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RÉSUMÉ

La conception de la salle de commande de la dernière centrale CANDU 6
d'EACL remonte aux années 70. Il va sans dire que les exigence;;
s'appliquant aux salles de commande ont changé de façon spectaculaire
depuis, et ce, en raison des nouvelles normes en matière de prescriptions
d'autorisation, de l'apparition de nouvelles normes fondamentales touchant
la conception des centres de commande et des perfectionnements techniques
du domaine. Dans la conception et l'exploitation des usines
industrielles, et surtout des centrales nucléaires, le rôle de l'opérateur
(facteur humain) est devenu proéminent. Au cours de la dernière décennie,
de graves accidents industriels ont fait ressortir la nécessité d'accorder
une attention plus grande au rôle de l'homme dans le système de conduite
de l'usine. On a établi une méthodologie de conception fonctionnelle (MCF)
permettant de maximiser les aptitudes de l'homme et de la machine dans la
prochaine génération de centrales CANDU. Les fondements de cette méthode
reposent, en partie, sur la récente norme internationale CEI 964.
L'application de cette méthode amènera à établir les exigences entrant
dans la conception détaillée de la salle de commande, y compris les
interfaces homme-machine, les versions préliminaires des méthodes
d'exploitation, la sélection du personnel et la formation. De plus, cette
méthode constitue une référence permettant de vérifier et de valider la
répartition des tâches entre l'opérateur et la machine.
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ABSTRACT

Since the control room for the last Atomic Energy of Canada Limited CANDU 6 plant was
designed in the 1970s, requirements for control rooms have changed dramatically as a result of
new licensing requirements, evolution of major new standards for control centre design and
technological advances. The role of the human operator has become prominent in the design
and operation of industrial and, in particular, nuclear plants. Major industrial accidents in the
last decade have highlighted the need for paying significantly more attention to the requirements
of the human as an integral part of the plant control system. A Functional Design Methodology
(FDM) has been defined that addresses the issues related to maximizing the strengths of the
human and the machine in the next generation of CANDU plants. This method is based, in
part, on the recently issued international standard EEC 964. The application of this method will
lead to the definition of the requirements for detailed design of the control room, including
man-machine interfaces, preliminary operating procedures, staffing and training. Further, it
provides a basis for the verification and validation of the allocation of functions to the operator
and the machine.
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1. INTRODUCTION

Since the control room for the last Atomic Energy of Canada Limited (AECL) CANDU1 6
plant was designed in the 1970s [1,2], requirements for control rooms have changed
dramatically as a result of:

new licensing requirements that take increasing account of human factors issues in the
control centre environment,
evolution of major new standards for control room design, and
significant technological advances.

The role of the human operator has become prominent in the design and operation of industrial
and, in particular, nuclear plants. Major industrial accidents in the last decade have highlighted
the need for paying significantly more attention to the requirements of the human as an integral
part of the plant control system. In Canada, the Atomic Energy Control Board (AECB - the
Canadian nuclear regulatory agency) has issued a draft policy statement (ACNS-9) [3]
requiring the developers of new nuclear facilities to apply systematic methods and human
factors knowledge in the design and operation of all safety-related systems.

During the past decade, international practice for the design of control rooms has become more
formalized with the release of three standards/guides: U.S. Nuclear Regulatory Commission
NUREG-0700 [4], Electric Power Research Institute EPRI NP-3659 [5], and International
Electrotechnical Commission IEC 964 [6]. These documents address both the methodological
and human factors (anthropometries, psychological and task analysis) aspects of control room
design.

Technology used in control centres for nuclear plants has undergone significant changes over
the last decade. Advanced information processing and display systems offer many new
opportunities for human-computer interaction and automation that were not available in the
past. Future CANDU control rooms will incorporate these new technologies to enhance the
plant operators' capability to monitor, supervise, make decisions and execute procedures
through a CRT-based2 control environment (i.e., 'soft' control).

To respond to the new requirements, we have defined a Functional Design Methodology
(FDM) that addresses the issues related to maximizing the strengths of the human operator and
the machine in the next generation of CANDU plants. This method is based, in part, on IEC
964 and will lead to the definition of the requirements for detailed design of the control room,
including man-machine interfaces, preliminary operating procedures, staffing and training.
This paper presents a background to the evolving design standards, the underlying philosophy
for CANDU control centre design and a description of the FDM. The appendix defines key
terms used in this report in relation to the FDM.

2 . FUNCTIONAL DESIGN METHODOLOGY - AN OVERVIEW

Three recent documents from nuclear industry standards organizations provide guidance on
functional design issues: NUREG-0700, EPRI NP-3659 and IEC 964 [4-6].

The focus of NUREG-0700 ("Guidelines for Control Room Design Reviews") is the criteria
and process to use in assessing the implementation of a control room (anthropometries

1 CANDU: CANada E)euterium y_ranium. Registered Trademark.
2 CRT: Cathode Ray Tube.



perspective). The document has only a limited treatment of cognitive issues. A suggested
functional analysis methodology is briefly outlined.

