temperature. What is the variation in this temperature.

What are the extremes in terms of the maximum and minimum radiative heat
temperature,

See A1.1.

2

A23

Define the physical environment in which the role will be performed in terms of

vibration. What is the variation in this vibration. What are the extremes in terms
of the maximum and minimum vibration.

The effect of vibration on mental and physical performance is little understood,
particularly the cumulative effect of vibration with other stressors (e.g. noise).
There is, however, reasonable evidence to suggest that working in vibrating
environments for any length of time affects both visual and manual control
performance and hence affects the potential for human failure. Working in

vibrating environments can also cause physical discomfort and interfere with
verbal communication.

The actual psychological, physiological and physical effects of vibration on the
human body depend on the acceleration, frequency, amplitude, exposure time
and whether the vibration is continuous or intermittent with rest breaks. The
direction of the vibrating forces applied to the body determines the actual sensory
and psycho-physiological reactions to the motion. An assessment should be made
at the worksite to determine the effects of vibration on performance where such

exists.

Further reading: Smith, A.P., and Jones, D.M., (1992) Handbook of Human
Performance, Vol. 1 The Physical Environment, pp. 55-78,
London, Academic Press Ltd., for details of current research
on human performance and vibration.

Tests:

Psychological, Physiological, Physical.
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A2.4 Define the physical environment in which the role will be performed in terms of

surrounding ambient pressure. What is the variation in this pressure over short

and long periods. What are the extremes in terms of the maximum and minimum
ambient pressure.

Mental and physical performance at low ambient pressure
impaired although there is some evidenc
acclimatise to the reduced pressure.

(e.g. high altitude), is
e to suggest that individuals can

Humans are not, however, able to acclim

atise to high pressure. Exposure to very
high pressure environments, such as tho

se experienced by divers can give rise to
impairment in mental performance and physiological and physical problems such

as the following: tremor at 15 atm; muscle spasms, dizziness, epigastric
discomfort, nausea and stomach cramps at 20 atm; and EEG changes and sleep
disturbances at 30 atm. The onset of such is hastened by fast compression and

delayed by slow compression. At 40 atm, hallucinations can occur. All can affect
performance.

The effect of pressure changes which involy

e the individual moving from a 'high' to

a 'lower’ pressure environment on the potential for human failure are generally
associated with divers and the release of tissue and blood gases in solution. Such
is well covered elsewhere, however working in an environment of slightly elevated
pressure, e.g. pressurised modules, and movement to a lower pressure
environment can cause discomfort and pain as gases expand in the gut. The

discomfort and pain can cause distraction and hence affect performance on a
task.

Further reading: Smith, A.P., and Jones, D.M., (1992) Handbook of Human

Performance, Vol. 1 The Physical Environment, pp. 177-209,
London, Academic Press Ltd., for details of current research
on human performance in hyperbaric environments.

Tests: Psychological, physiological, physical.

A2.5 Define the physical environment in which the role will be performed in terms of
| noise level (continuous and intermittent), i.e. undesired sound. What is the

variation is this noise level. What are the extremes in terms of the maximum and
minimum noise level. What are the noise sources.

Noise is generally thought of as an unwanted sound.
differentially sensitive to different pitches in the range 20 Hz
approximately” 19 years of age onwards there is a loss of

The human ear is
to 20000 Hz. From
sensitivity to the top

range resulting in an audible pitch range of approximately 20 to 15000 Hz.
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A2.5 The physical effects of noise can be as fol
Contd. short exposure to a very loud noise; per

exposure to a very loud noise or short exposure to an extremely loud noise;
exposure to broadband industrial noise (i.e. a number of frequencies), causes a
loss of sensitivity in the range 4000 - 5000 Hz.

lows: temporary deafness, caused by
manent deafness, caused by lengthy

The effects of noise on performance can include
instructions and audible alarms,
indicated, a measured deterioratio
conditions.

an inability to perceive verbal
loss of concentration and, as research has

n in performance in certain tasks under certain

Noise bursts have also been shown to impair performance in certain tasks where
such noise bursts occur over a short period of time,

There have been a number of field studies in real life environments in support of
the research findings which were observed in controlied environments. One such
field study found that noise level in a factory was related to accident frequency
(but not to the severity of the accident). Another such study observed that not
only were accidents more frequent in an environment where there was noise, but
also that young, less experienced workers were more likely to have accidents.
The suggestion being that noise affects high mental workload which is a
characteristic of the young inexperienced workers.

The conclusions from the above research and other work in this area are that
noise can impair performance, but the precise effect is complex and depends on
the nature of the noise, the characteristics of individuals exposed to the noise, and

the task(s) being performed; and that investigation is required for each particular
set of circumstances.

Research has also indicated that noise can interact with other factors such as
nightwork and heat. This suggests that where noise exists in an environment it is

important to study its effect, not just in isolation, but in the presence of the other
human factors.

Further reading: Smith, AP., and Jones, D.M., (1992) Handbook of Human
Performance, Vol. 1 The Physical Environment, pp. 1-28,
London, Academic Press Ltd., for details of current research
on human performance and noise (including irrelevant
speech).

Tests:

Psychological, physiological.
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A2.6 Define the physical environment in which the role will be performed in terms of air

pollutants that might be present (continuous or intermittent). What is the variation

in air pollutants and their maximum and minimum  concentration in the
atmosphere.

The main research on the effect of air
associated with the effects of carbon
particulates and ozone.

pollution on human performance to date is
monoxide, oxides of sulphur and nitrogen,

In general, an excess of any pollutant is generally considered to be detrimental to
health and affect performance.

Further reading: Smith, A.P., and Jones, D.M., (1992) Handbook of Human

Performance, Vol. 1 The Physical Environment, pp. 131-138,
London, Academic Press Ltd., for details of current research
on human performance and air pollution.

A27 Define the physical environment in which the role will be performed in terms of

relative humidity. What is the variation in relative humidity. What are the

extremes in terms of the maximum and minimum relative humidity. Is the relative
humidity controllable, and, if so, what factors determine the set level.

See A1.1.

A2.8 Define the physical environment in which the rol
movement (speed and rate of chan
maximum and minimum values,

e is to be performed in terms of air
ge in an enclosed environment). What are the

See A1.1.

A2.9 Is the ambient lighting natural and/or artificial.
does this vary throughout a 24 hour period ac
lighting level be varied manually.

What is the ambient lighting level,
cording to a set pattern. Can the

The extent to which lighting affects human
visual demands of the task and the environ
Insufficient lighting can im
Too much lighting (greater

performance will depend upon the
ment in which the task is performed.
pair performance, cause discomfort and drowsiness.

than 1000 lux) can also impair performance and cause
discomfort due to excessive reflections, glare, shadows etc. Lighting can also

cause human failure where it is too low for individuals to detect hazards in the
environment which otherwise could have been avoided.

HFJIP'RETFINAL'A2.D0C Page 6 of 23
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A2.9 An illumination range of 500 - 700 lux
Contd. office purposes. The British Standard B
use of visual display terminals (
design of VDT work environmen
light for visual display termin

is recognised as appropriate for general
S 7179 (1990) Ergonomics of design and
VDTSs) in offices, Part 8, Code of practice for the
ts provides guidance on the quality and quantity of

al work and states that the general level of
illuminance should be in the range 300 to 500 lux as measured horizontally at the

work surface height. Research has indicated, however, that in environments
where there exists a mixture of VDU work and other activities, such as in control
rooms, individuals prefer illuminances of 250 - 300 lux.

ISO8995 and BS8206 gives further recommendations for lighting levels under
different applications.

An artificial lighting system which is not
individual may contribute to the monoton
affect performance (see A2.11). One whi
cause discomfort to certain individuals.

perceived to vary in intensity by an
y of an environment and hence may
ch cannot be controlled manually may

Further reading: BS 7179 (1990) Ergonomics of design and use of visual
' display terminals (VDTs) in offices, Part 6, Code of practice
for the design of VDT work environments.
Pheasant, S., (1991) Ergonomics, Work and Health, London,
Taylor and Francis.
Tests: Psychological.
A2.10 Wil performing the role cause an adverse change to any of the above

environmental factors. If S0, how and to what extent.

It is important to consider whether performing the tasks within a role will cause an
adverse change in any of the above environmentat conditions, and to what extent.
Where the individual is also required to work under such conditions then these

transient conditions also need to be considered in terms of their possible effect on
human performance.

Tests: Psychological, physiological, physical,

A2.11 Is the environment in which the role js performed stimulating or monotonous.

A monotonous environment where there is ve
activity and/or dull lighting can impair human
an environment can become bored and

particularly if the individual is sudden
incident, Temperature, aroma and
monotony of an environment.

ry little movement and change, little
performance as an individual in such
inactive. Human failure can result
ly required to respond to a rapidly escalating

noise are also factors which affect the

HFJIP\RETFINAL A2.D0C Page 7 of 23
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A2.11 There will be individual variations in what

people perceive as monotonous and it is
Contd. important that the perception of the role h

older(s) is established.

The monotony of an environment can co
factors such as lack of sleep,
drowsiness.

mpound the negative effects of other
and time of day on human performance and induce

It is therefore important that then environme

role holder(s) (but at the same time not so stimulating that it is distractive). Where

this is not possible, then the individual(s) should be able to take breaks from the
environment or periodically perform work which is stimulating.

nt is as stimulating as possible to the

Tests: Psychological.

A2.12 Is the role performed under extreme changes in environmental conditions.

The effect of extreme changes in environmental
performance should be considered.
necessitates individuals to move re
needs to be investigated to determin
potential for human failure.

conditions on human
For example the effect where a role
peatedly from high and low temperatures
e its effect on human performance and the

A2.13 .| Define the type and extent of distractions a

nd interruptions that might be expected
from the physical environment.

Distractions and interruptions from the physical environment will affect
performance by distracting attention and breaking concentration. The full extent of
distractions and interruptions (e.g. those that arise from the weather, noise,
alarms, smells) should be addressed and minimised where possible.

A2.14 Define the environment in terms of potential chemical hazards.

The potential chemical hazards to human beings are from gases, vapours,
aerosols, liquids and solids (dusts and powders). Where such exist or are emitted
into the atmosphere, there is the potential for human failure as a result of disease
and damage to: the brain (organic solvents, alcohol, heavy metals), the lungs
(sensitizers, mineral dusts, fumes and gases), the skin (drying agents, irritants,

carcinogens), the nose (sensitizers, carcinogens) and the liver, kidneys and
bladder (absorbed chemicals).

Further reading: ‘Control of Substances Hazardous to Health (COSHH) and

Control of Carcinogenic Substances Regulations.

HFEJIP\RETFINAL\A2.D0C Page 8 of 23
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A2.14 American Conference of Governmental Industrial Hygienists

Contd. (ACGIH) (US).
Tests: Psychological, physiological, physical.

A2.15 Define the environment in terms of potential physical hazards.
The potential physical hazards to human beings are from heat, cold, noise,
vibration, ionising and non ionising radiation, external forces and loads. Where
such exist, there is the potential for human failure as a result of disease and
damage to: the musculo-skeletal system (from external forces and loads), skin
(UV and IR light, ionising radiation), nose and lungs (ionising radiation), eye
(radiant heat and light) and ears (noise).
Other potential physical hazards include objects which can be impacted with,
stairs, oil and grease present on floors etc, which can constitute a tripping or
slipping hazard, temporary placement of cables and objects in access routes etc,
machinery and equipment which is unshielded, working at height or falling
overboard,
Tests: Psychological, physiological, physical.

A2.16 Define the environment in terms of potential biological hazards.

The potential biological hazards to human beings are from infectious agents, and
allergenic particles such as pollen.

Further reading: Control of Substances Hazardous to Health (COSHH)

Regulations.

Tests: Psychological, physiological, physical.

A2.17 What are the potential chemical hazards

that are introduced as a result of
performing the role,

Chemical hazards can be introduced as a result of performing the role. The effect
of hazards that are introduced as a result of carrying out tasks within the role
should also be considered and their potential impact on the human assessed.

Further reading: Control of Substances Hazardous to Health (COSHH)

Regulations.

Tests: Psychological, physiological, physical.
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A2.18

-| performing the role,

What are the potential physical hazards that are introduced as a result of

Physical hazards can be introduced as a result of performing the role. The effect
of hazards that are introduced as a result of carrying out tasks within the role
should also be considered and their potential impact on the human assessed.

Tests: - ’ Psychological, physiological, physical.

A2.19

What are the potential biological hazards that are introduced as a result of
performing the role.

Biological hazards can be introduced as a result of performing the role. The effect
of hazards that are introduced as a result of carrying out tasks within the role
should also be considered and their potential impact on the human assessed.

Further reading: Control of Substances Hazardous to Health (COSHH)

Regulations.

Tests: Psychological, physiclogical, physical.

A2.20

Define the workstation/site in which the role is performed in terms dimensions and
layout. Who or what determined the dimensions and fayout.

If the workstation/site is designed for human activity, is there a designvstandard.

Can the workstation/site be adjusted to suit different individuals of different
dimensions.

Consideration should be given to how the workstation/site was designed and
whether it was based on an assessment of the tasks which were to be performed
at the site and how the role holder will require to move and operate equipment and
have access to equipment etc. A workstation/site which is not compatible with
human interaction can provide the potential for human failure.

Due to the variability in human dimensions, height, reach etc,, it is important that
work surfaces, seating, etc. is adjustable to suit individual requirements. Where
furniture height is not adjustable, it is important to establish whether the installed
height was based on anthropometric data (i.e. the physical measurement off
human dimensions and movement) for a given population and whether the
dimensions are suitable for the population of people who will be using the facilities.
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A2.20 Where facilities are fixed and are inappropriate for the dimensions of the users,
Contd. apart from discomfort which can aff

ect concentration, the potential for human

failure in terms of injury such as back injury and repetitive strain injury (upper limb

disorder) will exist.

It is important to consider all tasks th

at might be performed at the workstations
(intended and actual) when considerin

g the design and layout of any facilities.

Further reading: British Standards Institute, BS7179 (1990), Ergonomics of
design and use of visual display terminals (VDTs) in the
offices, Part 5, Specification for VDT workstations.

The Health and Safety Executive (1992), Display screen
equipment work, Guidance on Regulations.

Tests: Physical.

A2.21 Where is the workstation/site located, e.g. at height, over the side of the platform,
within a confined, enclosed or congested space.

See A2.20.

Work at such locations should also take into account possible phobias that the
role holder(s) might have with respect to height, enclosed spaces etc. and the
effect this might have on concentration and the potential for human failure.

Tests: Psychological, physical.

A2.22 Are other activities outwith those associat

ed with the role carried out at the same
workstation/site.

The workstation/site should be suitable

for all intended tasks that are performed
there,

A2.23 What is the duty pattern associated with the role (i.e. what is the minimum,

average and maximum number of hours one person might be expected to be on
duty in a 24 hour period and how many days would such a duty extend).

The potential effect of an individual w

recognised working hours should be a
are disturbed.

hose duties include call out outwith
ssessed, particularly where sleeping hours

A2.24 Is the role performed by more than one person to give continuous attendance with
respect to time. If so, (define the resultant shift schedule associated with the role.
The following terminology has been used in the questions given under A2.24:

HFEJIP\RETFINAL' A2.00C Page 11 0f 23
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A2.24 shift the time of day on a given day that a role holder is scheduled
Contd. to be at the workstation/site,
off time hours not normally required to be at the workstation/site,
schedule sequence of consecutive shifts and off time,
permanent hours

schedule that does not require the role holder to work more
than one shift (the time of day worked is constant),

rotating hours schedule that requires the role holder to work more than

one shift (the time of day worked changes),

basic sequence minimum number of days of shift and off days until a

sequence begins to repeat.
What is the basic sequence of the shift schedule.
What is the normal total number of hours within each shift.
What is the maximum total number of hours within each shitt.
What are the times of each shift in the shift schedule.
What is the normal number of consecutive shifts in a schedule.

What is the maximum number of consecutive shifts in a schedule.

What is the minimum, average and maximum total

number of hours on shift in any
preceding week.

Is the shift pattern irregular.

Is there a changeover within the shift schedu

le, e.g. days to nights or vice versa.
and how is it performed.

What are the shift handover times and duration, and how is this performed.

What is the maximum number of hours possible between consolidated sleep.

What is the minimum number of hours co

nsolidated sleep. What determines the
timing of such sleep.

What contingency exists to manage situations where there is no relief of a role
holder either at the end of a shift or at the end of a shift schedule.

HFJIP\RETFINAL'A2.00C - Page 12 of 23
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A2.24

Shift work can affect human performance an
Contd.

work on human performance is closel
rhythms of the human body (
cycle), particularly body tempe
troughs affect performance.
troughs of shift workers ca
maintain the abnormal hou

d cause fatigue. The effect of shift
y tied in with research into the circadian
i.e. biological rhythms which have a 24-28 hours
rature, and how these rhythms and their peaks and
There is evidence to suggest that the peaks and
n shift with respect to time whilst these workers

rs of work and sleep. This and other research
associated with the type of tasks performed on shift, has led to the claim that, in

terms of optimum human performance, mental tasks require a different shift

pattern than manual tasks. A shift pattern inconsistent with the type of work
performed can therefore increase the potential for human failure.

Shift work can also affect the health of individuals. It would appear that there is a
higher rate of cardiovascular disease and gastrointestinal disorders amongst shift
workers than people who work the traditional 'office’ hours. There are some
people who are unable to adapt to shift work altogether and develop what is
known as ‘shift maladaption syndrome' characterised by two or more medical

conditions from a list which includes chronic sleep disorder, gastrointestinal
disorder, cardiovascular disorder and mocod disorder.,

The questions above exist to determine the ext
required to adjust to an ‘abnormal'
which sleep is interfered with. Thes
human failure and need to be investi

ent to which an individual is
pattern of work and sleep and the extent to
e factors can both increase the potential for
gated and minimised where shift work exists.

Further reading: Moore-Ede, M.C. and Richardson, G.S.

Maladaption Syndrome, Annual Review of Med
607-617.

(1985) Shift
icine, 36, pp.

Tests: Psychological, physiological, physical.

A2.25 How many accommodation musters would be expected between the hours 0600

to 1800 hrs and 1800 to 0600 hrs during a production period on the platform.

The potential effect of an accommodation muster is the disturbance of an
individual's sleep period and his or her return to sleep. Although individual
variations are likely, it is important to investigate the effect this might have on
performance, particularly where the number is excessive, Since there will be

people sleeping through daylight hours as well as night time, it is important to
study both time periods. '

Sleep deprivation will make people tired and irritable
circadian rhythms, and increase the potential for h
indicates that sleep deprivation can become a sig

, disrupt the individual's
uman failure. Research

nificant factor in human
performance, at least for daytime work, when an individual

hours sleep per night over a period of time. Performan
reduced if napping is possible. However the benefits of a d

receives less than five
ce impairment can be
aytime nap will depend
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A2.25 greatly on when the nap is taken, its quality, its duration and the amount of sleep
Contd. deprivation an individual has experienced. There is also evidence to suggest that
the benefits of napping, during the daytime or night time, are only observed two

hours after the nap and that performance can actually be worse immediately after
the nap (especially if the nap is taken at night).

Further reading: Dinges DF, Ome MT and Orne EC, 1985, Assessing

performance upon abrupt awakening from naps during quasi

continuous  operations. Behaviour Research Methods,
Instruments and Computers, 17, 37-45.

Tests: Psychological, physiological, physical.

A2.26 How many accommodation musters would be expected between the hours 0600

to 1800 hrs and 1800 to 0600 hrs during a high activity period on the platform
(such as an annual shutdown for maintenance). ‘

As A2.25,

A2.27 Define the sleeping environment in

terms of temperature, pressure, relative
humidity, noise level (continuous and in

termittent), distractions, and air movement.

