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Abstract

Human error is a major cause of incidents in the offshore industry. For example, in the Gulf of
Mexico region in 1998, 38% of all incidents were attributed to human error with an additional 9%
of incidents resulting from slips, trips, and falls (MMS 2000-021, OCS Report). Human Factors,
when integrated during the design of a new offshore facility, can reduce the potential for human
error and the occurrence of unfortunate incidents.

Quite often the implementation of Human Factors (HF) during design is disregarded because of
the notion that it will add unacceptable costs. Review of the cost/benefit data contained in this
paper proves that notion to be untrue. Although cost/benefit is important, it was not the primary
focus of this Working Group. This paper’s focus is to develop a means or a strategy to
effectively integrate the application of HF design principles into all phases of a new capital
design project.

This Working Group’s objective during the Second International Workshop on Human Factors in
Offshore Operations was to generate discussion concerning HF integration strategies and to
focus on specific implementation issues that have been shown to be successful. These include
but are not limited to:

The factors critical to the success of HF integration

What HF activities should be conducted

At what stage during the various design phases should HF activities take place
HF strategies, how to decide what level of human factors engineering is required

The qualifications and responsibilities of those executing HF activities
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Effectively Including Human Factors
in the Design of New Facilities

1.0 INTRODUCTION

1.1 What is Human Factors?

At a high level “human factors” (sometimes referred to as ergonomics) is the scientific discipline
concerned with the understanding of interactions among humans and other elements of a
system, and the profession that applies theory, principles, data and methods to design in order
to optimize human well-being and overall system performance (IEA, 2000).

At a lower or more detailed level, “human factors” (as it relates to this particular paper) refers to
a domain of specialization within the human factors discipline called physical human factors
engineering. Physical Human Factors Engineering is largely concerned with human anatomical,
anthropometric, physiological, behavioral, and biomechanical capabilities and limitations as they
relate to human activity and the human-technology environment. Examples include, but are not
limited to: workplace layout and design, working postures, materials handling, line of sight,
repetitive movements, and safety.

A third practical working definition of Human Factors Engineering is the total effort put forth for
analysis, design and verification and or evaluation of the work, facility, or item in question.
Through repeated application of the cycle of these three components the design, operability,
and maintainability of the work, facility, or item are improved to meet the needs of the user.

The practitioners of Human Factors Engineering fully recognize the importance and significance
of the other domains of specialization within human factors, which also contribute to the
reduction of human error in new system designs. These domains include cognitive and
organizational human factors. Cognitive human factors topics include mental workload,
decision-making, skilled performance, human-computer interaction, human reliability, work
stress and training as these may relate to human-system design. Organizational human factors
topics include communication, crew resource management, work design, design of working
times, teamwork, participatory design, cooperative work, new work paradigms, virtual
organizations, and quality management.

For a comprehensive application of human factors to a new system design ALL of the different
domains of human factors will need to be incorporated into the system’s design, construction,
commissioning, and start-up.

Working Group 2 — HFW2002 Page 1 of 63 Houston, Texas




Effectively Including Human Factors in the Design of New Facilities

1.2 What is the Cost and Return on Investment of Incorporating Human Factors?

Management has a legitimate concern that Human Factors Engineering (HFE) may add costs to
the acquisition process through HFE requirements (e.g., those associated with design) and the
expense of HF Personnel. However, HFE involvement in several recent offshore projects has
demonstrated numerous instances where HFE inputs have reduced total acquisition costs
(Miller and McSweeney, 2000).

How much does HFE really cost? In no case according to Miller (1999), who monitored the
HFE costs over a nine-year period covering several offshore platform design and construction
programs, did the total HFE program cost more than 0.12% (and consistently ran closer to
0.08%) of the acquisition cost of the platform. On the SABLE Project the original estimated cost
(personnel charges only) for the HFE program was 0.07% of the facilities budget. The actual
HFE cost for this project was 0.035% of the facilities cost, or half of the estimated cost.

HFE has a proven track record of returning many times the value of the initial investment
throughout the operational life of a project. Miller (1999) reported that proposed HFE changes
in the design of the riser tensioner system for an offshore platform lowered the system’s
construction cost by $242,000 as estimated by the company’s engineers. This change was the
result of a HFE review of the riser tensioner’'s maintenance/replacement requirements. Curole
et. al. (1999) reported a case where HFE suggested modifications reduced the time required for
the removal of a gas turbine from a compressor package enclosure. The maintenance time was
reduced from 10 hours to 3 %2 hours approximately and the maintenance task is now conducted
in a safer manner.