The environment in which an individual sleeps can affect the quality of his or her
sleep and, as a result, affect mental and physical performance during waking
hours. A sleeping environment which is too hot, too cold, too low in humidity, or

too noisy, for example, will deprive an individual of sleep even if there is five hours
minimum (see A2.25) to sleep.

Investigation is required to determine what constitutes the optimum sleeping
environment for the people concerned. Due to individual variations, the

environment should be adjustable to an extent which can accommodate these
individual variations.

Tests: Psychological, physiological, physical.
A2.28 Define how an individual is selected

for the role in terms of personality attributes.

Is account taken of whether the individual who performs the role is to work in

isolation or as part of a team.

The personality attributes of an ind
characteristics of that individual.
psychometric tests, are generally
interpersonal style, i.e. how the ind
how the individual copes with stres
important to consider since an indi

ividual are considered to be relatively stable
The "personality attributes, as measured by
grouped into those which contribute towards
ividual interacts with others: thinking style and
s. The personality attributes of a role holder are
vidual who is placed in a role which is not
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A2.28 consistent with his or her personality can suffer stress, or create stress in those
Contd. with whom he or she inter

For example a person who needs to work wit

regulations are also measured by psychometric tests of personality and these too
are important to consider when selecting an individual for a role.

Tests: Psychological (psychometric tests).

Note: Although psychometric tests aim to measure the relatively
enduring characteristics of an individual, it is important to
note that these characteristics can change with time. As a
result, a psychometric test of personality is generally
accepted to be a reliable assessment of perscnality for no
longer than 6 months. After & months, a reassessment
should be performed. Taking into account the need for
periodic reassessment, psychometric tests can still provide a
valuable assessment of an individual's personality, provided
it is a reputable, validated test, the questions ‘which
constitute the test are answered honestly, and the results

from the test are interpreted correctly by people qualified to
do so.

A2.29 How aré the fitness requirements for the role determined,

What are the fitness requirements for the role, e.g. muscle build, hearing ability,
absence of colour blindness.

What screening exists to determine fitness to work (psychological and physical). Is
the screening performed once as part of the recr

uitment process or periodically
whilst the role holder is in the position. Does such screening test for drugs and
alcohol abuse.

Is there control of common non prescribed and prescribed drugs.

A number of common drugs can im
potential for human failure. For exa
of analgesic drugs can cause impai
processes which will impair perform
The ability of a role holder to cont
drugs should therefore be establis
impairment is a possibility,

pair performance and so can increase the
mple, research has shown that certain forms
rment of human psychomotor and attentional
ance on tasks which involve these processes.
inue with certain tasks whilst taking common
hed and remedial action taken if performance
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How are transient ilinesses such as colds and influenza handled.

Research in controlled environments ind
infections and ilinesses can impair performa
for human failure. The actual effects depend
type of virus. Research also indicates that th
limited to the time when the person was ill,
illness was noticeable.

icates that upper respiratory virus
nce and so can increase the potential
on the task being carried out and the
e impairment to performance was not
but also occurred before and after the

Further research is required on real life illnesses in real working environments to
take into account the fact that many tasks are practised and familiar to the worker
(unlike the tasks used in the research above) and the fact that naturally occurring
(real life) illnesses are typically more severe that those researched to date. The

interactive effect of these illnesses with other human factors needs also to be
researched further.

Further reading: Smith, A.P., and Jones, D.M. (1892) Handbook of Human

Performance, Vol. 2, pp 279-318 (Prescribed Psychotropic
Drugs: the Major and Minor Tranquillisers), pp 319-336
(Antidepressant Drugs, Cognitive Function and Human
Performance), and pp 337-385 (The Effects of Anaesthetic
m and Analgesic Drugs).

Tests: - Psychological, physiological, physical.

A2.30 When and what food (including caffeine and alcohol) is available to the role holder.

Research indicates that the consumption of food at breakfast time for day workers
can have a positive effect on memory performance. However the consumption of
food at lunch time can impair performance on tasks which require sustained
attention from the worker. This impairment is transient but can still be a factor
which increases the potential for human failure. This post lunch impairment on
sustained attention tasks can be reduced by the presence of noise or the
consumption of caffeine. The extent of the impairment could also depend on how
anxious the individual is, research indicates that low anxiety subjects show a
greater post lunch decline in performance than high anxiety subjects.

The consumption of food at night by night shift workers has also been shown to
affect an individual's performance although research in this area is more limited.
From research that has been carried out, it is believed that the effects of food
consumed at night are qualitatively different from the effects of food consumption
during the 'normal' daytime hours. For example, one investigation observed that
although noise alleviated a daytime post meal performance decline, this noise did
not alleviate a night time post meal performance decline. Although more research
is required in this area, it can be stated that caution should be exercised when

extrapolating research into the effects of food consumption during the day time to
(\ the effects of food consumption at night.

.
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Although there is a need for much more research in general, it does appear that
food consumption can affect human performance. Where there is a decline in
performance, the potential for human failure is increased. The actual effects are
more difficult to state as research to date indicates that the effects of food
consumption on human performance can vary with the time of day and the task
studied. However the size of the meal consumed and the composition of the food

may also be important compounding variables which have, as yet, not been
studied in detail.

The effects of caffeine consumption have also been studied, and it appears that it
can improve human performance in tasks requiring sustained vigilance when
taken in moderate doses as found in some foods. It has also been reported that
individuals claim that they are more alert and less drowsy when such doses of
caffeine have been consumed. These apparent beneficial effects of caffeine are
lost when it is consumed in excessive doses or by individuals who are sensitive to
it, in such cases caffeine can cause anxiety and disturb sleep. Furthermore,

adverse symptoms such as headache and mood changes can result when the
caffeine is suddenly withdrawn from the diet.

Research into alcohol consumption and human performance indicates that alcohol
impairs performance for at least 14 hours after it was consumed. Memory and

decision making performance are particularly impaired. Even alcohol consumed in

small quantities can impair performance, the effects being similar in magnitude to

those from fatigue, boredom, hunger, eating, many commonly prescribed drugs
and a number of various other risk factors.

Tests: Psychological, physiological

A2.31

Is the age of the role holder taken into acco

unt with respect to psychological and
physical abilities.

Although with age comes experience, certain human functions deteriorate.
Mobility, vision and hearing can all deteriorate with age and impair an individual's

performance. The age of a role holder, therefore, can not be ignored in an
assessment of the potential for human failure.

A2.32

What is the minimum and maximum time any individual is assigned to the role.

Research on a wide range of different tasks indicates that it can take up to 10
years for an individual to become an expert at a task or tasks. Research indicates
that the task performance of an expert is qualitatively different from an
inexperienced individual. For example, experts have better recall than less
experienced individuals and form different mental representations of a problem
(experts classify problems within their domain of expertise in terms of underlying
principles and spend time reformulating problems during problem solving)
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A2.32

Experts also have a superior level of knowledge.
Contd.

Therefore, where all other factors are equal between two individuals, it should not
be ignored that an individual who has held a role for less than 10 years may not
perform as well as one who has held the role in excess of 10 years.

A2.33 What cover is available should the role holder not be

available to perform the role
for a given time period.

How is a person to cover selected and trained.

What assessment and reassessment is made to en

sure the cover is competent in
knowledge, skills, fitness etc.

Any person who is required to cover for the role holder will require the same
knowledge and skills as determined to be required for the role holder, competency
assessment and reassessment of the cover individual is also required. In addition,
the cover individual should be able to practice the use of his or her knowledge and
skills periodically to help ensure that such do not deteriorate with time.

A2.34 Is account taken of the time of da

y a role holder will or could be required to
perform a particular task.

An individual's performance is not constant but can vary with the time of day. Such
variation is believed to be due to an individual's circadian rhythms and to other
‘external’ factors such as the consumption of food at particular times (see A2.30).

Research in controlled environments indicates that the time of day can affect

human performance on both memory and perceptual motor tasks. This work is
also supported by studies in the real world.

Further reading: Smith, A.P. and Jones, D.M. (1992) Handbook of Human
Performance, Vol. 3, Chpt. 8 (Time of Day and
Performance), London, Academic Press Ltd.
Folkard,S. and Monk, T.H. (1985) Circadian Rhythms in
Human Memory: in Hours of Work: Temporal Factors in
Work Scheduling, edited by Folkard, S. and Monk, T.H.,
Chichester, Wiley. '

Tests:

-Psychological, physical.

HFJIP\RETFINAL\A2.D0C Page 18 of 23




SN W Mgy

; s
ST A g’

AND REQUIREME NTS 33:
o R R TR S g SR AR

ROLE CHARAGTERIST

B B Lo e YT iy Lg;

53 ECIIR AR UIANY T = ey

S ANI

.~

e e
AR R AR ST

Progiiodedy

UMAN

FENENRARRN G R SR

CHARRCTERISTI

R JATY

What system of recognition exists to reward 'good performance.

Most individuals are motivated b
performance. Failure to recognise
demotivation, distraction and a deteri

Yy some recognition or reward for good
or reward good performance can result in
oration of performance.

A2.36

What contingencies exist to assist a role holder who has domestic problems.

Most individuals are not able to leave behind their personal life when in the
working environment. Life stress is associated with the life events and changes
that are considered to be an unavoidable part of life. The death of a relative,
financial worries, divorce, marriage, poor relationships with a partner or other
members of the family, Christmas etc. can all distract, which can impair
performance and increase the potential for human failure. In addition, such life
events and changes can affect the health of an individual, which can also impair
performance and increase the potential for human failure. It has also been found
that effects of these life events and changes tend to be cumulative to the extent

that ill health can result because a number of otherwise manageable events and
changes have occurred at the same time.

Where a individual fulfils a safety critical role, then the effect of life stress on his or
her performance, confirmed or suspected, cannot be ignored. This particular
potential cause of human failure requires skillful handling, and training will be

required for most supervisors such that it is identified early and managed
appropriately.

A2.37

Are an individual's language and commun

ication skills assessed with respect to
the requirements to perform the role.

The ability to communicate such that the meaning is clearly understood by those
who are intended to receive it is essential in most roles particularly those which
involve safety critical tasks and the command of others in safety critical situations.

Failure to successfully communicate can lead to incomplete understanding of the

message and in the worst case the wrong message being received. The potential
for human failure in communication

(in terms of misunderstanding) can be
increased where the people involved are of different nationalities, different ethnic
backgrounds and different dialects. In addition many working groups tend to have
their own jargon which may not be fully understood by all group members (some
jargon may even have different meanings to different people). Jargon must also,
therefore, be used with great care when giving safety critical instructions.

In periods of high stress and workload, for example in an emergency situation,
there will be an almost total reliance on verbal communication, It must be precise
and send a clear unambiguous message which is understood by all concerned.

Not all personnel have the skill required to do this and where individuals do not
possess this skill, human failure to communicate can occur.
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A2.37 Communications skills, both verbal and writte
Contd. Where no assessment is undertaken the
recognised, addressed and minimised.

n, therefore need to be assessed.
potential for human failure will not be

Tests: Psychological.

A2.38 Does a sub culture exist associated with the role. Are there any superstitions
associated with the role

In many work areas there exist sub cultures. These are usually found in areas
where the members of a group have a common purpose which is substantively
different to others at the work site. In the offshore environment, for example, there
are many of these sub cultures. Most are easily identifiable, for example drillers,
caterers and operations teams. A number of these sub cultures may have
superstitions associated with them. These sub cultures and superstitions can

dictate behaviour and this capability to increase the potential for human failure
when such behaviour is inappropriate cannot be ignored.

A2.39 Define the type and extent of distractions and interruptions, e.g. irrelevant speech,

ad hoc phone calls, visitors to platform, that might be expected within the role from
other people.

In most roles there exists the possibility of distractions and interruptions from other
people. Such-disruptions and interruptions can include those which arise from

irrelevant speech, ad hoc phone calls requesting information, tannoy messages,
-and visitors,

Although ways to minimise such distractions and interruptions should be
investigated and put in place, there may be little control over a number of them
and the ability to cope with those which cannot be avoided is extremely important
for those who hold safety critical roles or who may assume such a role in an
emergency situation. The management of unavoidable distractions and
interruptions by persons who fulfil such roles is, therefore, of great importance and
the ability to cope with them in all circumstances needs to be assessed. Inability to

perform in the presence of such distractions and interruptions can lead to human
failure.

Tests: Psychological, physical.

A2.40 Is the potential performance impairment from social psychological factors

recognised and addressed within the working environment. Such factors include

isolation from home and relatives; the relationships between the role holder and
his or her peers, supervisor and sub-ordinates; group membership; prejudice;
culture and society norms of behaviour;

group norms of behaviour; group pressure
and conformity; coercion; and social conditioning.
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A2.40 Stress in the working environment can result from a number of social factors, and
Contd.

a failure to manage these adequately by an individual or supervision. Such stress
can impair performance and increase the potential for human failure.

Poor relationships with peers, supervisors and sub-ordinates, conflict, abuse of

power are obvious sources of stress which can contribute to human failure
(particularly in terms of human error).

Annual appraisals, the actual methods of promotion and career development etc,

are an additional source of stress to an individual particularly where these are
perceived as unfair and biased by the individual.

Group membership can be another stress generating social factor in the working
environment. Social psychological research suggests that there exists a
psychological satisfaction associated with membership of groups. The groups to

which an individual feels psychologically a part (which can exist in or out of the
working environment) are said to form his or her ‘ingroups’.

There is also some evidence to suggest that the psychological satisfaction to be
gained by group membership is enhanced by the existence of an outgroup, that is,
a group which an individual does not feel part and from which he or she wishes to
dissociate. Such an outgroup can be real or imaginary. Members of an outgroup
can experience discrimination and even hostility by members of a given ingroup.
Examples of an individual's ingroups might be those associated with a particular
race, nationality, language, religion. Quite arbitrarily defined ingroups can also
form in the working environment particularly wherever people have the opportunity
to interact and become interdependent. Research indicates that a common goal
can unite ingroup members, and that competition can exacerbate discrimination
and hostility towards an outgroup. The need for such self categorisations are not
fully understood, however the existence of ingroups and outgroups creates a
source of stress and alienation to individuals who are not part of the main groups
that might exist within the working environment. This in turn can lead to distraction
and so to human failure. Where an individual is a member of an ingroup, such
membership might also contribute to human failure where it affects an individual's
behaviour particularly as a result of fear of rejection by other members.

Other social factors which can affects an individual's behaviour and so contribute
to human failure include: culture and society norms, group norms, group pressure
and pressure to conform, coercion, and social conditioning.

The negative effects of many of the social factors are difficult to eradicate,

however, their capability to increase the potential for human failure cannot be
ignored. ‘
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A2.41 How is the Company organised to support the role holder,

Many roles will require varying degrees of support from a Company's wider
organisation. In some cases this support will be considerable and can include
support in the following areas: technical, engineering, materials, personnel,
logistics and emergency response. The effectiveness of this support will have an
effect on the performance of the role holder particularly if it does not meet his or

her requirements or expectations. Where there is inadequate or inappropriate
support, then the potential for human failure exists.

Organisations rarely stand still and the management of change is another aspect
which can affect an individual's performance. Where the change is perceived as
detrimental to the interests of individual or work team of which he or she is part,
then moral can be affected and the potential for human error increased. The

management of change therefore requires careful consideration with its full impact
being considered before it is implemented.

A2.42 Do external pressures (Company, supervisors, peer group) to meet deadlines and
perform ex/st.

Role performance can be affected by the dictation of the order and timing of the
tasks by external forces. Deadlines will motivate to a point (underload can lead to
a deterioration of job performance), however unrealistic deadlines and too many
tasks requiring attention at the same time will result in overload and a deterioration
of job performance together with an increase in the potential for human failure.
The potential for human failure can also be increased where tasks are rushed in

order to meet tight deadlines. This is a particular problem if the pressure is applied
locally, e.g. by immediate supervision.

A2.43 Does the role holder undergo annual appraisal and ranking against others.

Whilst there are benefits associated with annual appraisal and ranking exercises,
they can also have a demotivating effect on individuals where the appraisal or
ranking does not meet the individual's expectations. Both can also affect the role
holder's behaviour through the year where the individual believes that such
behaviour could have a negative effect on his or her forthcoming appraisal or
ranking, e.g. not admitting mistakes. Demotivation and inappropriate behaviour
can both impair performance and increase the potential for human failure. They
need, therefore, to be addressed if such exercises are performed on individuals.

A2.44 Where the role involves workin

A g as part of a team, what is the age and experience
of other persons in a team. ’
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A2.44 As with personalities, inappropriate mixes of age and experience amongst

Contd. individuals within a team can impair performance. As the optimum age and
experience range will depend greatly on the tasks being performed, assessment is
required to determine this optimum and should consider all the tasks a team will
be required to perform.

A2.45 What are the irritants associated with the role, €.g. excessive quantities of

irrelevant paper, electronic messaging, travel delays, excessive standards and
procedures, equipment failure, repetitive false alarms and incorrect data, lack of
private space.

Irritants can be a source of stress and as such increase the potential for human

failure. The presence of such irritants should be addressed and, where possible,
reduced or eliminated.
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The human requirements are defined as the requirements to perform the role.

B2.1 What is the role title.
See B2.3.

B2.2 What is required from the role according to the job description.
See B2.3.

B2.3 What is required from the role according to those who perform the role.
The job description might identify the tasks and responsibilities that were
envisaged to constitute the role, however this may not necessarily reflect reality
in that the job description may under or over estimate the tasks and
responsibilities. The tasks and responsibilities detailed in this Role Evaluation
Tool should be those which reflect reality to the role holders. The role holder(s)
should therefore identify the total number of actual tasks and responsibilities
that constitute the role. Since role holders will become labelled by their role title
which can affect their interaction with others, it should be determined whether
the role title reflects the actual tasks performed within the role and the
responsibilities.

B24 What is the total number of tasks within the role according to those who
perform the role . Provide a one line description for each task.
Will any of the tasks result in conflicting responsibilities.
A one line description for each task should be given. Any potential conflicts in
responsibility (for example, to achieve targets) should be identified. Where
such exist, the possible effect on performance should be addressed.

B2.5 Which of the tasks are perceived to be stimulating by the individual who
performs the role. ~
The role holder(s) should identify those tasks which they consider to be
stimulating and those which they consider to be boring. This will be a
subjective account given by each role holder. A high proportion of boring tasks
which occupy a number of hours can affect the role holders’ performance in all
tasks.
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B2.6 Which of the tasks are perceived as monotonous

‘ by the individual who
performs the role.

See B2.5

B2.7 Identify each task which has been termed a safety

critical task (from task
analysis if available).

From the total number of tasks identified above, those tasks which have been
classified as safety critical (i.e. tasks which if not performed successfully could
result in serious injury, fatality, loss of containment, or major damage to an
installation or the environment), should be highlighted since it is these tasks
which are likely to have the most significant consequences where there is
human failure. These, therefore, will be the subject of later questions. Any
classification of what constitutes a safety critical task should be broad enough
to include those which may not be immediately apparent as being safety
critical. Furthermore, where there is the possibility for non safety critical tasks

to distract attention and impair performance, then these should be considered
safety critical as well.

B2.8 Under what circumstances are the safety critical tasks performed, i.e. normal
conditions, abnormal conditions or emergency conditions.
The task performance of an individual will be affected by the conditions under
which the task is performed. Boredom and overpractice can result in human
failure when a task is performed under normal conditions. Unfamiliarity and fear
can result in human failure when a task is performed under infrequent
abnormal or emergency conditions.

B2.9

Which of the safety critical tasks can be planned, and which will be unplanned.

Tasks which cannot be planned can result in human failure where there is
insufficient time to plan, to provide the correct tools and information etc.

B2.10 What factors decide the timin

g to perform a safety critical task and the task
deadlines. -

The factors which decide the timing and deadlines of tasks should be
considered in terms of whether or not they are negotiable or whether they are

realistic. A timing or deadline which is not negotiable or realistic can increase
the potential for human failure.
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B2.11

Are the safety critical tasks Supervised and to what degree.

Supervision provides a means of support to role holder in the execution of
tasks both in terms of assistance during periods of high activity and in
monitoring the appropriateness of critical decisions taken. This quality control

ensures that the role holders decision making processes where flawed can be

questioned and corrective action taken before they are implemented. Pro-

active competent supervision of this type enhances both the role holder's
performance and experience.

B2.12 | What are the requirements for situational awareness (risk perception) for each
of the safety critical tasks performed within the role,

An individual's perception of risk in an event or situation will depend on the
mental model that individual has formulated in response to it, This in turn will be
influenced by the individual's knowledge, experiences, expectations,
motivation, information available and the amount of attention an individual is
able to give to the information available. The fact that a person's perception is
influenced by his or her experiences and expectations means that his or her
perception is limited essentially to what he or she can conceive. Therefore risk
perception can be poor if the event is outside the realm of experience of an
individual. This is further exacerbated by the fact that having developed a
mental mode! of a situation, a person will tend to seek information which will

support and confirm their model and ignore further sources of information or
reject that which does not support their model.

B2.13 | Do any of the safety critical tasks within a role n

necessitate command, control or
supervision of others.

Where command, control and supervision involves interaction with other team
members, situations can arise where stress loading, multi-task management
and information overioad on Supervision can result in decreased or flawed
performance. It is important that supervision are aware of the dangers which
can result from this, understand the initial signs of stress and data overload and
know how to successfully manage these situations. For most supervision this
will require training under stressful conditions. Recent experience in this field
has shown that the majority of supervision require training of this nature and
that following it the awareness of their capabilities is enhanced. The training
itself needs to be carefully controlled so that the subject's stress levels are
constantly monitored to ensure realism without exposure to stress levels the "
trainee " cannot handle. The training thus prepares the “trainee" for future

exposure to stress by giving him/her experience of the physiological effects of
stress so that these can be self-diagnosed in the future.
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B2.13

Training which fails to expose a " trainee " to these stress related aspects of
Contd.

supervision will be of little value and could result in an inferior quality of
supervision being exposed later to situations they will fail to handle effectively.

In addition to being a stress factor, the command or supervision or others can
have a distracting effect particularly where such is not consistent with an
individual's personality. Where the role holder is required to command and
supervise, the distractive effect of such should be taken into account when

addressing the requirement for attention and vigilance in safety critical tasks
performed within the role.

Psychometric tests can be used with training to help establish the ease with
which an individual can command or supervise.

Tests: Psychological, physiological.

B2.14
(@)

What is the maximum duration of the safety critical tasks within the role.

Tasks which necessitate prolonged mental or physical effort can impair

performance and increase the potential for human error where the individual
does not take or is restricted from taking a rest break.

There should be adequate competent personnel available at any one time,
such that a role holder can be relieved to take a rest break. The timing and
duration of such breaks will depend on the task being performed and the

individual performing it. Testing will be required to establish timing and duration
requirements.

Tests: Psychological, physiological, physical.

|(3b2).14 Do any of the safely critical tasks require vigilance for sustained periods of
time.

A number of roles involve tasks which require an individual to detect small but
significant changes in an environment or the occurrence of unusual and critical
events. Although infrequent, these changes and events can occur suddenly
and without warning. Having detected such changes or events, the individual is
then often required to react appropriately and rapidly in order to prevent a
serious escalation of the initial change or event. According to Parasuraman
(see further reading below), vigilance can be defined as an individual's 'state of
readiness' to respond to these infrequent critical changes and events'.
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Research in the controlled environment of a laboratory indicates that most
(b) people find it difficult to remain vigilant for any significant length of time (i.e.

time periods greater than one hour) and a deterioration in vigilance is
observed. Where a task combines the need for almost continuous attention
with a mental load on short term (working) memory, this deterioration in
vigilance performance is believed to be due the inability of an individual to
maintain the mental effort needed over a prolonged period of time.

Other human factors can affect the vigilance performance of an individual.
Studies have indicated, for example, that alcohol can impair vigilance, whilst
low frequency vibration can increase vigilance. An individual's circadian
rhythms can also affect vigilance. There is also evidence to suggest that there
exists individual variations in vigilance performance and that introverts
generally perform better than extroverts on vigilance tasks. However attempts
to use psychological and physiological measurement to determine and select’
highly vigilant individuals for vigilant tasks has not as yet been wholly

successful.
Further reading: Parasuraman, R. Vigilance, Arousal and the Brain, in
Gale, A., and Edwards, J.A.,1983, Physiological
Correlates of Human Behaviour, Vol. ll: Attention and
Performance, London, Academic Press.
Tests: Psychological, physiological.
B2.15 | Do any of the safety critical tasks allow an individual to take rest breaks during
their execution. How long are the rest breaks and of what do they consist.
See B2.14.
B2.16

Do any of the safety critical tasks require a toolbox talk.

Where tasks require a toolbox talk, persons who will perform the task should be
given the opportunity to feedback their understanding from the talk, prior to task

commencement, to ensure that they have correctly interpreted the intended
message.
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What safety critical tasks require the completion of documentation prior to their
commencement (e.g. Permit to Work).

Documents include checklists, permits and records. Documents can help
ensure that safety requirements are implemented, authorise work to proceed,

and measure safety performance. Documents are one of the management
controls that can be applied to safety critical tasks.

B2.18 | Does the role require knowledge of terminology, slang, etc.

Where the role requires interaction with others and a knowledge of unique

slang or terminology, human failure may result in the form of misunderstanding
where an individual has insufficient knowledge of such language.

B2.19 | Does the role require fluency in the working language in order to command
persons in an emergency situation.,
Individuals whose native tongue is not the working language at the worksite
may fail to communicate adequately in a stressful situation.

B2.20

Taking each safety critical task in turn, what information is required to perform
(@) the tasks within the role.

All information that is required to perform each of the tasks should be listed.

B2.20 | Taking each safety critical task in turn, what information is available to perform
(b) the tasks within the role.

The actual information that is available to perform the tasks within a role should

be listed. This should be compared with the information required as given
above under B2.20(a). Omissions should be resolved.

B2.20 | How is this information presented to the individual, e.g. verbally (directly or via

(c) telephone or radio), audibly via an alarm system, visually via gauges, computer
monitor or status lights, written etc.

B2.20 | Are gauges etc. selected for ease of readability by those who will be using
(d) them.
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B2.20 | Are any of the controls unusual in terms of operation.

B2.20 | Is any of the information colour coded. |If so, what do the colours (e.q. yellow
1) (amber), red, green, blue, white, other) represent.

B2.20 | Is all information presented visua

lly within the individual's field of vision from
(9) the normal work position.

B2.20 | What is the quality of the information, is it reliable. Do any of the information
(h) Sources have error which has to be corrected by the individual.

B2.20 | Is all necessary information readily accessible.

0]

B2.20 | Is there any information which must be inferred from available information.

)

B2.20 | What controls the timing of when information is presented. Is this information
(k) then available continuously or only for a short period of time.

The information that is available to an individual to perform the tasks within a
role will have a major effect on task performance.

Itis vital that the information available to the individual is suffi
the tasks, reliable, is presented at the right time and for ad

Information which has to be inferred from other available infor!
avoided where possible.

cient to perform
equate duration.
mation should be

The form in which the information is presented is also important. For example,
audible information is omni directional and so is available to the role holder
irrespective of his or her line of sight; however it can distract thought and can
be transient and so can be forgotten, also although auditory information will
generally be quicker to process mentally than visual information it can result in
a greater number of errors; visual information is available for repeated

reference and is not inhibited by background noise, but it is directional and
requires to be in the role holder's field of view.

All instrumentation should be tested for e

ase of readability by those who will be
required to read them.

HFJIP\RETFINAL\B2.D0C Page 7 0f 22




P R Dry S A e
IROLE ICHARACTERISTICS AND REQUIREMENTS ERSUS HUMAN 22
CHARACTERISTICSAND REG

Swte

AR M N '
‘B2ZHUMAN REQUIREME O D St DR 2
R

B2.20 | Operation of controls should be consistent with t

(k) which exist as a result of his or her knowled
Contd. | workplace and in everyday life.

he role holder's expectations
ge and experiences both in the

Colour coding should also be consistent with t
For example from everyday life, people expect

red indicator which means go is likely to be misr
stress.

he role holders’ expectations.
red to mean stop; therefore a
ead particularly during times of

Where there is uncertainty as to how information should be presented, its
timing and duration etc, assessments should be performed to determine the
optimum for the working population concerned, taking into account the

maximum amount of information that an individual could be expected to
process at any one time (see B2.21).

Tests: Psychological.

B2.21 What is the maximum amount of information an individual would be expected

to process at any one time: under normal situations?; abnormal situations?;
and emergency situations?

Too much information, too little time to process information and/or excessive
processing requirements can result in mental overload and lead to human
failure. The constraints on human memory (in particular short term (working)

memory) are generally considered to result as a consequence of human
information processing limitations.

The determination of whether or not a role holder is able to manage a particutar
situation (e.g. emergency) or task without overload is best carried out by
simulation. The results should be considered applicable only to the individual
tested since some people will perform better than others. An important factor
in an individual's performance is his or her experience at the tasks. A more
experienced role holder will process more information automatically which
reduces the load on working memory. A simulation to determine whether there
exists the potential for overload should also simulate the noise, heat or cold
conditions that will exist in the working environment, as these factors can affect
the paint at which mental overload is reached. Other factors which can affect

the point of mental overload are those which can cause fatigue, illness and
emotional problems,

Tests: Psychological.
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Does the role involve periods of underload which can be broken by the sudden
requirement to respond to a high workload.

Mental underload can result in poor performance. If people have insufficient
work to do and are under stimulated they can become bored and external
information necessary to perform a task can be missed. The lack of workload
can also affect an individual's ability to react quickly and correctly in an
emergency. The determination of the existence of mental underload is, as with
mental overload, best carried out by simulation.

B2.23
(a)

What safety critical tasks require use of mentally held knowledge and/or a skill
or number of skills and to what extent. How is such knowledge and/or these
skills acquired, e.g. acquired elsewhere, acquired ‘on the job' or by specific
training with an assessment process to determine whether the knowledge has

been acquired and not forgotten and the skill(s) have been acquired and
maintained.

Consideration should be given to what knowledge and skills are required to
perform the safety critical tasks, and how such knowledge and skills are
acquired and maintained by an individual. Assessments should be performed
to ensure that an individual has the required knowledge and/or skills
irrespective of where such are supposed to have been obtained. Periodic re-
assessments should also be performed to ensure that the knowledge and/or

skills are maintained. This is particularly important where they are required
infrequently.

B2.23
(b)

Is information obtained from the investigation of incidents used in a training
programme as part of knowledge and skill acquisition.

The investigation of real incidents provides a valuable source of information
which can be used to help determine what knowledge and/or skills are required
by the role holder(s). Utilisation of this information as part of a training
programme assists in the acquisition of such knowledge and skills.

B2.23
(c)

Where skills are tested and assessed, how is the test and assessment
determined to be a valid predictor of performance in the ‘on the job",

Where a skill is tested and assessed as a measure of performance 'on the job',
there requires to be a validation of the test and assessment which
demonstrates the correlation between the test and assessment and real

performance. This is especially important where the test and assessment are
carried out under simulated conditions.
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B2.23
(d)

Where skills are assessed, how are the assessors selected and assessed.
The assessors who assess others must have demonstrat

ed their competency
in those skills being assessed.

B2.23
(e)

Is the knowledge acquired during training tested in practical applications.,

A training programme which imparts knowledge in a 'classroom' situation may
not be utilised by the 'student’ in the real world. He or she may fail to see its
relevance in a number of practical applications particularly where the use is not
obvious. Therefore a training programme should aim to relate, apply and test
the use of any imparted knowledge to a number of practical applications.

B2.23
v

Is there any monitoring of performance ‘on the Jjob’ after training.

The knowledge and skills that a role holder actually has from previous training
and experience and that which he or she is assumed to have for correct
performance of a task may not be the same. It is therefore important to
determine what knowledge and/or skills a role holder requires to perform a

safety critical task and to test whether the role holder actually holds this
information.

Knowledge and/or skills that are required to perform the safety critical tasks
within a role will necessitate not only suitable training but also an assessment
and periodic reassessment process to determine whether the knowledge has

been acquired and not forgotten, and that the skills have been acquired and
maintained (see B2.23(a).

To supplement the assessment and reassessment process, the monitoring of
an individual on the job should also be performed particularly after any initial
training. This not only provides a measure of the value of the training to an

individual whilst in the working environment, but also helps early identification
of any problem areas.

B2.24 | Are individuals trained in diagnostic, problem solving and decision making skills

which will help them to cope with unfamiliar situations.

Individuals should be trained to develop diagnostic, problem solving and

decision making skills. This training should be relevant to the safety critical
tasks which they are required to perform.
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B2.25 | Are infrequently used but important knowledge and skills given frequent
, refresher training.

An individual's held knowledge and skills will deteriorate with time if such are
utilised infrequently, therefore it is important that the knowledge and skills
required for infrequent but safety critical tasks are maintained by frequent
refresher training. An assessment and reassessment process (see B2.23(a))
will assist determination of how frequent such refresher training should be and
also ensure that the knowledge and skills are acquired by an individual.

B2.26 | Do any of the safety critical tasks involve the interpretation and mental

manipulation of information or for information to be held for any length of time
in the individual’s memory between receipt and usage.

The interpretation of information has limitations as highlighted under B2.12, the
mental manipulation of information introduces the further potential for human
failure (in the form of error) particularly when the individual is unable to allocate
sufficient mental attentional resources to such manipulation (e.g. under times
of stress or distraction); new information that is required to be held in an
individual's short term (working) memory for longer than 6 - 12 seconds (even
that which does not exceed short term (working) memory capacity limitations

can become distorted or lost (forgotten) unless sufficient attention can be given
to rehearsal). »

B2.27 | Does the role require periods of passive monitoring and/or observation in

isolation which are greater than half an hour.

Monitoring and observation performarice can deteriorate where such are
carried out uninterrupted for periods longer than half and hour.

B2.28 | Do the safety critical tasks require sustained a

ttention (concentration) for long
periods of time (greater than one hour).

The ability to maintain sustained attention will deteriorate where such is carried
out for periods longer than one hour.,

HFJIP\RETFINALIB2.00C Page 11 of 22
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B2.29 For all safety critical tasks, to what extent is infdfma

tion transmitted verbally
between individuals (including during a handover of in

formation).

The verbal transmission of information is transient and can be forgotten.
Misunderstandings can result particularly where the speaker makes incorrect
assumptions about what the listener does and does not know. To limit

misunderstanding, the listener should feedback his understanding of a
conversation to the speaker.

B2.30 | Are there clear procedures for the handover of information

between different shifts and/or individuals with different re
operations and maintenance.

and responsibility
sponsibilities, e.g.

The potential for human failure is increased where the

procedures for handing
over information and responsibilities are unclear.

B2.31 For each safety critical task, what procedureé and checklists exist to perform

each of the tasks in the role? Who wrote these documents and how is it

ensured that users understand the text? Where misunderstanding or ambiguity
is identified, how is this corrected?

Where the author(s) and reviewer(s) of the procedures and checklists are not
those who perform the role, then the role holder(s) should at least have input to
their creation and review. The documents should be tested on all potential
users to ensure that they fully understand their use and content. All procedures ||
and checklists should be kept to a minimum in size for ease of use under all
foreseen circumstances, but at the same time contain sufficient information to
prevent wasted time in searching for cross referenced material in other
documents. Text size should reflect the fact that emergency procedures and
checklists will be used at times of stress and may be read under poor lighting
conditions by users who have less than perfect vision. Content should also
reflect the fact that users might be under stress and already have a high
workload. The use of negatives in the text, e.g. "not on" instead of 'off' should
be avoided as these take longer to mentally process, also the 'not' could be
missed or forgotten if the text is read or heard in hurried or degraded

conditions. Instructions should be ordered to reflect the order of necessary
actions. ' {

B2.32 | /s the range of applicability of the procedures and checklists documented and

identified to the users.

Any assumptions or limitations in the use of a procedure or checklist should be
clearly identified in the document and identified to the user.
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B2.33 | Are the conditions under which the procedures must be used clear and
unambiguous to the users. How are such tested.

Procedures which are clear and unambi
may not be so to the users. Users shoul
of procedures and their use should be t

guous to the author(s) and reviewer(s)
d have input to the creation and review
ested prior to implementation,

B2.34 | Is there a simple and unambiguous indexing method for users to choose the
required procedures in all foreseen situations. How is such tested.

Any indexing method should be tested t

0 ensure all possible users consider it
simple and unambiguous.

B2.35 | Has the use of the provided procedures been tested ‘on the job’.

All procedures need to be tested by the users 'on the job'. Where this is not
possible, their use should be tested in simulated exercises.

B2.36 | Isthere a system for revising procedures in the light of expen’ehce.

There should exist a system for revising procedures where any problems
associated with a procedure or checklist can be highlighted and resolved.

B2.37 Can emergency procedures be implemented whether or not the user knows
what is wrong, i.e. are they symptom based rather than event based.

It is more often the case that a number of symptoms are known about a
situation but not the actual situation event. Therefore, unless specific

requirements dictate otherwise, emergency procedures should be based on
likely symptoms rather than possible events.

B2.38 What problems solving might the individual be required to perform in the
execution of each of the safety critical tasks.

The type of problem solvin

g required in a role should be taught and practised
by the individual.

HFJIP\RETFINAL\B2.00C Page 13 of 22
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B2.39 | What decision making might the individual be required to perform in the
execution of each of the safety critical tasks.
The type of decision making required in a role should be taught and practised
by the individual. '

B2.40

What is the minimum time for making a decision within the safefy critical tasks.
How accurate do such decisions need to be.

The less time available to make a decision then the less accurate a decision
will tend to be. This is known as the speed accuracy trade off. In the extreme,
where the time to make a decision is negligible an individual will have
insufficient time to take in and process information and he or she will be
reduced to making fast guesses. Therefore in safety critical decisions where
accuracy is essential, the aim must be to provide an environment where the

role holder has the maximum amount of time to gather and process (accurate)
information and make a decision.

Tests: Psychological.

B2.41 | Do the safety critical tasks re

quire decisions to be made alone or part of a
team.

Due to the pooling of knowledge and skills, team decision making is generally
considered to produce better quality decisions and solutions to problems than
the majority of the individuals in the team might produce alone. However,
research indicates that such a team decision will, at best, rarely be better than
the decision made alone by the most able member of the teamn, and there is
evidence to suggest that, at worst, a team decision will be more extreme
(involve greater risk) that a decision made by an individual alone. Team
members might be more likely to overlook important information than
individuals alone or conform to the consensus opinion. The status of individual
members within a team, the compatibility of members and interpersonal
relationships can also affect the final decision. These factors need to be taken

into account when safety critical tasks involve the team decisions and ways to
minimise their impact established. '
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B2.42 | In teams, is the allocation of responsibility and authority clear, complete, non
overlapping, known to and ac

cepted by all individuals including the role
holder(s).