The overall availability or uptime of a facility is a function of the reliability and maintainability of
both hardware/software and the reliability and efficiency of the personnel operating and
maintaining the system. When the time required for maintenance can be reduced, especially for
equipment that requires frequent maintenance or lengthy maintenance periods, as was the case
with the removal of the gas turbine, it will improve the availability or uptime of a facility. The
impact of each individual reduction in maintenance time may seem small. However, the sum of
all maintenance time improvements in conjunction with increased system reliability, which is a
function of a reduction in human error, will improve the availability of the facility. Based on
historical data, Rensink and Van Uden (1998) discovered that for a typical $400 million
petrochemical project, integrating HFE into a new plant design can result in a reduction of
0.25% in capital expenditure, 1% in engineering hours and 3% to 6% of the facility’s life-cycle
costs.
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A review of company pre and post HFE involvement in offshore platform design also
demonstrated the value of integrating HFE into new capital projects. As an example, the review
of accident data (prior to the incorporation of HFE) on the offshore installations of one of the
major operators in the Gulf of Mexico (GoM), revealed twenty-seven serious injuries over a five
year period from falls down stairs and vertical ladders. This review effort resulted in a design
specification for stairs, ladders and walkways based on HFE research data. This design
specification was then used on subsequent offshore platforms and only one stair fall accident
was recorded over the four-year period since the specification’s introduction.

Curole et. al. (1999) reported that operators, maintainers, and the commissioning staff stated
that the extensive HFE based labeling program (adopted by a major GoM Exploration and
Production company) has been one of the most successful HFE improvements the company
has incorporated. This HFE labeling program decreased the commissioning time of one facility
by approximately three weeks.

However, it is pointed out here and in the following sections that the largest cost advantage will
be attained when HFE is incorporated in advance of or concurrent with the design of the facility.
Much of the cost advantage associated with the HFE effort will be lost if the designed or
constructed facility must be changed to incorporate HFE recommendations.

1.3 What are the Benefits of Incorporating Human Factors in the Design?

As illustrated in the examples above, the return on investment in HFE can be quite substantial.
It is also reasonable to expect that HFE can be applied to the offshore industry in a cost-
effective manner. In general, some of the benefits that an operator might expect from a
proactive HFE program include:

Improved equipment design and controls that can result in fewer accidents, proper
operation of equipment, and improved maintainability. This can generate improved
up time for the facility, lower maintenance costs, improved personnel utilization,
lower personnel exposure time and risk in hazardous areas as well as fewer
incidents and near misses.

Improved installation layout that can result in a better flow of personnel throughout
the facility. This is especially important during emergency events. HFE could make
the difference between a person living to tell of the incident, or not.

Improved human-computer interface design for computer generated process, marine
display and control screens. This can improve operator information processing and
process control and alarm handling under both normal and upset conditions.
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Improved equipment and facility design can lead to improved human performance,
less physical stress and fatigue, improved quality of work, and a work environment,
which can improve worker satisfaction and morale.

Equipment that is easy to operate and maintain through the provision of properly
designed and easily understandable instructions, job aids, operating manuals, and
procedures. An additional benefit is the potential reduction in personnel training time
requirements.

Reduced exposure to hazardous environments as a result of reduced maintenance
and inspection times.

2.0 CRITICAL SUCCESS FACTORS FOR INTEGRATING HFE

The key ingredients for the successful integration of HFE during the various phases of a capital
project are:

Management commitment

The support of people at all levels of the project organization
Use of Human Factors Personnel

User input during all project phases

Early focus on known problem areas.