A role holder's responsibilities and a
identified to the role holder and
responsibilities and authority.

uthority should be clearly documented and
to those who will be affected by such

B2.43 | Are any changes in these resp

onsibilities during a non routine event or
emergency clear and practised,

Where there is a change in responsibiliiy or authority as a result of a non

routine event or emergency, such should be clearly documented and identified
to those affected by such change.

B2.44 | Does the role include rep
its frequency,
elc.

etitive safety critical tasks. If so, what is the work and
e.g. number of times per 12 hours, number of days per week,

Tasks that are performed repetitivel
attention, however it is the lack of
human failure (as mental error) p
makes a particular situation unique

y may improve skill level and require less
attention to a task which can also result in
articularly where a condition exists which
and different from previous occurrences.

B2.45 | Do any of the tasks re

quired to be performed under the role necessitate
physical (manual) work?

What is the extent and nature of it this work?

Performance on a physical task will depend on whether the task requires

repetitive movement using the same muscle groups, and static or dynamic
contraction of muscle. It will also depend on an individual's muscle mass and
cross sectional area, posture, motivation, and physical dimensions.
Deterioration in performance or human failure (musculoskeletal injury) can
result if the task requires a high degree of repetitive movement of the same
muscle groups over a long period of time, and/or the task requires the long
periods of static muscle contraction or excessive rapid dynamic contraction.
Human failure can also result if the physical task requires an individual to adopt
a poor or unstable posture, for example, as a result insufficient work space or
the individual having unsuitable physical dimensions; the individual is under
motivated (or too motivated and attempts a physical task beyond his/her

abilities); or if the individual has insufficient muscle mass and cross sectional
area to perform the task.
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B2.45 | Insufficient or incorrect attention to the physical work requirements of a role, to

Contd

the working environment in which a physical task is to be performed, or to the
human requirements can therefore result in human failure. Selection and
training of an individual are also important.

The lifting of awkward or heavy loads in restricted work spaces is an obvious
example of a physical task where there is the potential for human failure.
However the lighter physical tasks more associated with non manual handling
tasks (such as interaction with computers and office type' work) can also result
in a range of human injuries known collectively as work related upper limb
disorders. These injuries are located in the wrist, hand, arm, upper shoulder
and neck of an individual. Research indicates that factors such as the amount
of force being used over a period of time, the posture in which the forces are
being applied, and the number of times that this occurs over a given time
period all influence the likelihood that an individual can develop such disorders.
Whilst the design of the work and the working environment will have the most
important impact on reducing these injuries, as with the heavier physical tasks,
selection and training of an individual are also important.

Further reading: Health and Safety Executive, 1990, Work related upper
limb disorders, A guide to prevention, HMSO, London.
Tests: Physiological, physical.

B2.46 | For any manual work that is performed:

(@)

What type of work is involved, i.e. static or dynamic physical effort, and over
what time period (endurance).

In general, the greater the effort, then the greater the potential for human
failure,

Is any of the movement repetitive, e.g. number of times per day, number of
days per week.

In general, the more repetitive the movement, the greater the potential for
human failure.

What is the duration of any applied physical effort.

Does any movement involve excessive Jjoint angles.
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B2.46 | Movement requiring excessive joint angles can increase the potential for

(a) human failure. What is the duration of any applied physical effort.
Contd.

Does any movement involve excessive joint angles.

Movement requirin

g excessive joint angles can increase the potential for
human failure.

Does the movement require ra

pid bursts of activity or activity at a steady rate
over a longer period of time.

Rapid bursts of activity can increase the potential for human failure.

Not all individuals will be suitable to
therefore some form of selecti
human failure.

perform a pérﬁcular physical task or tasks,
on will be required to minimise the potential for

Those selected should also be given adequate training.

B2.46 | For manual handling (liting) tasks in particular:
(b) ' ~

Insufficient or incorrect attention to the manual handling of loads can result in

injury to the handler. Such injury can result in human failure which can resuilt in
an uncontrolied dropped load leading to impact damage of the manual handler
or others in the vicinity of the manual handling operation.

Sprains and strains to the m
The back is the most co
fingers/thumbs and the

anual handler are the most common type of injury.
mmon site of injury, the next common being the

period of time. Poor post
important contributory factors to sprain and strain injury.
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B2.46 | In Great Britain, and in other parts of the world there exists legislation that aims
(b) to protect the health and safety of an individual involved in manual handling
Contd.

operations. In Great Britain the majority of employees are protected by
legislation that is general; for example Section 72(1) of the Factories Act (1961)
states that 'a person shall not be employed to lift, carry or move any load so
heavy as to be likely to cause injury to him'. The Offices, Shops and Railways
Premises Act (1863) contains a similar statement. Whilst the Health and Safety
at Work Act (1974, Sections 2 and 7) outlines the general duties of employers
and employees, and contains no specific reference to manual handling as a
separate activity. The International Labour Conference (1967) adopted ILO
Convention 127 and Recommendation 128 ‘concerning the maximum
permissible weight to be carried by one worker’ in regular manual transport of
loads. However, many countries, including Great Britain, have not given formal
approval to these recommendations, its use is therefore limited.

In 1981, the National Institute for Occupational Safety and Health (NIOSH)
USA published a work practices guide for manual lifting, which suggests two
limits; the action limit (AL), below which no regulations or guidelines are
necessary; and the maximum permissible limit (MPL), intended as a maximum
above which manual lifting should not occur. Above the MPL any load is
hazardous, whilst below the AL, the risk of injury or overexertion is minimal.
Between the AL and the MPL ergonomic control is required.

In Great Britain, The Health and Safety Executive Manual Handling Operations
Regulations are now in force, effective from 1st January 1993. These
Regulations aim to state the minimum requirements for employers to avoid
hazardous manual handling operations in the workplace 'so far as is
reasonably practicable; to make an assessment of any hazardous manual
handling operation that cannot be avoided so far as is reasonably practicable,
and where it is not reasonably practical, then to perform other improvements to
the task, the load and the working environment to reduce the risk. In line with
much of the existing legislation in Great Britain, the Health and Safety
Executive Regulations do not state specific weight limits requirements for
manual handling operations, but it is an authoritative document which gives the
minimum health and safety requirement for the manual handling of loads where
there is a risk particularly from back injury to workers in any workplace. The
Regulations implement the European Directive 90/269/EEC on the manual
handling of loads, supplement the general responsibilities placed upon
employers and employees by the Health and Safety at Work Act 1974 and the
broader requirements of the Management of Health and Safety at Work
Regulations 1992, and replace a number of earlier, outdated legislation.
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B2.46 | In Great Britain, reference should therefore be made to the Health and
(b) Executive Manual Handling Operations (1992) for the minimum ergonomic
Contd. | requirements for manual handling operations and in association with the
answers given to the questions set under B2.46b. Since these Regulations
state no specific requirements on weight limits, the NIOSH guidelines which
includes weight limits can also be consulted. However, since these NIOSH
guidelines do not form part of the United Kingdom legislation or guidance, they
can only be consulted for general information when used in Great Britain in
association with the answers given under B2.46b in the absence of any specific
weight limits set by the any United Kingdom authoritative body for general use.
Likewise, the International Labour Conference (1967) adopted ILO Convention
127 and Recommendation 128 are available for general information in
association with the answers given under B2.46b. A further publication by the
Health and Safety Executive entitled ‘Manual Handling - Solutions You Can
Handle (1994) provides information to help employers avoid manual handling
or to reduce the risk of injury where their assessment shows there is a risk
associated with a manual handling operation that cannot be avoided.

Safety

What is the frequency of the lifting task(s)
What is the distance over which the load is carried.
What is the time for which the load is supported by an individual.

The frequency of the lift, the distance over which the load is carried and the

time for which the load is Supported by an individual, if excessive, can increase
the potential for human failure as a result of fatigue.

What is the weight of the load.

As weight increases the risk of huma
aware of their own limitations
handling operation.

n failure increases. Individuals should be
and the weight of the load prior to any manual

Is the lifting operation performed by one individual.
What is the height at the start of the lift.

The height at the start of the lift will affect the initial posture.
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B2.46 | What is the height at the end of the lift.
(b)
Contd. | The height at the end of the lift will affect the individual's final posture.

Is any training performed on how to lift. What does the training consist of and
what lifting technique is taught.

The disadvantages and advantages of different taught lifting techniques and
the basic requirements for any training programme on manual handling is given
in the Health and Safety Executive (1985) Manual Handling and Lifting: An
Information and Literature Review with special reference to the back,

Is the workspace to perform the lift restricted (restricting posture).

A restrictive workspace to lift a load will create the potential for human failure
when such restriction causes the individual to adopt an unbalanced posture
which will impart excessive forces on the individual's musculoskeletal system
(increasing the potential for strain or sprain injury) and cause the individual to

fall, lose control of and/or drop the load or impact with solid surfaces where the
individual's field of view is restricted etc.

Does the load have handles and, if so, where are they located.

Handles will assist in the manual handling operation providing they are located
in a position which assists the lifting posture. The handles will also allow the
manual handler to adopt a power grip where the fingers are wrapped around

the handles instead of more hazardous holds such as the lumbrical (pinch) grip
which is approximately six times weaker.

What is the size and shape of the objects to be lified. .

Both affect the individual's ability to grasp and hold a load and their overall
centre of gravity (balance).

What type of tools are used to assist manual handling operations.

Mechanical aids to assist manual handling may only transfer the risk of injury to
other parts of the human body and not remove the potential for human failure.
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B2.46

(b)
Contd.

Under what conditions is the manual handling performed, e.g. transport up and
down stairs, on floors which might be slippery, exposed locations where
gusting winds might be experienced, temperature and humidity.

Manual handling in hazardous conditions will increase the risk of human failure.
Manual handling under conditions of high temperature and humidity and low air

movement will increase the potential for human failure due to increased sweat
production as loads will be difficult to hold.

Further Reading: The Health and Safety Executive (1985) Manual Handling
and Lifting: An Information and Literature Review with
special reference to the back, JDG Troup and FC Edwards.

B2.47

_consoles, control panels.

What tools are available to perform the tasks within the role (including
handheld tools, computers, control devices, cranes etc.).

For each tool, their adequacy to assist the user in the task should be assessed.
Where the tools include control devices, factors such as frequency of use,
sequence of use, importance of control, simultaneous use, device similarity
(see below), symbolism used, spatial logic with displays, and prevention of
inadvertent operation need to be addressed when assessing the adequacy in
terms of control device type and control panel layout.

Are any of the tools used similar but not identical in operation, e.g. computer

Tools which are similar but not identical in operation can increase the potential

for human failure (as error) particularly where the user's actions have become
automatic to one particular design.

Do any of the tools generate vibration of the user’ limbs etc.

Hand-arm vibration (as opposed to whole body vibration which is highlighted
under A1.3) is now considered to be an important factor in human failure as a
result of injury and is associated in particular with the use of tools which
generate vibration in the hands and arm of the user, Important factors to
consider are the acceleration of body parts caused by the vibration, the
frequency and amplitude, the exposure time, and whether the exposure time is
continuous or intermittent with rest breaks. The main injury associated with

hand held vibrating tools is known as vibration white finger triggered when
touching cold objects or exposure to the cold.
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B2.47

Vibration white finger can impair sensory performance and lead to a loss of
Contd.

manual dexterity and finger co-ordination in the early stages of the injury.
Further exposure to vibration can cause progression to more severe injury.

Further reading: The injury is still to be fully understood, however the Health

and Safety Executive have produced a document entitled
Hand Arm Vibration (1994).

Are the tools periodically checked and maintained.

What training is given in the use of the tools.

Are any of the tools unusual in terms of operation or usage, e.g. handles turn
clockwise for OFF and decrease or turn anti-clockwise for ON or increase.

B2.48 | Do any of the tasks require the use of personal protective equipment. What

personal protective equipment is required. Can this equipment restrict
movement, field of vision or the individual’s heat maintenance.

Personal protective equipment which is issued to an individual may restrict
movement, field or vision or affect the individual's heat balance. These factors

must be considered when determining the human requirements to perform a
task.

B2.49 | What support organisation is required to perform the tasks within the role.

The support organisation required to perform a task, particularly safety critical
tasks, should be identified and put in place to ensure that they are available

when required (e.g. 24 hours a day, every day). See also A2.41.
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Work Role:  Offshore Deck Crew & Heli-Deck Assistant (HDA)

(Answers to questions are in italics).

Al Define the physical environment in which the role will be performed in terms of

ambient temperature. What is the variation in this temperature. What are the
extremes in terms of maximum and minimum temperature?

Working temperature range minus 5 to plus 20 degrees centigrade (excluding
wind chill).

A1.2 Define the physical environment in which t

ambient radiative heat temperature. W
What are the extremes in terms of the
temperature?

he role will be performed in terms of
hat is the variation in this temperature?
maximum and minimum radiative heat

Heat radiation possible from platform flare when working on heli-deck. Maximum
and minimum radiative heat transfer requires measurement. Maximum duration on
heli-deck approximately one hour under normal circumstances.

A1.3 Define the physical environment in whic
vibration. What is the variation in this vi
of the maximum and minimum vibration?

h the role will be performed in terms of
bration? What are the extremes in terms

No severe vibration.

Al4 Define the physical environment in which the role will be performed in terms of

surrounding ambient pressure. What is the variation in this pressure over short

and long periods? What are the extremes in terms of the maximum and minimum
ambient pressure? ,

Not applicable.

A1S Define the physical environment in which the role will be performed in terms of

noise level (continuous and intermittent), i.e. undesired sound. What is the

variation is this noise level? What are the extremes in terms of the maximum and
minimum noise level? What are the noise sources?

Noise level high during helicopter

S movements (ear defenders worn). Maximum
noise levels require measurement.
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A16

Define the physical environment in which the role will be performed in terms of air
pollutants that might be present (continuous or intermittent). What is the variation

in air pollutants and their maximum and minimum concentration in the
atmosphere?

Air pollutants mainly from helicopter exhaust gases on heli-deck and turbine
exhaust gases.

A17

Define the physical environment in which the role will be performed in terms of
relative humidity. What is the variation in relative humidity? What are the
extremes in terms of the maximum and minimum relative humidity? s the relative
humidity controllable, and, if so, what factors determine the set level?

Weather determines relative humidity.

A1.8

Define the physical environment in which the role is to be performed in terms of air

movement (speed and rate of change in an enclosed environment). What are the
maximum and minimum values?

Air movement determined by weather (wind speed) and draught from helicopters.
Both can be hazardous especially wind speed when gusting.

A1.9 (a)

A1.9 (b)

Is the ambient lighting natural and/or artificial? What is the ambient lighting level,

does this vary throughout a 24 hour period according to a set pattern? Can the
lighting level be varied manually?

Ambient lighting is natural during the day and artificial (floodlights) during the
hours of darkness. Restricted work in poor lighting conditions, e.g. fog or snow.

What is the main colour scheme of the environment?

Sea and sky.

A1.10

Will performing the role cause an adverse change to any of the above
environmental factors? If so, how and to what extent? .

Main factor to change is air movement as a result of helicopter movements.
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Is the environment in which the role is performed stimulating or monotonous?

Monotonous during normal operations.

A1.12 Is the role performed under extreme changes in environmental conditions?

Yes due to changes in weather (wind, rain, storm

s etc.) and helicopter
movements.

A1.13 Define the type and extent of distra

ctions and interruptions that might be expected
from the environment.

Main distractions are as a result of noise (e.g. process blowdown, drilling
activities, PA announcements, container impact, crane engines). Other
distractions include working in wet clothing, restricted hearing as a result of
wearing ear defenders), platform general platform alarm.

Al1.14 Define the environment in terms of potential chemical hazards.
Handle and work with numerous chemicals including chemicals transported by air
and sea, detergents, and aviation fuel.

A1.15 Define the environment in terms of potential physical hazards.
Stairs, crane hooks, tripping hazards on heli-deck, helicopter rotor blades.

A1.16

Define the environment in terms of potential biological hazards.

Not applicable.

A1.17 What are the potential chemical

'hazards that are introduced as a result of
performing the role?

Handling and working with production and drilling chemicals transported by air and
sea, detergents used for cleaning decks, re-fuelling helicopters.

A1.18 What are the potential

physical hazards that are introduced as a result of
performing the role?

Movement of cargo loads, crane lifting from supply vessels, helicopter rotor
blades.
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A1.19 What are the potential biological hazards that are introduced as a result of
| performing the role?

Not applicable.

A1.20 Define the workstation/site in which the role is performed in terms dimensions and
layout? Who or what determined the dimensions and layout?
Dimensions of worksite are variable (heli-deck, loading areas etc.), layout also
variable (container shape and put-down location, aircraft type etc. ).
If the workstation/site is designed for human activity, is there a design standard?
The worksite is not designed for human activity.
Can the workstation/site be adjusted to suit different individuals of different
dimensions?

‘ No.
” A1.21 Where is the workstation/site located, e.g. at height, over the side of the platform,

within a confined, enclosed or congested space?
Worksite can be at height and/or in a confined or congested space.

At1.22 Are other activities outwith those associated with the role carried out at the same
workstation/site?

<

Yes, drilling and craning activities.

A1.23 What is the duty pattern associated with the role (i.e. what is the minimum,
average and maximum number of hours one person might be expected to be on

- duty in @ 24 hour period and how many days would such a duty extend)?

Minimum number of hours is 12, maximum is 16 hours over a 14 day duty period.
On call period is 24 hours a day over a 14 day period in response to emergencies.

S
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A1.24

Is the role performed by more than one person to give continuous attendance with
respect to time? If so, define the resultant shift schedule associated with the role?
The following terminology has been used in the questions given under A1.24:

shift the time of day on a given day that a role holder is
scheduled to be at the workstation/site,

off time hours not normally required to be at the workstation/site,

schedule

sequence of consecutive shifts and off time,

permanent hours schedule that does not require the role holder to work

more than one shift (the time of day worked is constant),

rotating hours schedule that requires the role holder to work more than

one shift (the time of day worked changes),

basic sequence minimum number of days of shift and off days until a

sequence beginsito repeat.
The work role is performed by three persons plus a supervisor..
What is the basic sequence of the shift schedule?
14 days of shift days and 14 off days.
What is the normal total number of hours within each shift?

12 hours.

What is the maximum total number of hours within each shift?

16 hours.

What are the times of each shift in the shift schedule?

0700 hrs to 1900 hours.
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What is the normal number of consecutive shifts in a schedule?
14,
What is the maximum number of consecutive shifts in a schedule?

14 (unless adverse weather prevents crew change).

What is the minimum, average and maximum total number of hours on shift in any
preceding week ?

0 hours, 84 hours and 112 hours (maximum).
Is the shift pattern irregular?

The shift pattern is regular.

Is there a changeover within the shift schedule, e.g. days to nights or vice versa.
and how is it performed?

There is no changeover within the shift schedule.
What are the shift handover times and duration, and how is this performed?
A verbal shift handover occurs at crew change (at end of 14 days).

What is the maximum number of hours possible between consolidated sleep?

11 hours.

What is the minimum number of hours consolidated sleep? What determines the
timing of such sleep?

7 hours providing no interruptions. The timing of the sleep is detérmined by shift
hours.

What contingency exists to manage situations where there is no relief of a role
holder either at the end of a shift or at the end of a shift schedule.

No contingency.
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How many accommodation musters would be expected between the hours 0600
to 1800 hrs and 1800 to 0600 hrs during a production period on the platform?

Maximum of 1 to 2 between 0600-1800 hrs and 2 to 3 between 1800-0600 hrs.

A1.26 How many accommodation musters would be expected between the hours 0600
to 1800 hrs and 1800 to 0600 hrs during a high activity period on the platform
(such as an annual shutdown for maintenance)?

As in A1.25 but can be higher during process start ups.

A1.27 Define the sleeping environment in terms of temperature, pressure, relative
humidity, noise level (continuous and intermittent), distractions, and air movement.
Sleeping environment can be draughty, noisy with a high number of distractions.
Actual measurements required for temperature and relative humidity,

A1.28 Define how an individual is selected for the role in terms of personality attributes.
Is account taken of whether the individual who performs the role is to work in
isolation or as part of a team?

Personality attributes not considered in selection process.

A1.29

How are the fitness requirements for the role determined?

Specific physical fitness for the role not assessed.

What are the fitness requirements for the role, e.g. muscle build, hearing ability,
absence of colour blindness?

Not defined but important factors to measure are considered by the role holder to
be muscle build, hearing ability, alertness, eyesight.

What screening exists to determine fitness to work (psychological and physical)?
Is the screening performed once as part of the recruitment process or periodically

whilst the role holder is in the position? Does such screening test for drugs and
alcohol abuse?

Company medical performed prior to selection, thereafter every two years up to

the age of 50 yrs and once every year after the age of 50 years. Screening for
drugs and alcohol (at medical and where abuse is suspected).
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Is there control of common non prescribed and prescribed drugs?
Use of prescribed drugs should be reported to the offshore medic.

How are transient illnesses such as colds and influenza handled?

Symptoms handled by offshore medic.

A1.30 When and what food (including caffeine and alcohol) is available to the role

holder?

Food is available at regular meal times, caffeine is available (in coffee and tea)
throughout. No alcohol is allowed at any time whilst offshore).

A1.31 Is the age of the role holder taken into account with respect to psychological and
physical abilities?

No.

A1.32 ‘What is the minimum and maximum time any individual is assigned to the role?

The role holder is permanently assigned to the role.

A1.33 What cover is available should the role holder not be available to perform the role

for a given time period?

~

, There is no cover other than from the other two individuals in the team.
How is a person to cover selected and trained?

Not applicable (no cover).

What assessment and reassessment is made to ensure the cover is competent in
knowledge, skills, fitness etc.?

Not applicable (no cover).
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Is account taken of the time of da

| y a role holder will or could be required to
perform a particular task?

No.

A1.35

What system of recognition exists to reward good performance?

None.,

A1.36

What contingencies exist to assist a role holder who has domestic problems?

Compassionate leave at discretion of OIM, access to a telephone.

A1.37

Are an individual's language and communication skills assessed with respect to
the requirements to perform the role?

No.

A1.38

Does a sub culture exist associated with the role? Are there any superstitions
associated with the role?

Yes. An individual may be superstitious.

A1.39

Define the type and extent of distractions and interruptions, e.g. irrelevant speech,

ad hoc phone calls, visitors to platform, that might be expected within the role from
other people?

Main distractions and interruptions come from tannoy announcements.

A1.40

Is the potential impairment from social psychological factors recognised and
addressed within the working environment? Such factors include isolation from
home and relatives; the relationships between the role holder and his or her peers;
supervisor and sub-ordinates; group membership; culture and society norms;

group norms of . behaviour, group pressure and conformity; coercion; and
conditioning. :

Such factors are given minimum attention.
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A1.41 How is the Company organised to support the role holder?

Onshore support exists for routine and emergency operations.

A1.42 Do external pressures (Company, supervisors, peer gfoup) to meet deadlines and

perform exist?

Yes.

A143 Does the role holder undergo annual appraisal and ranking against others?

No.

Al.44 Where the role involves working as part of a team, what is the age and experience

of other persons in the team?

Variable. Supervisor is generally the oldest most experienced member of the
teamn,

A1.45 What are the irritants associated with the role, e.g. excessive quantities of

irrelevant paper, electronic messaging, travel delays, excessive standards and

procedures, equipment failure, repetitive false alarms and incorrect data, lack of
private space?

Travel delays, weather, restricted working space, handling materials in a hurry,
dual role.
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The role requirements are defined as the requirements to perform the role.

B1.1 What is the role title?

Offshore Deck Crew and Heli-Deck Assistant.

B1.2 What is required from the role according to the job description?

Assist with the preparation for embarkation a
passengers, for the unloadin
receipt and despatch of fre
and sea.

nd disembarkation of aircraft
g and loading of passenger baggage, and for the
ight, supplies and equipment to/from the platform by air

Operate appropriate procedures for embarkation and disembarkation of aircraft
passengers, for the unloading and loading of passenger baggage, and for the

receipt and despatch of freight, supplies and equipment to/from the platform by air
and sea.

Complete the above activities.

Assist with the preparation for re

-fuelling helicopters, re-fuelling and shutdown of
re-fuelling operations.

Heli-Deck Firefighting Response and Emergency Response.

B1.3 What is required from the role according to those who perform the role?

As above,

B1.4 What is the total number of tasks within the role according to those who perform
the role? Provide a one line description for each task.

As given in Job Description.

‘Will any of the tasks result in conflicting responsibilities?

No.
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Which of the tasks are perceived to be stimulating by the individual who performs
the role?

No routine tasks are perceived to be stimulating..

B1.6

Which of the tasks are perceived as monotonous by the individual who performs
the role?

All routine tasks are perceived as monotonous.

B1.7

Identify each task which has been termed a safety critical task (from task analysis
if applicable).

Fire fighting, aircraft handling and lifting operations. Back up emergency response
team.

B1.8

Under what circumstances are the safety critical tasks performed, i.e. normal
conditions, abnormal conditions or emergency conditions?

Tasks can be performed under all conditions.

B1.9

Which of the safety critical tasks can be planned, and which will be unplanned?

Most tasks are planned.

B1.10

What factors decide the timing to perform a safety critical task and the task
deadlines?

Timing and deadlines are determined by aircraft and shipping movements.

B1.11

Are the safety critical tasks supervised and to what degree?

Tasks are supervised by the HLO and Supervisor to a high degree.

B1.12

What are the requnrements for situational awareness (risk perception) for each of
the safety critical tasks performed within the role?

High.

HFJIPA\RETFINAL\EXAMPLE.DOC

Page 12 of 24



SRR SRy .-:;xa;;.?'msm;:;m;aw;mmuﬁﬁexa.s;&w;ﬁz‘m\&-..;;4,_,,‘;.;_»- Ry o
;59‘"1.-5CHQRAC;I,'ERISTIQ,S‘SMD;REQI;I%!REM%}lTS;\%RSUS,‘H.‘% %
AND' REQUIREMENTS % o R R TR

R e R SR RS T A e

_'".;\_ rt;{.:‘ Winﬂmr'@w‘." 200
B, d o)

B1SROLEREQUIREN

B1.13 Do any of the safety critical tasks within

a role necessitate command or
supervision of others?

Command and supervision of aircraft

passengers, ships’ deckcrew crane operator
and drilling deck crew required.

B1.14 What is the maximum duration of the safety critical tasks within the role?

Up to 2 hours.

Do any of the safety critical tasks require periods of vigilance?

Yes, particularly those associated with aircraft and shipping.

B1.15 Do any of the safety critical tasks allow an individual t

0 take rest breaks during
their execution? How long are the rest breaks and of w

hat do they consist?

No.

B1.16 Do any of the safety critical tasks require a toolbox talk?

Toolbox talks not given.

B1.17 What safety critical tasks require the com

pletion. of documentation prior to their
commencement (e.g. Permit to Work)?

Most tasks associated with aircraft and shipping movements involve completion of

documentation.
B1.18 Does the role require knowledge of terminology, slang, etc.?
Yes.
B1.19 Does the role require fluency in the working language in order to command

persons in an emergency situation?

Yes.
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B1.20 Taking each safety critical task in turn, what information is required and what is

(a)&(b) | available to perform the tasks within the role?

No identified deficiencies providing documentation complete.

B1.20 (c) | How is this information presented to_the individual, e.g. verbally (directly or via
telephone or radio), audibly via an alarm system, visually via gauges computer
monitor or status lights, written etc.?

Most information is presented verbally via radio.

B1.20 (d) | Are gauges etc. selected for ease of readability by those who will be using them?
No.

B1.20 (e) | Are any of the controls unusual in terms of operation?

No. However tools used can be unfamiliar with limited/no instruction.

B1.20 (f) | Is any of the information colour coded? If so, what do the colours (e.g. yellow
(amber), red, green, blue, white, other) represent?

Yes, lifting equipment is colour coded following testing.

B1.20 (g) | Is all information presented visually within the individual's field of vision from the
normal work position?
No.

B1.20 (h) | What is the quality of the information, is it reliable? Do any of the information
sources have error which has to be corrected by the individual?
Verbal information can be in error.

B1.20 (i) | Is all necessary infofmation readily accessible?

No, for example information on manifests may be incomplete.
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B1.20 (j) | Is there any information which is inferred from available information?

No.

B1.20 (k) | What controls the timing of when information is presented?

Is this information
then available continuously or only for a short period of time?

External factors control the timing of when information is presented. Information
(verbal) is available only for a short period of time.

B1.21 What is the maximum amount of information an in

process at any one time: under normal situation
emergency situations?

dividual would be expected to
s?, abnormal situations?; and

Amount of information can be high under all conditions.

B1.22 Does the role involve periods of underload which can be broken by the sudden
requirement to respond to a high workload? ’
Yes.

B1.23 (a)

What safety critical tasks require use of mentally held knowledge and/or a skill or
number of skills and to what extent? How is such knowledge and/or these skills
acquired, e.g. acquired elsewhere, acquired ‘on the job’ or by specific training with

an assessment process to determine whether the skill(s) have been acquired and
maintained?

All tasks require the use of mentally held knowledge and skills. The knowledge
and skills are acquired on the Jjob with some offsite training. '

B1.23 (b) | Is information obtained from the investigation of incidents used in a training
programme as part of knowledge and skill acquisition?

No.
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B1.23 (c)

Where skills are tested and assessed, how is the test and assessment determined
to be a valid predictor of performance in the ‘on the job'?

Main required skills are tested and assessed at HDA Course. No validation of
course known.

B1.23 (d)

Where skills are assessed, how are the assessors selected and assessed?

Main skills assessed are movement around heli-deck, handling passengers and

loads, re-fuelling of aircraft, heli-deck firefighting. Not known how assessors are
selected and assessed.

B1.23 (e)

Is the knowledge acquired during training tested in practical applications?

Only for emergency response.

B1.23 (f)

Is there any monitoring of performance ‘on the job’ after training?

Yes.

B1.24

Are individuals trained in diagnostic, problem solving and decision making skills
which will help them to cope with unfamiliar situations?

No.

B1.25

Are infrequently used but important knowledge and skills given frequent refresher
training?

No, not for deck crew. Emergency response and HDA refresher training is given
once every two years.

B1.26

Do any of the safety critical tasks involve the interpretation and ment?l
manipulation of information or for information to be held for any length of time in
the individual's memory between receipt and usage?

Yes.

3
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B1.27 Does the role require periods of passive monitoring and/or observation in isolation
which are greater than half an hour?
No.
B1.28 Do the safety critical tasks require sustained attention (concentration) for long
periods of time (greater than one hour)?
Yes.
B1.29 For all safety critical tasks, to what extent is information transmitted verbally
between individuals (including during a handover of information)?
Most information is transmitted verbally.
B1.30

Are there clear procedures for the handover o
between different shifts and/or individuals wit
operations and maintenance?

f information and responsibility
h different responsibilities, e.g.

No.
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B1.31 For each safety critical task, what procedures and checklists exist to perform each
of the tasks in the role? Who wrote these documents and how is it ensured that
users understand the text? Where misunderstanding or ambiguity is identified,
how is this corrected?
A number of procedures exist (External and Company, e.g. Personnel
Procedures, Procedures to Secure Safety of Installation, Emergency Procedures
Manual, Lifting and Slinging Procedures, Firefighting Regulations and Procedures,
Heli-Deck Checks, Helicopter Communications, Helicopter Landing and
Unloading, Helicopter Loading, Dangerous Goods Handled by Sea and Arr,
Helicopter Re-fuelling, Deck Cleaning Procedures, Heli-Deck Equipment
Preparation).
Procedures generally written by others with no checking for understanding by the
user.

B1.32 Is the range of applicability of the procedures and checklists documented and
identified to the users?
Not always, generally left to supervisor.

B1.33 Are the conditions under which the procedures must be used clear and
unambiguous to the users? How are such tested?
Not tested.

B1.34 Is there a simple and unambiguous indexing method for users to choose the
required procedures in all foreseen situations? How is such tested?
Procedures can have indexes but not tested for simplicity and ambiguity.

B1.35 Has the use of the provided procedures been tested ‘on the job™?
No.

HFJIP\RETFINAL\EXAMPLE.DOC Page 18 of 24



A R B A B e o o o R S 0B ST e
ROLE CHARAGTERISTICS] N“D’%‘é’QUIREﬁENTs VER§QA§Q@MAN CHARACTERISTICS}
AND }REQU’!REMENTS‘%E*"‘;’“ e e s 2 z

5 %%ww

g‘é%ﬁzE'REQUlREMENES ﬁ." 3

B1.36 Is there a system for revising procedures in the light of experience?
Incident Reporting System.

B1.37 Can emergency procedures be implemented whether or not the user knows what
is wrong, i.e. are they symptom based rather than event based?
Most procedures are event based.

B1.38 What problems solving might the individual be required to perform in the execution
of each of the safety critical tasks?
Most problem solving would be performed by supervisor.

B1.39 What decision making might the individual be reqmred to perform in the execution
of each of the safety critical tasks?
Decision making is in terms of own safety and safety of others.

B1.40 What is the minimum time for making a decision within the safety critical tasks?
Seconds.
How accurate do such decisions need to be?
Decisions need to be accurate.

B1.41 Do the safety critical tasks require decisions to be made alone or part of a team?
Variable.

B1.42

In teams, is the allocation of responsibility and authority clear, complete, non
overlapping, known to and accepted by all individuals including the role holder(s)?

Yes.
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B1.43 Are any changes in these responsibilities during a non routine event or emergency
clear and practised?
Not always.

B1.44 Does the role include repetitive safety critical tasks? If s0, what is the work and its
frequency, e.g. number of times per 12 hours, number of days per week, etc.?
Yes, three to four times per day (handling aircraft passengers and baggage efc.)

B1.45

Do any of the tasks required to be performed under the role necessitate physical
(manual) work? What is the extent and nature of it this work?

Yes, deck cleaning, lifting operétions and emergency response.

B1.46 (a) | For any manual work that is performed:

What type of work is involved, i.e. static or dynamic physical effort, and over what
time period (endurance)?

Most manual work is dynamic for periods up to 30 minutes where a task can be
repeated every 30 seconds up to 36 times..

Is any of the movement repetitive, e.g. number of times per day, number of days
per week?

Yes, unloading and loading aircraft baggage, approximately 36 times per aircraft.
What is the duration of any applied physical effort?

Up to 30 minutes.

Does any movement involve excessive joint angles?

Yes.
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B1.46 (a) | Does the movement require rapid bursts of activity or activity at a steady rate over
Contd. a longer period of time?

Tasks can involve both types of activity.

B1.46 (b) | For manual handling (lifting) tasks in particular:
What is the frequency of the lifting task(s)?

Variable.

What is the distance over which the load is carried?

Up to 30 feet,

What is the time for which the load is supported by an individual?
Approximately 30 seconds.

What is the weight of the load?

25 1b to 56 b,

Is the lifting operation performed by one individual?

Yes.

What is the height at the start of the lift?

0 to 3 feet.
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B1.46 (b)
Cont.

What is the height at the end of the lift?

0 to 3 feet.

Is any training performed on ho

w to lift? What does the training consist of and
what liting technique is taught?

No.

Is the workspace to perform the lift restricted (restricting posture)?

Yes.
B1.46 (b) Does the load have handles and, if so, where are they located?
cont. '
Not all loads have handles.
What is the size and shape of the object to be lifted?
Variable.
Under what conditions is the manual handling performed, e.g. transport up and
down stairs, on floors which might be slippery, exposed locations where gusting
winds might be experienced?
Manual handling is performed under all conditions Stated above.
B1.47

What tools are available to pe

rform the tasks within the role (including handheld
tools, computers, cranes etc.)?

Mechanical lifting e

quipment is available for lifting heavy Joads. High pressure
cleaning equipment.

Are any of the tools used similar

but not identical in operation, e.g. computer
consoles, control panels?

No.
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B1.47 Do any of the tools generate vibration of the user’ limbs etc.?
Contd.
No.
Are the tools periodically checked and maintained?
Yes.
What training is given in the use of the tools?
Minimum training given.
Are any of the tools unusual in terms of operation or usage, e.g. handles turn
clockwise for OFF and decrease or turn anti-clockwise for ON or increase?_
No.

B1.48 Do any of the tasks require the use of personal protective equipment? What
personal protective equipment is required? Can this equipment restrict
movement, field of vision or the individual’s heat maintenance?

Most tasks require the use of personal protective equipment (safety boots,
coveralls, visors, ear defenders. safety glasses, gloves, slick suits, waterproof
clothing, fireman suits).

Equipment can restrict movement, restrict field of vision (glasses) and handling
ability (gloves).

B1.49

What support organisation is required to perform the tasks within the role?

Onshore support for management of passengers and freight.
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movement, physical hazards, distractions and interrupt

Whilst the majority of other responses highlight at |
information and guidance given in Sections A2 and B2 which
other main areas of investigation are considered to be the handji

of shift work, the selection process of individuals

requirements, communication, the testing of procedures for und
by the role holder, the manual handling of loads in the physical

the role holder, and the selection of
and field of vision etc, restrictions.

personal protective equipment t

ions on performance.

east some inconsistency with the
require further investigation,
ng of chemical freight, effect
for the work role, training and assessment
erstanding and ease of use
environment experienced by
0 minimise movement
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APPENDIX E
PRELIMINARY HUMAN ERROR ASSESSMENT TOOL



Purpose

Identify critical

The Human Error Potential Assessment, or HEPA, is a tool designed to
allow teams of trained users to examine the activities of a particular system
in order to identify those potential human errors that could lead to significant

Will not eliminate

fgﬁ:i’i:?d failure of the system. The purpose of the HEPA is to identify eritical

measures. errors, to recommend measures to reduce the likelihood of their occurrence,
and to foster plans for dealing with the consequences of the errors should

Improve they occur.

contingency

plans. Since the tool requires a thorough examination of system activities by a
trained assessment team, the process itself may lead to many other
suggestions for improvement.

Scope Although the HEPA tool can be applied to any system, it was developed to
evaluate the potential for human error during offshore and remote onshore
oil and gas drilling and production activities.

Limitations The HEPA tool cannot identify every possible error nor can it solve all

problems related to humans in systems operations. It is a subjective and
qualitative process. Its strength lies in the diligence and insight of those

all errors. involved in its application. It should never be rigidly applied and should be
' Subjective. modified as necessary. If the process is undertaken conscientiously and
: remedial measures are applied, it can reduce the risk associated with the
activities examined.
General In general, the approach involves defining an activity in its most elementary
Approach steps so that potential errors associated with each step can be identified. The

Define, Identify,
Remediate, Plan.

errors identified must be rated in terms of the likelihood of their occurrence
and the severity of the consequences.

Errors that have high rating, or critical errors, must be further analyzed for
their potential causative factors so that remedial measures can be
recommended. Contingency plans must also be examined to assess how the
occurrence of critical errors will be managed.

The application of the HEPA tool involves following the steps necessary to
answer the following questions:

Gross Task
Analysis

1. What is the activity of interest?
2.  What are the major tasks performed in the activity?

3. What are the Steps performed in each major task?

v €
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Error & Accident
Analysis, Critical
Incident
Interviews.