These factors will ensure that HFE is executed effectively and efficiently at every stage of the
project. The critical success factors for the implementation of the HFE strategy are as follows:

21 Management Commitment

Management commitment can be exhibited in many ways beginning with project management’'s
full support for HFE integration from the highest levels of project management. Some other
examples of management commitment include:

Appointment and empowerment of an HFE Champion - The HFE Champion acts as
the company HFE representative on the project management team. The HFE
Champion should be convinced of the benefits of HFE in design. Past offshore
project experience shows that the HFE Champion should be in the Engineering
Department, or, as a second choice, within the Operations Department. Placing the
HFE Champion within a support group, such as Health, Safety and Environment
(HSE) has not been as successful as when placed in Engineering or Operations. HF
Personnel should be located in the same place organizationally. See 3.3.2.2 for
further discussion on the HFE Champion.
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Early and continuous involvement of HFE throughout the project - It is extremely
important to plan for and involve HFE from the Concept Phase of a project and to
ensure continued involvement throughout the Operational Phase of the project. This
will prevent late changes to the design at extra costs. It is essential to ensure that
HFE is embodied in all phases of the project by integrating it into procedures and
work methods of the company and contractor. HFE should be applied to the overall
working-environment and human-machine interface design. HFE should be applied
to the design of components and subsystems, as well as during the integration of the
various subsystems into the total system.

Develop an HFE integration strategy for the company and require an implementation
plan from the contractors — Human Factors Engineering Plans (HFEPs) must be
developed by the company and/or contractors describing their respective scope of
HFE work to be completed for the project, the deliverables, schedule, organizational
structure, and responsibilities of those involved including subcontractors and
vendors.

Mandate HFE in design — It is imperative to the success of a HFEP that HFE be
mandated in the design through the inclusion of relevant HFE design standards or
design requirements in the project specification.

HFE Performance — HFE should be a focused activity and project management
should actively track the effectiveness of the overall HFE effort as it does for other
engineering disciplines.

Use HF Personnel — Project management should ensure that HF Personnel are
involved and are an integral part of the design team. HF Personnel should be
continually involved throughout all the project phases to provide real time HFE input
to engineers, designers, and draftsmen during system design or supervise and/or
audit the HFE activities and deliverables of contractor personnel assigned HFE
tasks.

Organizational _structure — Project management should physically and
organizationally locate the HFE activity such that it promotes interaction between
HFE, Engineering, Operations and HSE. The optimal location of HF Personnel
would be under Engineering with Operations as a good second choice.
Incorporating HFE under HSE is least preferred as HFE’s ultimate customer is
Operations and close cooperation between these two groups should therefore be
generated. Whenever feasible HF Personnel should fall under the operating
company to ensure that the highest level of commitment supports their effort. This
does not preclude the contractor from also obtaining the services of HF Personnel.
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Resources — Project management should ensure that adequate resources are
allocated towards HFE activities. Furthermore, HFE should be given the same
consideration as other business/engineering demands in the planning and execution
stages of day-to-day operations during the project’'s conception, design, and
construction.

Awareness training — Project management should commit resources towards HFE
awareness training to the company project team, design agents, Operations and
Maintenance personnel, inspectors, and vendors.

HFE areas outside design — Project management can show their commitment
through the requirement of HFE principles in areas outside of engineering design;
i.e., personnel selection, staffing levels, shift work, and procedure/manual
preparation.

2.2 Human Factors Personnel

With the decision made to include HFE, the relevant issue becomes the involvement of HF
Personnel. Some companies and contractors believe that all that is needed for successful
implementation of HFE into their design process is several days of HFE training for designers
and engineers along with a set of HFE requirements (regulations, specifications, standards,
checklists, procedures). It is also sometimes assumed that these HFE requirements would
function in a similar fashion to the technical requirements of the project and will not require
suitably qualified and experienced HF Personnel to take ownership of and ensure compliance
with these requirements. These assumptions, along with the opinion that HFE is "common
sense" and that “their designers have been doing it for years,” will significantly reduce the
effectiveness of the HFE program.

2.3 Relevant HFE Standards

The incorporation of HFE design requirements into project specifications is absolutely crucial to
the successful design and integration of HFE in any new system. It provides for technical
guidance and compliance without which the HFE effort will remain a “nice to have” at best or will
have to rely upon the good intentions of the contractor/vendor. The importance of early
availability of specifications, standards and requirements is also crucial to the total and
consistent implementation of their content. Ideally these documents will be available during
awareness training to provide attendees with the information and familiarize them with the
documents content.

Working Group 2 — HFW2002 Page 6 of 63 Houston, Texas



Effectively Including Human Factors in the Design of New Facilities

It is also extremely important that the HFE design inputs be based on the relevant standards
such as the following:

American Society for Testing and Materials. (2000). Standard Practice for Human
Engineering Design for Marine Systems, Equipment and Facilities (ASTM F 1166 —
2000). West Conshohocken, PA: Author.

American Society for Testing and Materials. (1991). Standard Human Engineering
Program Requirements for Ships and Marine Systems, Equipment and Facilities
(ASTM F 1337 — 2001). West Conshohocken, PA: Author.

American Bureau of Shipping. (1998). Guidance Notes on: The Application of
Ergonomics to Marine Systems. New York: Author.

American Bureau of Shipping. (2002). Crew Habitability on Offshore Installations.
New York: Author.

NORSOK Standard. (1997). Working Environment. (S-002, Rev. 3)
Other project specific design requirements developed by HF Personnel.
Examples of such documents that have been developed for specific companies or projects in
the past include the following:
HFE Requirements for Offshore Living Quarters.
HFE Requirements for Workplaces.
HFE Requirements for Controls, Displays, Alarms, and Operator Panels/Consoles.
HFE Requirements for Location and Orientation of Valves.
HFE Requirements for Labels and Signs.

HFE Requirements Ramps, Stairs, Vertical Ladders, Work Platforms, Walkways, and
Railings.

HFE Requirements for Computer Displays.
HFE Guidelines for the Preparation of User Operational/Maintenance Manuals.
HFE Specifications for Environmental Conditions in Enclosed Spaces.
Additional references are listed separately in Appendix A for use in obtaining information on

specific topics. This list of references is not all-inclusive and only representative of the
information available on HFE related topics.
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2.4 Close Cooperation between Operations and HFE

The input of the end user, generally represented by Operations and Maintenance, is critical to
the successful deployment of any new system and must be sought during every phase of the
project cycle. By soliciting the opinions and knowledge of persons who have experience with
systems, facilities, and equipment similar to that under design, many of the lessons learned by
these individuals and information regarding strengths and limitations of the user population can
be incorporated into the current design. It is also a commonly held belief that when users are
involved in the design process their satisfaction with the end product is increased.

The cooperation between Operations and HF Personnel is the key in the determination of many
design parameters and in the development of many project documents. The Operations
personnel will provide HF Personnel with task information and data used to select appropriate
HFE design guidelines and is integrated into competency profiles, staffing levels, procedure
development, and other studies including HAZOPs and materials handling studies. HF
Personnel are in turn advocates of Operations, providing them with support and guidance on
issues pertaining to human capabilities and limitations. This information can influence the
physical design of the facility as well as staffing levels, work scheduling, procedures, and
materials handling as examples.

25 Early Focus on Known Problem Areas

The early focus should be on the analysis of known problem areas and lessons learned.
Information sources that can identify these known problem areas include industry wide and
company specific accident and incident reports and near misses, interviews with Operations and
Maintenance personnel on similar existing facilities and equipment, and inputs from HF
Personnel with offshore design experience. Where existing data is not available, a Front End
Human Factors Engineering Analysis (FEHFEA) or a similar type of Gross Task Analysis should
be conducted. This involves a multi-disciplinary team who identifies potential problems in the
design of the human-machine-environment interface and ensures that these are addressed
during the detail engineering design phase.

3.0 How TO INTEGRATE HUMAN FACTORS ENGINEERING (HFE) INTO THE PROJECT LIFE
CYCLE, UP TO POST-COMMISSIONING AND START-UP

To ensure the effective integration and application of HFE design principles throughout the
various life cycle phases of a capital project, a strategy is required which will establish
management responsibility and accountability for HFE. The objective of this paper is to propose
such a strategy. This can best be achieved by introducing HFE into existing project
management systems with the prime objective of ensuring that the relevant HFE activities are
executed effectively and efficiently at every stage of the project.
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Once the appropriate level of HFE involvement in the project has been determined by project
management, the critical points for bringing HFE activities into the project must be identified
relevant to the project schedule. The attached Sample HFEP provides an overview of the high
level activities associated with HFE and their relative time frames within a project. These
activities follow the generalized life cycle model for HFE that requires the integration of analysis,
design and verification, and evaluation.

Figure 1. Life Cycle Model for HFE

Some of these activities have been expanded upon below:

3.1 HFE Vision and Policy Statement

The first step in the creation of a HFE Vision Statement is obtaining the approval and support for
the implementation and integration of HFE into the new design project from senior
management. This commitment on management’'s part should be included in a vision
statement, which explains how

HFE will be addressed in relation to the project, within the company. This statement can be a
stand-alone policy under its own HFE heading, or included as part of the Health, Safety, and
Environment (HSE) policy statement.