What are the potential errors for each step?
How likely is each error?
What is the consequence of each error?

Which are the most critical errors?

® NS s

What is the cause(s) of these errors?

Remediation &
Contingency
Analysis.

9. How can these errors be reduced or remediated?

10. Are the plans for dealing with critical error occurrence adequate?

An overview of the General Approach of the HEPA is presented in the
diagram given below:

Offshore Activity

«
Task 1 Task 2 Task 3 Task 4

YV V¥V VVV V¥

Sted| Step| Step|| Steq| Step|| Step Sted| Sted| Stepl | Step}| Sted| Ste
11|12 |{1.3 || 2 2 |23 31132 |33 |]4.1|]42]|43

YY vYY VYV VVY

Errror Assessment, Causation and Probability

( Critical Error )

| REMEDIATION and PLANNING |
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Phase 1

Gross Task Analysis

Gross Task
Analysis (GTA)

The first step in reducing critical human errors is to analyze the operations in which
they can occur. This involves performing a Gross Task Analysis. It is considered
gross in the sense that is not to be performed for the purpose or at the level of detail
that such analyses generally are performed.

Objectives

This analysis is a process of defining the boundaries of the activity of interest, then
reducing the activity to its most elemental steps. The objectives of this analysis are
to define the activity of interest, define the tasks required to perform the activity and
to identify the steps necessary to perform each task. It must be stated that this is an
arbitrary and subjective process. Boundaries can be drawn in many ways and steps
can be defined at various levels. However, the ultimate goal is identifying potential
errors associated with each step, so it is important that the boundaries be narrow and
that the steps be as elementary as possible.

Requirements

e An evaluation team of three or more people, at least one of whom is
knowledgeable about the activity being analyzed.

e Job or task descriptive information.

s Copies of Forms 1 and 2.

Procedures

The following procedure outlines the analytic process. Guidelines and examples are
presented for clarity.

GTA 1: Define Activity

An activity is a distinct subset of the overall operation. It is goal directed
and has action oriented tasks and steps within each task.

Examples of activities: Surface vessel supply
Crane operations
Well-kick control

Record and describe the activity of interest on Form 1.
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Procedures
(Cont.)

GTA 2: Define Tasks

A task is defined as a function performed by either a human or a machine
in the accomplishment of an activity.

Examples of tasks
in crane operation:

Record and describe tasks on Form 1.

Transfer each task to a single Form 2.

GTA 3: Define Steps

Position crane to predetermined
location

Attach load

Lift load

Move load

Position load to predetermined location
Release load

Secure crane

Steps are the actions involved in completing a task. A step is a subgoal
required to achieve task completion.

Examples of steps in positioning crane to predetermined location:

a. Select location to move crane

b. Visually acquire location

c. Operate crane controls to move/position/lower crane

d. Stop crane

Record and describe the steps associated with a given task on its

corresponding Form 2.
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Phase 2 Error Analysis

Error Analysis The ultimate objective of the Error Analysis is to identify those critical human errors
(EA) that might occur during the activity of interest. This process involves analyzing the
steps, reviewing accident data and interviewing knowledgeable personnel.

Objective
Requirements e The evaluation team.
¢ Five personnel experienced in the activity that will be interviewed in the critical
incident process (see CI).
e Any available accident data for this activity or its onshore equivalent.
e All Form 2s from the GTA.
Procedures EA 1:  Identify Potential Human Errors

The critical human errors are derived by first examining the steps
associated with each task and then identifying potential human errors for
each step. Equipment or material failures are not part of the scope.
Descriptive terms used for these potential errors are generally negative in
content (i.e., state that the step is performed incorrectly or omitted).

An example of a human error in positioning the crane:
Choosing incorrect location to which to move the crane
Incorrectly operate crane controls
Record and describe the potential errors on Form 2.
EA 2:  Rate Likelihood of Errors

The second step in the EA is to assess the likelihood of occurrence for
each potential error. This is done using the five point rating scale given

below:
Likelihood of Error
1 2 3 4 5
Low Medium High

For example, incorrectly operating crane controls may receive a “2" rating
for likelihood of occurrence.

Record the average ratings of team members in column 3 on Form 2.

Final 6 December 1997




Procedures EA 3:  Rate Consequences of Errors

(Cont.)
Each error must be rated in terms of its consequences. Again this is a subjective

estimate by each team member, with the average being recorded on the form. The
rating scale is presented below:

Consequence of Error

1 2 3 4 5
Delays Equipment Injuries and Death, Loss of
Damage Major Equip. Severe Inj., System and

Damage Equip. Loss Lives
Example: Incorrectly operating crane controls.

Due to the severity of the error consequences this error could rate a
high severity value of “4.”

Record average ratings of team members in column 4 on Form 2.
EA 4.  Estimate Risk

Risk is defined as the likelihood of unwanted consequences. In this case,
risk is estimated by the product of the subjective ratings.

Example: Incorrectly operating crane controls.

Since the likelihood of error was a “2" and the consequence of the
error was a “4,” multiplying the two ratings together gives an “8" for
that human error.

Multiply the ratings in columns 3 & 4 and enter in column 5 on
Form 2. Remember the values in columns 3 and 4 are the average of the
raters’ scores.
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Phase 3 Accident Analysis
Accident Accident data are analyzed to supplement and reinforce the EA. All accident data
Analysis (AA) available from both on and offshore systems related to the particular activity are
Objective reviewed. Errors related to task steps are identified and enumerated.
Requirements e The evaluation team.
» Written accident reports available for the activity.
¢ Completed Form 2s from previous analyses.
Procedures AA1:  No Accident Records
If no accident data exist for a given step, the analysis is complete for that
step. Continue the review until accident data is found for a given step.
AA 2:  Accident Data Present
If accident data exists for a given step, examine it carefully to determine if
there is an error present that has been previously listed for that step. If the
error has been previously enumerated, revise the values in columns 3 and
4, as necessary, then proceed to the adjustment of the risk estimate (AA 4).
If the error has not been enumerated, add it to the list under the step (or on
a supplemental page).
AA3: Rating Likelihood and Consequences

Since the accidents have occurred, they have a high likelihood and some
level of consequence. Therefore entries in columns 3 and 4 should reflect
the appropriate values. Estimate these values and enter them on the
appropriate line in columns 3 and 4 on Form 2. Place the product of these
two values in column 5.
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Procedures
(Cont.)

AA 4

Adjustment of Risk Estimate

The risk estimate in column 5 will be modified by known accident
experience. The modifier will be one of three values:

1 for no accident experience
2 for few accidents
3 for frequent accidents

Place one of these values in column 6 on Form 2.

Example: During past accident record review, the team noted a few
accidents involving the crane activity. Improper or incorrect operation of
the crane controls was determined to be the cause of the accident.
Therefore, a “2" is assigned in column 6 to correspond to the few accidents
attributed to that occurrence.

Final

9 December 1997




Phase 4

Critical Incident Interviews

Critical Incident
Interviews (CI)

The critical incident (CI) technique is a method of accident research in which people
who have experience with the activity of interest are interviewed and asked to
provide detailed descriptions of unsafe acts, near-misses or actual accidents they
have observed. The basic assumption of the technique is that, given enough
information regarding a large number of these incidents, one can determine the
errors associated with an activity that lead or might lead to an accident or near-
accident,

Objectives

There are three objectives for the CI interviews; first, to refine or supplement the
error and accident analyses; second, to gather information about the level of
knowledge of the interviewees concerning the responses they should or would make
in the event that the errors noted would have resulted in accidents; and, third, to
observe the performance or simulated performance of the operation of interest.

Requirements

e The evaluation team.

e At least five personnel that currently perform or supervise the activity of
interest.

e Completed Form 2s from the previous analyses.

e Observation of the operation, if possible.

Procedures

Data can be obtained through several methods, including personal interviews, group
interviews, questionnaires, checklists, and observation. The personal interview is
the preferred method of obtaining data, although it is time consuming.

CI 1: Conduct Interviews

Interview each person individually. Make the interviews as informal as
possible. Let those being interviewed know that no names will be
included in the report and that all responses are strictly confidential. One
of the evaluation team members can lead by asking the questions outlined
in Form 3, the others will record responses and ask follow-up questions.

Examples:

The following types of questions can be asked to obtain data: "Think of a
situation in which an accident occurred or almost occurred while
performing a given task. What were the general circumstances leading up
to this accident? Exactly what did the operator do which contributed to the
incident? When did this incident occur? What was the operator's job?
How long has the operator been performing this job? What would you do
if this type
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Procedures
(Cont.)

Cl2:

CI 3:

Cl 4:

CI 5:

of accident occurred?" The questions and responses must be of sufficient
detail to provide information which will allow the investigators to make
inferences and predictions about the associated behaviors.

Record the responses on Form 3.
Revise Error Data

For each incident described in the interviews, determine if there is an error
present that has been listed for a step on Form 2. If the error has been

previously enumerated, revise the values in columns 3 and 4, as necessary,
then proceed to the adjustment of the risk estimate (AA4). If the error has
not been enumerated, add it to the list under the step (or on a supplemental

page).
Rating Likelihood and Consequences

Since the near-misses, incidents or accidents have occurred, they have a
high likelihood and some level of consequence. Therefore entries in
columns 3 and 4 should reflect the appropriate values. Estimate these
values and enter them on the appropriate line in columns 3 and 4 on Form
2. Place the product of these two values in column 5.

Adjustment of Risk Estimate

The risk estimate in column 5 will be modified by known incident
experience. The modifier will be one of three values:

1 for no incident experience
2 for few incidents
3 for frequent incidents

Place the appropriate value in column 7 on Form 2.
Observe Operations (if possible)

Look for potential error sources. Listen to proposed remedies for the
errors. Example: With a knowledgeable working person, observe the
operation of the crane controls and watch for inadvertent activation of
another control. Perhaps the worker will suggest a guard over the
troublesome control.
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Phase 5

Determine Critical Errors

Determine
Critical Errors
(CE)

While all potential human errors are of interest and need to be addressed in some
fashion, those that can cause significant loss should be addressed first. These
potential errors are defined as critical. An error may be deemed critical if the
estimate of the risk associated with them is above a specified level. The level
specified may be arbitrarily determined, or the list of potential errors may simply be
ranked in order with a cut-off imposed at natural break points in the list. However it
is done, the selection of critical errors is necessary so that a manageable number of
errors remain for further analysis.

Requirements ¢ The evaluation team.
e All the previous completed Forms
e Form 4.
Procedures CE 1:  Determine Modified Risk Value

Multiply the estimate of risk in column 5 by the larger of the accident
modifier in columns 6 or incident modifier in column 7.

Example: The accident modifier value is a "1", while the incident
modifier is determined to be a "2". Therefore, the value of "8" obtained by
multiplying columns 3 and 4 values, is now 8*2 or "16", for the new
modified risk value.

Record the Modified Risk Value in Column 8.
CE2:  Determine Critical Errors
Select all potential errors that have a value above 12.

Example: Given the value of "16" above, it must be determined to be a
critical error. '

Record the task, step, error and risk information on Form 4.
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12 December 1997




Phase 6

Error Causation

Error Causation
(EC)

This stage of the HEPA is directed at finding the causes of the potential human
errors that were rated as critical. This is an analytic process that categorizes and
classifies the selected errors by the factors that may induce or exacerbate them.
Once these factors are known, remedial measures can be developed to reduce the
likelihood of their concurrence.

It must be understood that humans make many errors, many of which are not system
related. Fortunately, most errors are harmless, self correcting or are tolerated well
by the machine being operated. The non-system related, or idiosyncratic errors, are
very difficult to remediate and are not the focus of this assessment. System related,
or systemic errors, on the other hand, can be controlled.

The approach taken to determine error causation is an information processing
approach. This approach assumes that errors result from some failure in the
information processing chain. This chain is depicted in the diagram below.

Information Input Information - Output Output
Source Channel Processor Channel (Action)

—

v
v
v

Information
Sources

Information sources include anything or any person in the operator's environment
that has the potential to provide indications of the system's status. This includes
parts of the machinery such as gauges, lights, and auditory signals; by-products of
the machinery's operation such as changes in temperature, noises, and odors; and
people such as signalers, other operators, etc.

Input Channels

Any environmental source of information must ultimately impact one or more of the
operator's sensory modalities in order to be perceived. The most commonly used in
control tasks are visual and auditory sensations, although other modalities such as
touch and smell are often of critical importance in determining what actions are
appropriate in a given situation.

Information
Processor

The human central nervous system acts an information processor. It takes all the
sensory data from the input channels to the central nervous system, generates
thoughts, and selects or programs actions. Some information processing is simple or
"reflexive” in nature, as when we touch a hot stove and immediately jerk our hand
away. Even in such simple cases, the central nervous system has processed a
sensory input (from a pain receptor in the skin) and sent the command for action (to
motor neurons in the arm and hand). More complex actions, such as those requiring
conscious decision-making on the part of the operator, involve the brain and mental
functions such as memory (of learned rules or previous experience), comparisons
(between current and expected conditions), attention (determining which inputs are
important and which to ignore), and response generation (planning and sequencing
actions).

Final
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£ Output Channel

Once an action plan is generated mentally, the appropriate signals must be sent in
order to carry it out. The human body has several output channels making actions
possible. All share the common features of motor neurons under central nervous
system control transmitting signals to the skeletal muscles that make movement and
speech possible.

Action

Actions are the controlled movements of the body's limbs or vocal apparatus to
affect a change in the environment or the body's position relative to the environment.
They can be purposeful or reflexive in nature, but all share the common features of
central nervous system control and coordinated, sequenced movement of the body.

Failures in the
Information
Processing Chain

The failures that occur can be attributed to humans, acting as information sources,
processors or receivers (signal person, machine operators, etc.) or actors; machines
that serve as information sources, action elements or transmission channels
(controls, displays, radios, etc.), or to the environment in which the communication
takes place (noise, dark, adverse weather, etc.)

Failures in the information processing chain can be caused by:

Failure of the source where the needed information is:

] not present

n not present at the right time
u not detectable

| incorrect

Failures in the input channel that cause the information to be:

L disrupted
n distorted
= delayed

Failures in processing such that the information is:
n misinterpreted

n ignored
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Failures in the
Information
Processing Chain
(Cont.)

Failure in the output channel such that the action is:
u delayed
n improperly controlled
Failure in the output such that the action is:
n incorrectly performed
Each critical potential human error must be classified according to one or more of

the sources of information processing failures. Once these are known, remedial
measures can be identified.
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Phase 7

Error Cause Assessment

Error Cause
Assessment

In most interactions between humans and the systems they operate, the potential
causes of errors are related in complex and often not immediately apparent ways. It
is important to realize that there will be alternative explanations and multiple
possible causes for any potential error. Without addressing all the likely causes of
error, remedial measures taken will not be enough to eliminate the risk, and, in some
cases, may even raise the risk of an error. In classifying human errors, therefore, it
is crucial to consider all possible reasons for the error by judging the likelihood of
any causal explanation. Form 5 is to be used in conducting an error cause
assessment.

Objective

The objective of Error Causation is to identify and classify the important potential
causes of each critical error so that remedial steps can be developed to address each
error. Remember that the Causal assessment is to be carried out only for those
errors rated as "critical" in the Error Analysis. These are the errors that, through a
combination of their likelihood and their consequences, are the most important to
address. Consulting the list of critical errors, the following procedure will be used to
identify the potential causes for those errors.

Requirements

The evaluation team
All the previously completed forms

Form 5

Procedures

The following procedure outlines the analytic process. Guidelines and examples are
presented for clarity.

EC 1: Select Critical Errors for Analysis

A critical error is one identified as high risk as a result of the preceding
analyses (GTA, EA, AA, and CI). These are the errors that, by virtue of
their likelihood and/or consequences, pose the greatest threat to safe and
continued operation.

Examples of critical errors:
Failure to operate crane controls correctly
Failure to see warning light for pressure level

Record the critical error of interest on Form 5. Use one copy of form 5 for
each critical error identified in Forms 1-4.

Final
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Procedures
(Cont.)

Final

EC 2:

Describe Possible Causes of Error

The possible causes of error are based on the information processing
approach. Errors can result from one or more failure(s) at one or more
link(s) in the information processing chain:

» Information Source

¢ Input Channel

+ Information Processor
¢ OQutput Channel

e Qutput (Action)

At each link in the information processing chain, use Form 5 to list the
possible error causes of that type.

Examples of Potential Error Causes:
Information Source:
- Warning Light Burned Out
- Background Noise, Siren Inaudible
Input Channel:
- Operator Deaf
- Operator Color Blind
Information Processor:
- Operator Misreads Gauge
- Operator Confuses Similar Correction Procedure
Output Channel:
- Operator Applies Excessive Pressure to Controls
Output (Action):
- Operator Activates Controls Out of Intended Sequence
- Operator Turns Control Handle in Opposite Direction of that

Record the list of potential Error Causes on Form 5 for each link in the
Information Processing Chain.
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Procedures EC3:  Assess the Likelihood
(Cont.)
Not all possible causes of error are equally likely to occur. Since the cost
of remedial measures can be quite high, it is important to identify those
causes of error which are most likely to occur. Using Form 3, rate the
likelihood of each cause of an error.
Likelihood of Error Cause
1 2 3 4 5
Low Medium High
Examples of Error Likelihood Ratings:
Information Source; Background Noise, Siren Inaudible
Average Likelihood Rating = 4.2
Record the average likelihood rating of team members on Form 5.
Remediation (R) | Remediation involves procedural changes, training, retraining and even changes to

the individual activity task steps in order to avert or reduce potential for errors.

In the case of the INFORMATION SOURCE being the error causation, training can
be implemented to ensure that the human knows what information is needed in order
to complete the task step and where to look for that information. Also, inappropriate
information must be recognized, i.e., the human operator must know which
information to pay attention to and which to ignore. If the information is received
from a machine, the causes for why that information was not available must be
researched and if the capability exists for an information display to be present, with
a minimum of investment, the possibility for that display presence should be
investigated.

INPUT CHANNEL errors are those in which the information is present, but the
quality of the signal is disrupted. This can apply to both human and machine. The
human error can stem from the information not being received correctly due to some
environmental disturbance, like too much noise or inclement weather. The machine
providing the information can also be at less than perfect transmission. Researching
the causes for why the information was disrupted, distorted or delayed can help
identify where to target the assistance for efforts aimed at both human and machine.
If an outside factor, not under one's control, like the weather or noise, is the culprit
in this phase of information processing, then contingency plans may have to be
implemented where assumptions and backup plans are instituted in the case of
incomplete or distorted information.
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Remediation
(Cont.)

Where the INFORMATION PROCESSOR is seen as the cause of the error, the
majority of the failures will come from the human psychological or physiological
shortcomings.

In the category of psychological, things to pay attention to are:

Memory loading - are we asking the human operator to remember too
much information?

Learning problems - is our training sufficient

Attention - is the information prominent enough and recognized as the
element the human must attend to?

Motivation - is our employee motivated to do his/her job? Is the workload
too high? Can we off-load some of the processing to the machine?

Situation awareness - is the worker aware of the environment in which
he/she is working? Is sufficient training provided to allow the worker to
know where/when to look for information that is critical to the correct
completion of a task?

If a physiological problem could be at the root of an error in information processing,
the sources would be in the human operator's level of

fatigue

stress

life requirements/obligations

fitness for duty in terms of drugs or alcohol abuse

For remediation where physiological factors are to blame, screening may be required
to evaluation life requirements and fitness for duty. Where fatigue and stress may
be the cause, the remediation would be an evaluation of workload requirements, job
responsibility and adequacy of rest breaks and shift schedules.