The corporate or management level HFE vision statement should be related to a project level
HFE mission statement. Similar to the corporate level statement, the project level statement
will also require the approval and support of project management and discuss how HFE will be
addressed in relation to the project.
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A high degree of correlation between the two statements is required to ensure that the HFE
desires of both levels of management are communicated compellingly throughout the project
team and all phases of work. These two statements are supported by the project objectives.

Attached are Sample Vision, Mission and Objective Statements found in Appendix B. Note that
these samples may not address all of the issues relevant to a specific project and that the terms
of the project will also impact this statement.

3.2 Management and Project Team Orientation

Once the policy statement has been formalized, management and employees responsible for
project execution need to be orientated to HFE, what it is and why it should be a part of a capital
project. The Project Human Factors Engineering Plan (HFEP - Section 3.3.1.2), developed
immediately upon management approval and support for HFE integration, should be introduced
as part of this orientation as an outline of the required HFE tasks and how they integrate into the
overall project. Such sessions are frequently called HFE awareness training sessions.
Additionally, active support and involvement of line and project management is important to
ensure successful implementation of the HFE strategy. Project managers, construction
managers and line managers should be provided with knowledge about HFE principles and best
practices and the added value of HFE as well as its tangible and intangible benefits.

Generally, the objectives of an awareness-training program are as follows:

A basic knowledge of when and why human errors occur on offshore structures and
onshore facilities

A basic knowledge of HFE and why it should be applied during the project
A basic knowledge of HFE design standards and how to use them

Sufficient knowledge to recognize when and how to solicit HFE assistance when
required.

The skill levels for different persons on the project team will generally be job specific and are
addressed through the depth of training provided. A general overview for management training
may require a two hour presentation to accomplish the objectives above, while a designer or
engineer may require an eight hour training session to communicate the required level of
understanding.
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3.3 HFE Tasks/Activities

In the following paragraphs are listed typical activities performed by HF Personnel, from
conceptualization to post-commissioning and startup phases of the project. These phases will
obviously be different depending on the operating company or client. In order to perform some
of these HFE Tasks/activities a number of HFE tools or techniques are mentioned. It is not the
intention of this white paper to provide detail on these tools or techniques. The company is best
served by having the techniques or tools applied by HF Personnel. .

3.3.1 Concept Phase (Define and Select)

3.3.1.1 Include HFE Requirements in the Project Specification(s)

During this phase detailed HFE design requirements that will accommodate the physiological,
psychological and sociological characteristics of the anticipated end-user population must be
included in the project specification(s) by those responsible for HFE on the project team. These
specifications will also address the requirements that will initiate the HFE integration activities
and tasks including operability assessments and verification. These requirements may take the
form of calling out an HFE design standard such as ASTM F1166-2000 or the ABS Ergonomic
Guidance Notes, or by developing and including company specific HFE design requirements in
the project specification(s). The importance of early availability of specifications, standards, and
requirements is crucial to the total and consistent implementation of these documents. Ideally
these documents will be available during awareness training to provide attendees with the
information and to familiarize them with the documents content. See Figure 2 and Figure 3 for
examples of HFE requirements.
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Figure 2.  Operator Field of View
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Figure 3.  Multi-tiered Standing Console
(Figures used with the Permission of ABS)
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Companies may also integrate (embed) specific HFE guidance and requirements directly into
appropriate technical standards as opposed to separate HFE requirements or both. The project
specifications should also include the scope of HFE work to be completed by the contractor as
appropriate. It is important to have HF Personnel involvement during the project development
as well as inclusion of HFE requirements into the project specification. This is largely because
on any particular project there may be other factors that constrain the inclusion of certain HFE
design requirements. Examples include: Operations may require the use of certain equipment,
a specific process, or a design logic compatible with existing facilities, safety systems, etc.
which may conflict with preferred HFE guidance (this most often happens when an existing
facility is being expanded); contract terms, regulatory requirements, etc. may limit flexibility to
implement certain HFE considerations, equipment choices, allowable suppliers, etc. It will
therefore generally require HF Personnel to assist the project team in tailoring the HFE
requirements for inclusion in the project specifications.

It should be noted that the importance of HFE integration activities, like operability assessments,
are frequently underestimated and fail to be incorporated into the detailed design or feedback.
Hazard and operability studies, which are commonly implemented in a project to address these
issues, fail to cover the entire scope of operations in favor of review of the design philosophy
that is easier to discuss. This failure has lead to the involvement of HF Personnel in other
processes including 3D CAD and model reviews to address issues missed in the hazard and
operability analyses.

3.3.1.2 The Project Human Factors Engineering Plan (HFEP)

The HFEP is a key part of the successful integration of HFE into a project. The HFEP should
describe the scope of HFE work to be completed by each party, including the specific tasks and
their relation to the project schedule, the deliverables, organizational structure, responsibilities
of all parties involved, and vendor and subcontractor activities. Responsibility for developing the
document can be assigned to the company, contractor or both parties depending on the
contracting philosophy undertaken. In the case that the company assumes the responsibility for
the HFE activities, the HFEP should be written by the company. In the case that the contractor
assumes full responsibility for HFE activities, the contractor should write the HFEP as part of the
bid package or as specified in the RFQ. There may also be the case where the company will
develop an HFEP for the management of their own HFE activities that occur at a higher level
than the contractor's HFE activities. In this case the company should define the concept for
both HFEPs and the contractor should conform to the requirements therein. Irrespective of the
author, the HFEP should be prepared as early as possible and upon management approval and
support for HFE integration at the project level and assignment of the contract at the contractor
level.
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In any case the HFEP should be written prior to any awareness training. By having an
approved HFEP prior to training, the implementation of the plan is secured and all members of
the project team can be made aware of how HFE integrates into the project as a whole.

Attached is a sample HFEP found in Appendix C. It should be stressed that the HFEP does not
include all of the topics covered by this white paper. The white paper addresses the strategy
and philosophy for implementing HFE in a project while the HFEP is the process of
implementing HFE in a project. In addition, there are topics covered by the white paper, which
may be optional components of an HFEP, depending on the type and scope of a project.

3.3.1.3 HFE Patrticipation During Conceptualization and Formulation of Philosophies

During this early stage of the project HF Personnel need to participate in all analyses that reach
decisions and formulate philosophies regarding the health, safety and or environment of
personnel as well as the operability, maintainability, and staffing levels of the facility. This may
include control system, safety system, and emergency philosophies. HFE inputs must also be
provided to the conceptual design and preliminary layouts in order to facilitate operability,
maintainability, and to reduce the potential for human error.

3.3.1.4 Front End Engineering Definition (FEED)

During the Front End Engineering Definition (FEED), a Front End Human Factors Engineering
Analysis (FEHFEA), Gross Task Analysis study (ASTM F1337 - 2001) or FEEEM® Design
Analysis needs to be performed under the guidance of HF Personnel. The purpose of this task
analysis and the analysis of lessons learned on similar existing facilities and operations input is
to identify potential problems in the design of the human-machine interface with regards to the
working environment. These analyses are also necessary to ensure that the potential problems
previously identified are being addressed during detailed design. Certain critical facilities such
as the Central Control Room, Driller's Control Cabin and the Offloading System will require a
dedicated task analysis. Optimally studies such as these and operational and functional task
analyses should begin shortly after the development of the process flow diagrams (PFD’s). This
timing will minimize the costs related to changes and schedule impacts and will allow the
studies to continue smoothly during the detailed engineering design phase. Additional
information on task analysis requirements is available in NORSOK S-002, Working Environment
Standard (http://www.nts.no).
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3.3.2 Detail Engineering Design Phase

3.3.2.1 Contractor Selection and Award

During the contractor selection and award process, the company, with the help of the HF
Personnel, needs to evaluate contractor bid packages for the inclusion/integration of HFE
requirements. The contractor should include in its bid package a Human Factors Engineering
Plan (HFEP), when applicable, describing the scope of HFE work to be completed for the
project, the deliverables, schedule, organizational structure and responsibilities of those
involved including vendor and subcontractor activities. The information presented in these
packages and the quality of the contractor HFEP provided (when applicable) is indicative of the
contractor’s capability in the area of HFE. The bid submittal should be reviewed for adherence
to the HFE requirements included in the project specification. The evaluation must check the
credentials of the contractor’s proposed HF Personnel to ensure that they are qualified. Where
HF Personnel are located within the contractor organization should also be considered and it is
recommended that these persons be under the Engineering department, though Operations and
HSE are also acceptable organizational locations. The physical location of this staff with regard
to the remainder of the project team should also be considered. It is to the company’s benefit
for the HF Personnel to be co-located with the contractor’s engineering staff.