In the case of OUTPUT CHANNEL being the malefactor in the cause of a critical
error, the information processed by the operator may have again been disrupted,
distorted or delayed before leading to an action. Here, the remedial solution would
lie in assuring the correct output is selected through appropriate training in the cause
and effect. If the environment plays a contributing role to the distortion or delay, all
measures should be investigated which would minimize the impact of the outside
factors like noise, vibration and insufficient illumination.
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Remediation The final stage where information processing can go amiss is ini the OUTPUT

(Cont.) ACTION phase. In this case, the human operator chooses the incorrect action, given
the information present. An inaccurate, inappropriate or untimely action can be
remedied through training and procedures review.

Contingency Contingency or emergency planning is necessary. This would involve reviewing the

Planning (CP) critical errors possible in the operations, tasks and steps. Where those errors are

frequent or will result in severe injury or death or loss of equipment, emergency
procedures must be developed, trained and implemented.

It is important to review the contingency plans on a periodic basis to update their
requirements, as procedures may change or operations may be altered, redesigned or
superseded.
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Human Error Potential Assessment
HEPA

Perform Gross

Task Analysis.

Perform Error
Analysis.

I

Review, analyze
and incorporate
Accident Data.

Conduct Critical
Incident
Interviews.

'

Review, analyze and
incorporate Critical
Incident Data.

Assign Risk
Priority to
Potential Errors.

y

Determine Critical
Errors.

Identify and Rank
Causes of Critical
Errors,

Yy

Identify Possible
Remediations.
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Gross Task Analysis

Identify the Tasks
necessary to
perform the activity.

List and describe
each task on
Form 1.

I

Prepare Form 2 for
each task listed
on Form 1.

y

Define the steps
necessary to
perform each task.

ldentify human errors

that could occur during
each step and record on

Form2.

Rate the likelihood
for each error.

Rate the severity
of the error
consequences.

Calculate the risk

priority from likelihood

and severity.
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Assign risk
modifier for this

Accident Analysis

Collect
accident
reports.

Review reports to identify
errors that have occurred
during performance of
task steps.

Select step to

Any
accidents resulting
from errors when performing

this step?

Next Step.

Was this error
identified in the Gross
Task Analysis?

Yes

Add this error to
Form 2 for this
step.

Determine likelihood,
consequences, and
risk priority.

error.
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Critical Incident Interviews

ldentify persons with
working knowledge of
activity performance
or supervision.

Select individual to
1 l interview,

Conduct interview;
record responses
on Form 3.

All interviews
completed?

Did interviews
identify any potential
human errors?

Were these errors
Yes indentified in the Gross
Task or Accident
Analyses?

Add errors to
Form2 for the
appropriate step.

A

Determine likelihood,
consequences, and
risk priority.

Assign risk
modifiers for
errors,
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Identify Critical Errors, Their Causes, and Possible Remediations

Determine Modified Risk
Priority (MRP) for each
identified error.

Sort the errors by
decreasing MRP.

Select Critical Error
for further analysis.

'

List the possible
causes of the Critical
Error by Info Processing
category.

Select a Critical Error
—? cause.

v

Assess the likelihood
of occurrence.,

More causes?

Review likelihood ratings
for all causes and
suggest remediation for
this Critical Error.

More Critical
Errors?

Evaluate need for
contingency plans.
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Form 3 - Critical Incident Interview

Date:

-Activity:

Fas sk Number and Name: 1.0 - Position the crane to a predetermined location

: '*;:Critical Incident Questions and Responses

" 7Can you think of a situation in which an | Yes No
! accident occurred or almost occurred
while performing this task?

i

{
! What were the general circumstances
! leading up to this incident?

! How often has this occurred?

: Exactly what did the operator do which
contributed to the incident?

--| When did this incident occur?

“hat was the operator’s job?

‘I How long has the operator been
.| performing this task?

What needs to be done to prevent this
-+ | type of incident?

-+ | What would you do if this type of
accident occurred?

Other comments?
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Form 5 - Description of Steps in Tasks Date:

(USRI

Instructions: Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4. In
Step 2, identify all possible error causes, no matter how likely they may seem. In the
final step, rate the likelihood of each error cause. Use the results to identify possible
Remediation measures.

STEP ONE: EC1 — Describe the Critical Error

Critical Error:

t

i

STEP TWO: EC2 — List Potential Error Causes STEP 3: EC3 —

.

Rate the Likelihood of
Source of error: Each Potential Cause

Low Medium High

Low Medium High

Low Medium High

1 2 3 4 5
Low Medium High

Potential Remedial Measures

)
o2
h/
ﬂ 3:
T—
£
= 4
: 1.
; 2.
3.
4,
?”_\g




APPENDIX F

HUMAN ERROR ASSESSMENT OF OFFSHORE
CRANE OPERATIONS COMPLETED FORMS
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., arm 5 - Description of Steps in Tasks | Date: 34797

1 Instructions: - ‘Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4.:In". .
Step 2, identify all possible error causes, no matter how likely they may seem. In the
final step, rate the likelihood of each error cause. Use the results to identify possible
Remediation measures.

STEP ONE: EC1 — Describe the Critical Error

Critical Error: : ,
L FRILURE TO  GONDUAT  TRE-L(PTT  CRANG IN'S PETTIUNS

STEP TWO: EC2 — List Potential Error Causes STEP 3: EC3—
Rate the Likelihood of :
Source of error: _INn > GrmaingZ- Each Potential Cause S
1: _ ‘
BOvanNcrD  Nopm e Arede 1 BOAT : L; 2 3 @
. X w o Medium = =
ARLIN A, ™NOT__ Re & UL ‘
2: '
1 2 3 4 5
o Low Medium High
3:

1 2 3 4 5 .
~ "\i . Low Medium . High.. ~ ., . . ...




| yrm 5 - Description of Steps in Tasks _.Date:

Instructions' Use one copy of this form for each Critical Error,Identified in HEPA Forms 1-4. In ...
Step 2, identify all possible error causes, no matter how likely they may seem. In the .
final step, rate the likelihood of each error cause.-Use the results to |dent|fy possuble N
Remediation measures. . ,

-

STEP ONE: EC1 — Describe the Critical Error

Cfiti.cal Error: : .
Friweq TO  ONDULT PRE-LIPT (RAMN.E - N SPEZTIONS

* STEP TWO: EC2 — List Potential Error Causes I STEP 3: EC3 — .. ™V
“ Rate the leellhood of :
Source of error: [Ng PRocessor - Each Potential Cause ... . ...
- 1: ' . - :
) 1 2 4 .5
\MNoRI LoD = TyMme (ONSTEAINTS - o Gum . HGh e
’2:()95 e eeT™M 1S PoecaiyeD 1 235» 4

ISEINEIEE AN S €y e e Low Medium —  High

0 R o (L eNofed)

FREEEN

3 4 5 ~
Medium  High . . ...




. orm 5 - Description of Stebs in Tasks Date: -4 -97

€

Instructions: Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4. In
Step 2, identify all possible error causes, no matter how likely they may seem. In the
final step, rate the likelihood of each error cause. Use the results to identify possible
Remediation measures. .

STEP ONE: EC1— Describe the Critical Error

rritical Error: .
 Riccses o) BT DoN'T Mowr~ LLen@ APIER  ATIRCHING (oD

STEP TWO: EC2 — List Potential Error Causes STEP 3: EC3 —
: Rate the Likelihood of
Source of error: / NED P@xést}g Each Potential Cause
1: : : O
. 1 2 3 4 5
I\atiadlNdas [unTeainen RiG CERS Low Medium  High - ..
2: _
. 1 2 3 4 5
f Low Medium High
3:
, 1 2 3 4 5 :
f’: ks — Low Medium High . . .. ...
4:

1 2 3 4 5
© . Medium

L e e




_'orm 5 - Description of Steps in Tasks Date:

—

Instructions:  Use one copy of this form for each Critical Error Ideritified in HEPA Forms 1-4. In

Step 2, identify all possible error causes, no matter how likely they may seem. In the |
final step, rate the likelihood of each error cause. Use the results to identify possible .
Remediation measures.

ritical Error:
)Q/-hs{ T WRON G HODIK /Wtrgw A—Tmp’/wé, 70 7)414( “ue sma_g_)_

: STEP TWO: EC2 — List Potential Error Causes - "STEP3: EC3— . S
: _ Rate the Likelihood of
Source of error: TPuT CHanneEL Each Potential Cause
1: : '
L 1 2 4 5
Cor Fusion Bem)itg’r\\ LOAD LINE . Low. e @um High
AND  FAasST L)NE  LonTeoLS
2: '
1 2 3 4 5
I Low Medium High
"3
g . 1 2 3 4 5 :
r“; - ‘ . bow.  Medium High . .

1.2 3 . 4 s
;. Medium .. -,




-’?orm 5 - Description of Steps in Tasks Date:

Instructions: Use one copy of this form for each Critical Error Ideritified in HEPA Forms 1-4. In . ..
~ Step 2, identify all possible error causes, no matter how likely they may seem. In the -
final step, rate the likelihood of each error cause. Use the results to identify possuble : N T

Remediation measures.

STEP ONE: EC1 — Describe the Critical Error . ‘ :

Critical Error: : _ - .
__SLING WRAPRED  Avour  oBsthce & (Wian RASING Ho 0l )

STEP TWO: EC2 — List Potential Error Causes ' STEP 3: EC3 —-
' Rate the Likelihood of
Source of error: | NPUT dH’fh\Jf\l ¢~ Each Potential Cause
1: . | : @
, — : ] 1 2 3 5
: &Q_owogp 20 AT Decle : - Low Medium - High ... ... ..
(DiSTORTIN | DigRUPTION)
- 2: ’ .
ey oeeimtee luntemned Ricees 1, 2 B 48
3:
Yoo ILiusminanon (mienT opsb ) ,L;w 2 M%um ¢ H_igh

7 _Lismemon, Diseuenon) R R
' | 2 3 4 -5 = o
& Medium .




. '2rm 5 - Description of Steps in Tasks - Date: __ - e ST

. [instructions: Use one copy of this form for each Critical Error;ldenitified in HEPAForms:1-4. in. . | . . i.o,0i »
Step 2, identify all possible error causes, no matter how likely they may seem. In the L
final step, rate the likelihood of each error cause.- Use the results to identify possible . . G e s
Remediation measures. : : _ , .
__STEP ONE: EC1 —Describe the Critical Error

Critical Error: S :
Tensiony fAPPU S0 Berpey Boom 1S Lenteed WeR LOAD

BEFRRCURY PR

STEP TWO: EC2 — List Potential Error Causes =~ CSTEPSIEC3==" v
. ‘ Rate the Likelihood of
Source of error: QAP Qv wisz— - | : Each Potential Cause

1: :
1 2 4 5
lonpps on BewerN wiNel ONMC - L @ium_ . High

; ANG  RODM__ GonSYZor  (hEver@S ’
-2

1 2 3 4 s
y Low Medium High
Co3

1 2 3 4 5
f"‘\s _ . — Low = Medium  High .

3.5 4
Medium ..

“Potential Remedial Measures -

HONE R




e G

orm 5 - Description of Steps in Tasks Date:

Instructions: ‘Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4. In
Step 2, identify all possible error causes, no matter how likely they may seem. In the

final step, rate the likelihood of each error cause. Use the results to identify possible
Remediation measures.

STEP ONE: EC1 — Describe the Critical Error

~ritical Error:

CTENSION  APPLIED @MM 15 N0 Q\/m c_g,q-p
STEP TWO: EG2 — List Potential Error Causes . STEP 3: EC3—
Rate the Likelihood of
Source of error: @M‘Ducr A’CT‘NN Each Potential Cause
1: / . O
: 1 2 3 4 5
ORD 1S MoviNG (v B DINeNSoNs - 1 voium & Hion
(H1eu S EAS)
2
; CRAMS NS @ TR
3 . _ o 1 2 3 4 5 :
(\g : ' — o Low Medium  High
4 - .

1 2 3 4 5
.« High

Potential Remedial Measures: ' "=~ .




‘orm 5 - Description of Stebs in Tasks Date-

Instructions: Use one copy of this form for each Critical Error. ldentxﬁed in HEPA Forms 1-4.:In.".::. -
Step 2, identify all possible error causes, no matter how likely they may seem.: In the

final step, rate the likelihood of each error cause: Use the results to ldentlfy possible %
Remediation measures. .

STEP ONE: EC1— Describe the Critical Error:« &

Critical Error: , |
Winert WP IMPeorealy LlIeesD  LoADS _/7/

STEP TWO: EC2 — List Potential Error Causes STEP 3: EC3— -

Rate the Likelihood of

Source of error: [NFO SouRcE" Each Potential Cause

1: | | - '
' . 1 it 3 4 5
| mProPE. SLNG SQEL:WO:Q_ S £ Miam o
- 1 2 (3 5
- —_— ‘ 4
§ SLles oD TRoERGL MDD b e o
3 .
3:
e USiNC DAMAG ED  SULING . R O e
7 (hiver o IsPeTT sum,ﬁ T TR
4: -

FAICWR e o WAD. TEsT. NEW,
(BUNG. gw a{f Mu/\fé :NSf@w&E'

Mecﬁum

 Potoril Romeda Weares

Tgs'- AL NE W SLigEs BT 0N - s/aoar Pﬂf./z,/’zes:-.-‘e'cr,/a”
Tzd-gq A—QA{ bg—u\/araeo OrF(Sﬁoﬁ&" - '




; }rq\r 5 - Description of Steps in Tasks Date:

Instructions: Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4. In
" Step 2, identify all possible error causes, no matter how likely they may seem. In the
final step, rate the likelihood of each error cause. Use the results to identify possible
Remediation measures.

N

STEP ONE: EC1 — Describe the Critical Error

r~itical Error: o : ,
WaNew WP imQopredly Rleeeb LOADS /2

STEP TWO: EC2 — List Potential Error Causes STEP 3: EC3— -

Rate the Likelihood of
Source of error: | N2 §O%(EC£ Each Potential Cause
1: O
) 1 2) 3 4 5 }
INcpReeeT sune ANGLE | 2. N
2:

' — . . 1 2 ) 4 s
Hoor.  RNoT ABOT cOAD  CEeNTER Low MQum High .
OF  GRAVITM.,

3:
. 1 2 3 4 5 :
F\ . v . . : - Low Medium High . .
4: | ' | Lo
| ‘ o S 1 2 .3 4 5

Low © Medium = . High,

_ Potential Remedial Measures:




. orm 5 - Description of Steps in Tasks . .Date: . B SR

€

Instructions: Use one copy of this form for each Critical Error Ideritified in HEPA Forms 1-4." In .. +.
Step 2, identify all possible error causes, no matter how likely they may seem. ' In the
final step, rate the likelihood of each error cause. Use the results to identify possnble O FRR

Remediation measures.

STEP ONE: EC1— Describe the Critical Error.

Critical Error:
| Swine Bom Bevoes Ao LLERRS | _DESTALES, (frProe 5~A—7~ce~m\143

[Pt E LIRS !

STEP TWO: EC2— List Potential Error Causes . A STEP 3: EC3—' - &% S
| Rate the Likelihood of
Source of error: N, Proczsge: : Each Potential Cause
1 - .
v SNetHNG  HERUY  OAD  FROM @om’ . | 2 s 4 s
; w owW. Medium: High .......
USINE  SLon  LOAD L INE
i 2: ’ .
—— ~ 1 2 3 5
7 L’ ERINIE LOAD S R VESSEL Low Medium High
( N BOUNGH  SERS.
3 1 2 3 4 5 . -
r\) : - Low Medium AHigh_,_ e
4 1. 2 3 a4 5 -
}.qw ... Medium .. jHigp :

* Potential Remedial Measure:




. orm 5 - Description of Stebs in Tasks " Date:

Critical Error:

instructions: Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4, In
' Step 2, identify all possible error causes, no matter how likely they may seem. in the -
final step, rate the likelihood qf each error cause. Use the results to identify possible
Remediation measures.

STEP ONE: EC1 — Describe the Critical Error

Winel WP 100 Hien (W/ 0.0:5. ANT) -TWo Geock)

STEP TWO: EC2 — List Potential Error Causes - STEP 3: EC3 — ’
Rate the Likelihood of
Source of error: I N D %L&SS oR - Each Potential Cause
1: |
Yo - UARNNE INSPezTod NoT 1 2 3 @ 5
- = —— L Low Medium High
Pel o RMED .
2:
1 2 3 4 5
Low Medium High
3: \
1 2 3 4 5
f\«? Low . Medium High .
4: |

1 2 3 4 s

Medium




. 2rm 5 - Description of Stebs in Tasks Date: _.. . -~ .

Instructions: Use one copy of this form for each Critical Error Ideritified in HEPA Forms 1-4.- In
Step 2, identify all possible error causes, no matter how ilkely they may seem.- In the
final step, rate the likelihood of each error cause. Use the results to identify-possible ::|
Remediation measures. ' T T

rritical Error: . A g
__Boom P oo Gk (w/ 0.08. oo Ka L:od\'ﬂ»

1 STEP TWO: EC2 — List Potential Error Causes SR STEP 3: EC3 — U7+ '
! : ' - _ Rate the Likelihood of
‘ Source of error: _[N(D {Rocssae -~ Each Potential Cause "
aRT | | . .
 PRe-wFT CeANE  INSPECTTIN . o2 8 @ s
i - ——— i o rda . ) edium: - H|gh PN i
T2 ' '
1 2 3 4 5
'f \ Low Medium -High
© s '
. 3 4
Medium -

et




) »7rm 5 - Description of Steps in Tasks Date:

instructions:

Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4. In
Step 2, identify all possible error causes, no matter how likely they may seem. In the
“final step, rate the likelihood of each error cause. Use the results to identify possible -

Remediation measures.

~-itical Error:

STEP ONE: EC1— Describe the Critical Error

Winew  LoaD - 0N 700  FAST

" STEP TWO: EC2 — List Potential Er_rdr' Causes

Source of error: [NEn  H2otgSSoR

Dreiatne

AN DER. TIME o SDeATNTS ~

- STEP 3: EC3 —
Rate the Likelihood of
Each Potential Cause_

1 @ 3 4 5

Low Medium High

1 2 3 4 5
Low Medium High

3 4
Medium




‘orm 5 - Descrlptlon of Steps in Tasks "~ Date:

A

Instructions: Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4..In - . BN IECETIR.

' Step 2, identify all possible error causes, no matter- ‘how likely they may seem. ln the Cert
final step, rate the likelihood of each error cause. - Use the results to identify poss:ble . SV
Remediation measures. -

STEP ONE: EC1— Describe the Critical Error

"ritical Error: :
WiNCk  LoAD  DoniN T TOO FRST

STEP TWO: EC2 — List Potential Error Causes =~ - = " STEP 3: EC3—
’ Rate the Likelihood of
Source of error: Ouair A‘C«T'?O'A Each Potential Cause
1: .. .
(OP@%‘U& MOVE S WINCH Doqu\\ [ T
2: ' : .
. 1 2 3 4 5
3 - : Low Medium High
3: _
_ 1 2 3 4 5

) Low» - Medium High .

3 4
-Medium *




. orm 5 - Description of Stéps in Tasks Date:

Instructions: Use one copy of this form for each Critical Error Identified in HEPA Forms 1-4. In
’ Step 2, identify all possible error causes, no matter how likely they may seem. Inthe
final step, rate the likelihood of each error cause. Use the resuits to identify possuble
Remediation measures.

STEP ONE: EC1 — Describe the Critical Error

r;ritical Efror: B , . .
Ricese  FAjs o Setuwess  S1106  Ropas (WHEN DeThutmie 0f0)
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INTRODUCTION

The Human Error Assessment Tool (HEAT) is designed to allow teams of
trained users to examine activities from a Human Factors (HF) perspective.
The purpose of the HEAT is to identify possible system-induced human
etrors, prioritize these errors based on relative financial or safety impact, and
analyze critical errors using an HF model in order to identify appropriate

corrective measures for improving system performance.