3.3.2.2 HFE Champion

Project management must ensure that an HFE point of contact has been appointed within the
company’s project management team for each phase of the project. This point of contact is
called the HFE Champion or HFE Accountable Person. The HFE Champion is most effective
when this person has been appointed early in the project development and has approval
authority covering most, if not all, items relating to HFE. Organizationally the HFE Champion
and HF Personnel should be an integral part of the project team and they should be physically
and organizationally located within the Engineering (preferred), or Operations (acceptable)
department depending on the life cycle phase of the project. Past offshore project experience
has shown that placing HFE Personnel in a support group, such as HSE, is not advisable but
may work depending on where the HSE or support group representative reports to in the project
organizational charts. Having HSE or the support group report to a project director will provide
HFE with the support of senior project management.
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3.3.2.3 Contractor HFE Awareness Training

Awareness training to contractor project management and an introduction to HFE training
seminar to the contractor project management, engineering and design team must be provided
before detail design begins. This training should include an introduction to all of the HFE
activities to be performed during detail design and should describe what will be needed from the
engineers and designers to accomplish those activities. Training should include presentations
on the HFEP and design requirements, guidelines and checkilists.

3.3.2.4 HFE Design Requirements, Guidelines and Checklists

The HFE design specifications included in the project specification are to be made available for
use by designers and for inclusion in RFQs to vendors. It may be necessary to support these
HFE design specifications with additional HFE guidelines and checklists subject to the approval
of the company HF Personnel. HFE specifications may need to be tailored for specific vendor
package RFQs. If required, company specific documentation such as standards, should be
developed. Special documents should be developed prior to HFEP and awareness training for
their inclusion in the appropriate documents.

3.3.2.5 HFE Action Item Tracking Database

HF Personnel should also document all HFE recommendations and design inputs made from
the earliest point of HFE involvement and throughout all phases of the project. A database for
keeping track of these HFE action items will allow for action item follow-up, closure, and for HFE
progress reporting. Regular progress reports of HFE activities should be provided to project
management.
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3.3.2.6 Specific HFE Analyses and Studies

In order to properly support a design decision HF Personnel may be required to conduct specific
HFE analyses. In some cases information is provided on human capabilities and limitations as
input to studies conducted by Engineering, Operations and Maintenance (O&M), or other parties
as required. Examples of such analyses and studies include:

Function allocation, task analyses and job descriptions — The purpose of these
HFE analyses is to identify which system functions are to be performed by
equipment and which tasks are to be performed by personnel. For those tasks
allocated to human operators, these analyses determine whether they are
compatible with human physiological and psychological capabilities and limitations.
Finally the tasks are grouped together and described as a single job or position,
which serves as a major input for the determination of personnel competency
profiles. HF Personnel will generally conduct these analyses though the data may
be collected by other persons for analysis. Additional information on task analysis
requirements is available in NORSOK S-002, Working Environment Standard
(http://www.nts.no).

HAZOP’s for key areas — Hazard and Operability Studies (HAZOPs) are one of the
most popular process hazard analysis techniques currently used in the offshore
industry. The purpose of reviewing human factors within the HAZOP is to identify
situations, equipment, or other factors which may result in human errors, thus
creating process hazards, operational upsets, or maintenance problems. Once
potential errors are identified, steps can be taken to control these deficiencies. The
HAZOP team is composed of personnel representing the required engineering and
technical disciplines who have experience with the primary hazards of the facility’s
processes. While human factors must be addressed during the HAZOP, it is not
generally a required engineering discipline to be represented on the HAZOP team.
The HAZOP team will be placed at a disadvantage if there is a lack of representation
of HFE skills and knowledge on the team. This can result in the misapplication of
training or procedural changes, or to the misapplication of equipment changes to
control or correct for human error potentials and human performance related issues.
HF Personnel should participate in the pre-HAZOP review of documentation such as
layout drawings and piping and instrumentation diagrams/drawings (P&IDs). With
the support of Operations and Maintenance personnel, HF Personnel will define the
tasks that an operator would be expected to perform and which tasks would be
assigned to equipment. During the HAZOP all issues that have HFE implications
should be noted in the HAZOP record. An important mechanism to identify HFE
concerns is the team’s discussion of causes of deviations from the system intent
along with the identification of the root causes of these deviations.
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Whenever the potential for human error is identified during a HAZOP study, the team
should discuss how and why such an error could occur and ensure that the HAZOP
record documents the source(s) of such errors. HF Personnel should review the
identified concerns as well as the suggested safeguards/controls and
recommendations. This HFE activity is to ensure that the recommendations will
reduce the probability of the error or reduce the consequence of the error to
acceptable levels. Following the study HF Personnel may also need to perform
additional analysis to evaluate the extent of identified HFE problems and their
control.