SCOPE

Although the HEAT can be applied to any system, the goal of the JIP is to
design a tool that is appropriate to the culture and resource availability of the

offshore oil and gas industry.

LIMITATIONS

Final

The HEAT is a systematic approach to analyzing an activity for human error.
However, the user should not expect that application of human error
assessment will identify and correct all possible sources of human error in a
system. The value of human error assessment lies in the insight into the
causes of human error that the analysis provides. This insight results in a
unique perspective on how to modify an activity or system to reduce the

potential for damaging human error.

Unfortunately, human error assessment cannot be used as the single tool for
identifying system improvements. The HEAT compliments other hazard
identification tools such as hazard and operability studies (HAZOP), fault
tree analysis, event tree analysis, etc. The user will notice some similarities
between the HEAT and these other hazard identification methods. When

used appropriately and in conjunction with these other tools, human error
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LIMITATIONS

assessment can help identify unique, cost-effective measures for system

improvement.

GENERAL APPROACH

Gross Task
Analysis

Human Error

Identification

Final

The approach involves examining the individual steps that people perform
when conducting an activity in order to identify potential human errors.
Once identified, each error is then subjectively analyzed and rated for its
potential impact to system performance as well as its likelihood of
occurrence. Rating the errors provides a means to prioritize the application
of corrective measures for error reduction. High-priority, or critical, errors
are the focus of the human factors error analysis, since eliminating these

errors will result in the greatest overall system improvement.

Application of the HEAT involves three steps (Gross Task Analysis, Human
Error Identification, and Error Analysis and Corrective Measures) that

attempt to answer the following questions:

1. What is the activity of interest?

2. What are the major tasks pefformed in the activity?
3. What are the steps performed in each major task?
4. What are the potential errors for each step?

5. How likely is each error?

6. What is the consequence of each error?

7.  Which are the critical errors?
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Error Analysis 8. 'What are the human factors cause(s) these errors?

and Corrective

Measures 9. What are some appropriate corrective measures?

An overview of the of the HEAT is presented below:

Activity

Brainstorm Errors

Rate Likelihood and Consequences

Accident or Incident Review

Identify Critical Errors

Human Error Identification

Error Classification .

Final 3 December 1997



 GROSS TASK ANALYSIS

“Gross Task Analysis is used to develop an outline of the procedure that is followéd

when conducting the activity under study. If detailed written procedures are
available for the activity, the Gross Task Analysis is not necessary as the procedures

can be used directly in Human Error Identification.
Gross Task Analysis involves the following steps
¢ Define the study scope

¢ Break the activity down into tasks

e Break each task down into the steps needed to perform the task

Define Study
Scope

Defining the study scope involves setting the boundaries of the activity to be
studied. This can be done by identifying the initial and final state of the system. For

example, consider the following initial state:

e Cargo basket located on the deck (.)f a service vessel

e Platform crane shut down with boom resting in the boom cradle
And the following final state:

e Cargo basket located on platform deck

e Platform crane shut down with boom resting in the boom cradle

Based on the above conditions, the activity to be studied could be described as
“moving a cargo basket from the deck of a service vessel to the platform using the
platform crane.” Since the initial and final condition of the crane is that it is shut
down with the boom resting in the boom cradle, the activity scope will include crane

startup and shutdown.

Final
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GROSS TASK ANALYSIS

Tasks Tasks are the individual functions necessary to accomplish an activity. Tasks can be
performed by either a human or a machine, separately or in combination. They
represent the first level of the procedural outline and should be stated in broad terms.

Some examples of tasks in crane operation are:
¢ Position crane to a predetermined location
e Attach load
o Lift load
» Position load to a predetermined location
e Lower load

o Detach load

{-\ Steps Steps are the actions necessary to complete a task. The process of identifying steps
o is analogous to that of identifying tasks. Examples of steps involved in positioning a

crane to a predetermined location are:

Select location to move crane

Visually acquire location

Operate crane controls to move/positions/lower crane

Final 5 : December 1997



- Gross Task Analysis Procedure

Resource e An evaluation team of three or more people, at least one of whom is
Requirements knowledgeable about the activity being analyzed.

¢ Job or task descriptive information such as written procedures, written training

materials, training videos, etc.

e Meeting room

e Flip chart with colored writing pens

e White board with scanner (optional)
Preparation If written procedures for the activity are available, these procedures can be used in

Final

lieu of the Gross Task Analysis. It may be appropriate to break procedures down
into manageable tasks. This should be done by the team leader prior to holding the
first team session. Copies of the existing procedure, broken down into the tasks,

should be available for each team member.

Discuss the activity to be studied with evaluation team members or management

personnel. Define the initial and final state of the system.

Record the activity description including the scope of the study on Form 1, “Human

Error Assessment Summary.”

Using the check list on Form 1, determine which information and other resources are

necessary to conduct the study.

Obtain or generate the necessary information and resources prior to the initial

evaluation team meeting.

If the written procedures are to be used in lieu of the Gross Task Analysis, generate

a task list prior to the first team session.

6 December 1997



Gross Task Analysis Procedure

Identify Tasks Discuss the activity with the subject matter experts. Evaluation team members
should ask questions and thoroughly discuss the activity so that everyone on the

team has a good understanding of the activity.

If possible, the evaluation team members should observe the activity being
conducted. A simulation such as a training video can also be used to familiarize all

team members with the activity.

Using a flip chart or white board, list the major tasks associated with the activity in

the sequence order that they are normally performed.

Identify Steps Transfer the first task to a blank flip chart page.

List the steps required to complete the task in the sequence order that they are

normally performed.

Continue in the above manner until a list of steps has been developed for each of the

identified tasks.
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~ HUMAN ERROR IDENTIFICATION

The objective of Human Error Identification is to identify critical human errors that

can occur during the activity under study. A critical error is an error that has an

associated high risk index, which is a combination of both the likelihood of error

occurrence and severity of the error outcome.

Identifying critical errors is accomplished via several techniques:

Brainstorm possible errors associated with each procedural step

Rate the likelihood of error occurrence and the most likely consequence to

obtain a base risk index.

Verify and expand the error list by reviewing historical accident data or

interviewing additional personnel.

Modify the base risk index based on the findings of the accident review or

personnel interviews.

Compare the modified risk index to an arbitrary cutoff value. Critical errors are

those with modified risk indices greater than the cutoff value.

Brainstorm

Errors

Final

Human errors are identified by examining the requirements of proper step

performance and then generating a negative statement for the requirement. For

example, if the step requirement is “open valve A by 1/2 turn”

A person could make several errors such as:

Operator closes valve A by 1/2 turn

Operator fails to adjust valve A

Operator opens valve A by an excessive amount
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HUMAN ERROR IDENTIFICATION

Assign. Risk

Index

Once possible errors have been listed, the likelihood of making the error and the
impact of making the error are rated. This rating process provides insight as to how

tolerant a system is to error as well as how the system design (system being the

~ hardware and organization support systems) influences error likelihood. Critical

errors then become those errors that are:

¢ Reasonably likely to occur

¢ Not tolerated well by the system

Verify and
Expand Error List

Brainstorming errors is subjective in that the results of the brainstorming session
will be dependent on the knowledge and experience of the meeting participants. To
ensure that error identification is as thorough as possible, the knowledge base can be

expanded by:
» Reviewing information on past accidents related to the activity

¢ Interviewing additional personnel familiar with the routine performance of the

activity

Where accident data is available, reviewing this data is the most efficient way to
verify the initial error identification. When such data is not available, interviewing
3-5 personnel that did not participate in the brainstorming will usually provide

sufficient verification of the brainstorming results.

Final
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HUMAN ERROR IDENTIFICATION

Modify Base
Risk Index and
Identify Critical

Errors

Final

The base risk index determined during the brainstorming is based on the likelihood
and consequence ratings provided by the evaluation team. The accident data review
or personnel interviews provide additional insight as to the likelihood and

consequence of a given error.

To incorporate this new insight, the base risk index is modified by a factor that
depends on the estimated frequency of occurrence during past operation. While this
type of modification may not be appropriate for other types of hazard analysis, it is

used here in order to more heavily weight system-induced errors which:
1. Are likely to happen
2. Can be reduced by modifying the system

Idiosyncratic errors, which are not system-induced, may account for a large number
of the total errors that occur in a system. However, since these errors are more a
function of the individual performing the activity, there will probably not be large
clusters of the same error. System-induced errors, by definition, will occur with
greater detectable frequency because they are an indication of a mis-match between

human capabilities and the requirements of the system.

The risk index adjustment factor for each critical error is chosen based on the past

frequency of occurrence for the error as follows:
1. Little or no previous accident or incident experience
2. Some previous accident or incident experience

3. Frequent previous accident or incident experience
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(' \3 Human ‘Error Idgnt}iﬁcationﬁ Pro‘c‘e.dure

Resource

Requirements

s The evaluation team
e Any available accident data for this activity
e 3-5 personnel experienced in the activity (if interviews will be conducted)

e Several copies of Form 2, “Gross Task Analysis and Error Identification”

Prepare Forms

For each task identified in the Gross Task Analysis, prepare one copy of Form 2,
“Gross Task Analysis and Error Identification” by writing the task description in the

appropriate location on the form.

Brainstorm

Errors

Select a task.

Enter the description of the first step under the subject Task in Column 1.

Brainstorm human errors that can occur during the performance of the listed step.

Enter each error into Column 2, one error per line.

Determine Risk

Index

Final

For each identified error, assign a rating for the likelihood of error occurrence in
Column 3. The likelihood scale ranges from 1 to 5, with 1 being low likelihood and

5 being high likelihood.
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Human Error Identification Procedure

Enter a rating for the consequence of the error in Column 4. The consequence

ratings range from 1 to 5 and have the following meaning:
1. Operational delays

2. Equipment damage

3. Injuries and/or major equipment damage

4. Severe injury fatality

5. Catastrophic event with possible multiple fatalities

Calculate the base risk index by multiplying the likelihood rating (Column 3) by the

consequence rating (Column 4). Enter the result in Column 5.

When all errors identified for this step have been assigned a risk index, proceed to

m the next step for this task.

When all steps for this task have been reviewed, proceed to the next task.

Accident Data For each accident record, determine which of the previously identified errors was

Review involved in the accident.

If a human error that was not previously identified was involved in the accident, add

the error description into the proper location on Form 2.

Count the number of times each error was involved in an accident.

Assign a risk index adjustment factor to each error based on the following scale:
1. Little or no previous accident experience
2. Some previous accident experience

3. Frequent previous accident experience
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Human Error Identification Procedure

Enter the adjustment factor in Column 6.

Calculate the modified risk index for each error by multiplying the value in Column

5 by that in Column 6. Enter the result in Column 7.

Personnel

Interviews

Using the interview guideline questions provided in Table 1, interview personnel
regarding their past involvement with the activity. The goal of the interview is to
determine the types of errors that people frequently make when performing the
activity, regardless of whether the error resulted in an accident. These errors may

have resulted in “near miss” incidents that were not formally documented.

If a human error that was not previously identified was involved in the incident, add

the error description into the proper location on Form 2.

Count the number of times each error was involved in an incident or was brought up

by interviewees.

Assign a risk index adjustment factor to each error based on the following scale:
1. Little or no previous incident experience
2. Some previous incident experience

3. Frequent previous incident experience

Enter the adjustment factor in Column 6.

Calculate the modified risk index for each error by multiplying the value in Column

5 by that in Column 6. Enter the result in Column 7.

Identify Critical

Errors

Final

Review the modified risk index for each of the identified errors. If the modified risk
index is 12 or more, classify the error as critical and review it using the Error

Analysis and Corrective Measures Procedures.
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. ERROR ANALYSIS AND CORRECTIVE MEASURES

Information The ultimate goal of the HEAT is to identify possible corrective measures for
Processing system-induced human errors. In order to develop effective corrective measures,
Model specific causes of these errors must be understood.

In order for a person to successfully interface with a machine or processing system,

the following must occur:

The information required to prompt the operator to take an action must be

available at detectable levels.

The required information must be accurately received by the operator within the

required time frame for action.
The operator must interpret the information and choose the correct response.

The operator must properly manipulate the machine or process to implement the

correct response.

An information processing model can be used to classify human errors into the

following categories that correspond to the above bullets:

e

Final

Information source errors
Information reception errors
Decision/response errors

Action errors
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ERROR ANALYSIS AND CORRECTIVE MEASURES

Information Information sources provide data that the operator must receive in order to take

Source appropriate action.
Information sources can include both direct information from
o the machine
e an object
e asignal person,
or indirect information provided by
e visual displays

o auditory displays, etc.

Information Information reception includes both the transmission mode for the information as

£ Reception well as how the operator perceives the information.

Transmission mode may include such items as line-of-sight to the information,
background noise (when the information source is auditory), communication

systems such as telephone or two-way radio, etc.

Operator perception is via one or more of the five senses: sight, hearing, touch,

smell, and taste.

Decision/ Decision/response includes interpretation of the information based on memory,
Response skills, attention, and higher level reasoning skills. It also involves selecting the

correct response to the information based on all of the above.

Action Action is the controlled movement of muscles to manipulate controls and affect the

proper change to the system.
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Error To better understand the causes of error, the error is classified based on the

Classification information processing model. The Error Classification Matrix in Table 2 relates
the manifestation of an error (no action, late action, wrong action) to the information
processing model via descriptive text. For example, if a person does not take

required action, if may be for one or more of several reasons:

The information needed to prompt the action is not available.

e The person does not receive the information due to a physiological limitation
(receptor limitation) or an environmental disturbance that prevents or disrupts

information transmission from the source to the receptor.

¢ The person ignores or mis-interprets information and, as a result, does not

recognize the need for action.

e The person receiving the information does not have the ability or skill to

perform the required action.

>

The value of error classification ultimately lies in identification of corrective
measures designed to correct the faulty stage of information processing, thus

eliminating the system-induced cause of error.

Error Causation The Corrective Measures Matrix (Table 3) provides guidelines for developing
corrective measures based on the error classification. The corrective measures
suggested in this matrix are generic and must be considered in light of the specific

activity under study.

A human error can result from one or more system-related causes. However, it is
common that overall error occurrence is dominated by relatively few specific causes.
As a result, it may not be necessary, or appropriate, to equally weigh each identified

cause of error.

To focus resources on those causes that dominate error occurrence frequency, the

HEAT requires the evaluation team to rate the likelihood of occurrence for each
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Final

specific cause. Although it may be possible to suggest corrective measures for each
cause, the greatest benefit toward error control will be achieved by focusing on high
likelihood causes. The cutoff suggested by the JIP is to focus on causes with a

likelihood rating of 3-5.
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Error Analysis and Corrective Measures Procedures

Resource

Requirements

* The evaluation team

o All or the previously completed forms

s Form 3, “Error Analysis and Corrective Measures”
e Error Classification Matrix (Table 2)

s Corrective Measures Matrix (Table 3)

Prepare Forms

Prepare Form 3, “Error Analysis and Corrective Measures,” for each of the identified
critical errors. Include the task in which the error occurs, the step in which the error

occurs, a description of the error, and the modified risk index for the error.

Classify Errors Classify the errors according to the information processing model using the Error

per HF Model Classification Matrix (Table 2) on Form 3. Check all boxes in this matrix that apply
to the identified error.

Identify Causes For each box checked in the error classification matrix, list the possible causes of the

of Error error on the bottom section of Form 3. Attach additional forms if necessary.

Rate Likelihood  Rate the likelihood that each specific cause will result in the error of concern. The
likelihood ranges from a low of 1 to a high of 5.

Suggest Suggest appropriate corrective measures for each cause that is assigned a likelihood

Corrective rating of 3, 4, or 5. The Corrective Measures Matrix (Table 3) provides guidelines

Measures for appropriate corrective measures based on the error classification. Corrective

Final

measures, whenever possible, should focus on correcting the cause of the error.

Note any comments related to the cause or suggested corrective measure.
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Table 1
PERSONNEL INTERVIEW GUIDELINES

Critical Incident Questions

1.

Can you think of a situation in which an accident occurred or almost occurred while performing this

task?

What were the general circumstances leading up to this incident?

How often has this occurred?

Was there some action or inaction by the people involved that contributed to the incident?
When did this occur?

What was your role in the activity?

How long have you been performing this task?

What needs to be done to prevent this type of accident?

What would you do if this type of accident occurred?

10. Other comments?

Final 19 December 1997
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Table 3: CORRECTIVE MEASURES MATRIX

Information
Processing Stage

Type of Error

No Action (E1)

Possible Corrective Measure(s)

Information Source

1 Source information not present or not
detectable (below human sensory
threshold)

1 Provide information above detection threshold

Information Reception

2 Information cannot be received by
specific operator (deaf, color blind)

3 Information cannot be received
because of environmental conditions
(noise, darkness, brightness, weather)

2 Define required personnel attributes in fitness
testing

3 Control environment; seek another sensory
receptor; make information redundant (more than
one source)

Decision/Response 4 Information not attended to (distracted, | 4 Reduce workload; improve rest cycles or shift
fatigue) pattern; provide pre-alerting signal before vital
information is presented

5 Information ignored (not considered 5 Procedural training and supervision. Mandatory
important) checkpoints - flag removal

6 Not aware of correct response (faulty 6 Training and practice
learning or experience)

Action 7 Action not within ability 7 Define required personnel attributes; fitness testing

Late Action (E2)

Information Source

8 Source information not present at right
time

8 Improve information flow or communications.
Improve task sequencing.

Information Reception

9 Information delayed because of
difficulties in reception

9 Improve source intensity; reduce background
interference

experience)

Decision/Response 10 Delays in processing (high workload, 10 Reduce workload; improve rest cycles or shift
fatigue, stress, physiological pattern; provide pre-alerting signal before vital
condition) information is presented; increase supervision

Action 11 Slow to act (Lack of practice or 11 Improve skills with “hands-on” training or frequent

drills

Wrong Action (E3)

Information Sources

12 Source information incorrect

12 Provide correct information

Information Response

13 Incompletely processed because of
distortion, disruption, or distraction

13 Reduce demands of competing tasks; improve
communications system; provide training for
information priority

Decision/Response 14 Select wrong action (Incomplete 14 Improve training; conduct frequent drills

learning or experience)

15 Selects wrong control device 15 Modify the control display or configuration to

improve differentiation
Action 16 Wrong sequence - timing errors (Lack | 16 Improve control sequence identification; conduct

of skills) frequent drills

17 Cannot sustain action (Lack of 17 Define required personnel attributes; fitness

é(\ endurance) testing; improve training; redesign job
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Form 1: HUMAN ERROR ASSESSMENT SUMMARY

Study Scope

Describe the State(s) of System Prior to Conducting the Activity:

Describe the State(s) of the System at Completion of the Activity:

From the Above, Create a Concise Statement of Scope for this Human Error Assessment:

Evaluation Team

List the Names and Titles of the Evaluation Team Members. Circle the Name of the Evaluation Team

Leader

Study Preparation Checklist

The following checklist can be used for study planning purposes. Check off items needed for the study
and obtain before the first evaluation team meeting

Item Required? Arranged Item Required Arranged
Team members Copies of Blank Heat
Written Procedures Forms
- . Accident Data for the
Training Materials Activity

Meeting Room
Flip Chart w/ Pens

White board w/ Scanner

Access to Personnel for
Interviews

Interview Guideline
Questions (Table 1)

Error Classification
Matrix

Corrective Measures
Matrix

Final
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