Valve Criticality Analysis (VCA) - The purpose of this study is to classify and then
locate all valves used on a facility based on their criticality. The classification is
based on a formal set of criteria agreed upon by all relevant members (disciplines) of
the Engineering, Design, Operations, and Maintenance teams. The major benefit of
the VCA is that it formalizes the decision process for determining the location
(accessibility) of all valves. It also provides clear guidance to designers, speeds up
the overall design review process, and alleviates unnecessary lengthy discussions
on valve locations as the design progresses to completion. Additionally, the VCA
ensures that operational and maintenance requirements are addressed when
deciding on the location of a valve and this process generally reduces the cost of
over-design. An example of this utility is the elimination of unnecessarily long piping
in order to make valves accessible from deck level or the provision of stairway
access and work platforms for access to non-critical valves. HF Personnel
participates in all criticality discussions and provides guidance on acceptable
locations for valves of different criticalities.

Emergency egress, escape and evacuation — The purpose of this study is to
review the HFE requirements during an emergency on an installation. This will
include analysis of the escape routes, muster stations, and the integrity of the
temporary refuge, the survival crafts/lifeboats and fast rescue crafts. During an
emergency the most critical aspects of operations are the communications to
personnel of the hazardous event and the design provisions that have been included
to ensure the integrity and visibility of the egress routes. This includes HFE inputs
on: the frequency, type and magnitude of the tones utilized for the alarms; the color,
frequency/intensity, and location of alarm lights; and the markings, lighting,
protection/shielding (plating, grating or heat shields) and clear width of escape routes
(especially for stretcher access). After the egress routes, the next most critical
location is the muster point. This would normally be located in a temporary refuge
and is a designated point for verifying that all personnel are accounted for before the
final decision to abandon and evacuate is made. The critical HFE aspects of this
location include access/egress for the normal compliment of personnel on the
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installation, the size of the muster station (adequate enough in size to minimize
claustrophobic fears or stress with full evacuation equipment on), the
communications in the refuge area (clarity), heat / carbon dioxide accumulation and
stress, physical protection against the accidental event, and proximity to survival
crafts/lifeboats. Generally, a secondary muster point is designated on the installation
and would require the same HFE specification as the primary muster area. The final
safety critical system is the HFE aspects of the survival crafts (lifeboats) and their
boarding/staging locations. Designers should ensure that the survival crafts have
incorporated HFE considerations during design, testing, maintenance, and
operations of this equipment. This would include ensuring cultural calibration of the
seats/entrance and critical pieces of operating equipment in the boat, stretcher
access, recovery of overboard personnel and operations and control of the lifeboat.
The study is normally performed by the HSE Specialist with significant input from HF
Personnel.

Material handling study — The purpose of this study is to define the requirements
for material handling, either mechanically assisted or manually, on the facility. It is
conducted by engineering with inputs from HF Personnel to interpret design
standards and provide additional design guidance as needed on human capabilities
and limitations. This study is conducted largely to prevent injuries from manual
materials handling activities and to reduce downtime during scheduled and
unscheduled maintenance activities. The scope of this study may include the
evaluation of material handling equipment, selection of materials handling
equipment, validation of paths of movement and clearance for this equipment, and
accessibility to equipment.

Crane study — The purpose of this study is to optimize drop zones or laydown areas
based on crane operator viewing angles from the crane cab. This is conducted by
engineering with input from HF Personnel on operator eye positions based on the
appropriate anthropometric dimensions as well as other relevant information on
human visual capabilities and limitations. Crane studies may also include review of
the operator interface controls, work environment evaluations, accessibility issues
including ladders and handrails and review of operational procedures.

Control room study — The purpose of this study