EPRI NP-3659 ("Human Factors Guide for Nuclear Power Plant Control Room
Development") consists of guidelines on the implementation of control rooms from a human
factors perspective, and addresses such features as panels, lighting, instruments, switches and
labelling. It also discusses the need for a human factors plan and for an analysis of functions,
systems and tasks. Function analysis is mentioned, but little guidance is provided on how to
perform it.

IEC 964 ("Design for Control Rooms of Nuclear Power Plants") contains the most complete
description of a methodology. The goal of a control room design team is the successful design
of an integrated control room system. This system includes the control room staff, the man-
machine interface, the operating procedures and the training program. The document addresses
the control room functional design stage in some detail. Comparatively little guidance is given
on the development of staffing requirements, operating procedures and a training program.

The following conclusions were reached based on a review of the above standards and the
literature.

1. NUREG-0700 and EPRI NP-3659 focus on detailed checklists as aids for control room
design and verification. Both documents tend to address the conventional
instrumented-panel approach to control room design.

2. IEC 964 contains the most complete description of a FDM. It is written at a
fundamental principles level and is therefore relevant to computerized or conventional
control room design. Further, it represents an international perspective on the subject.

3. IEC 964 is written as a general guideline, which is non-prescriptive as to details of
design specification and verification. For example, the important step of man-machine
allocation is described only in very general terms. To be directly useful in the design of
future CANDU plants, a more specific interpretation is required.

4. IEC 964 is written in a style that permits the use of evolving plant design experience
(e.g., pre-existing man-machine allocations or display groupings proven in practice),
and allows some flexibility to cater to project schedules and resourcing constraints.
This gives the design organization flexibility to customize the methodology to suit its
particular circumstances.

5. A comprehensive, well integrated, systematically documented methodology suitable for
CANDU and consistent with the intent of IEC 964 has, apparently, not yet been
developed and applied by others.

To address the design needs of future CANDU control centres, the development of a FDM was
undertaken. It was developed in considerable detail for clauses 2 and 3 of IEC 964, which
addresses the overall scope and principles of the control room design process and the
functional design of the control room. Elaboration of a method to meet the intent of clauses 4
and 5 of the IEC 964 (detailed design) is presently underway.



3 . UNDERLYING PHILOSOPHY

The development of the FDM has provided a means of translating our underlying management
and control philosophy into the design of the future plant control centres [7]. In developing
this philosophy, we have had to address the following issues:

- the relationship between power production and safety goals,
the balance between manual and automatic control (function allocation), and

- the inclusion of human factors (psychology, anthropometries and task analysis),
including human reliability.

Key areas addressed by our research include:

- a definition of the levels of automation using a new model of the control process,
a comprehensive decision-making and control model, and

- presentation of information in the context of a plant situation or condition.

This work has contributed significantly to the development of the FDM and is briefly
summarized below.

3.1 Levels of Automation

We have re-examined the generalized control problem and have derived a hierarchy of activities
[7]. This hierarchy parallels much of the structure of human decision-making behaviour (skill-
based, rule-based and knowledge-based) defined by Rasmussen [8], and allows us to better
define the man-machine interface.

On-line activities that involve the performance of knowledge-based tasks, such as planning,
scheduling and review of operations, interpreting situations and devising new procedures, are
defined as 'creative' and require the operator to be a 'situation manager' (see Table 1). When
the response to a particular situation must be completely predetermined, implementation should
be automated through hardware or predefined operator actions, and is referred to as 'har 1
control1. When situational and discretionary judgement requires the human to remain in the
control and decision-making loop, control tasks should be shared between the machine and the
human, and is called 'soft control'. We envision operator support systems assisting the
operator to be the 'situation manager' and to carry out die 'soft control' [9,10].

Table 1: Comparison of Levels of Automation

Decision-
Making
Behaviour

Knowledge-
Based

Rule-
Based

Skill-
Based

Characteristic

Creative Thought

Predetermined
Response

Definition of Functions
Assigned to

Operator Machine

Creative/Situation
Management

Soft Control

Automatic/ Hard Control
Conditioned Response

Operator Support
System

Operator Support
System

Hard Control

Responsibility
for Action

Operator

Designer/
Operator

Designer



3.2 Model of the Control Process

The model of the control process (see Figure 1) begins with a distinction between the several
plants that exist; the actual plant and the one as understood by the designers, analysts and
operators [7]. The actual plant will be different because of idiosyncrasies of particular
equipment and layout, limitations of engineering and science, and errors and omissions during
engineering and construction. The distinction is made between the Intellectual Plant Set (as
designed) and the Analyzed Plant Set (extensively analyzed by probabilistic safety assessments
(PSAs), etc.). In both cases, the term 'set' is used to signify that the plant could be
represented by a number of state descriptions, each having a set of values for a number of
variables (pressures, temperatures, flows, radiation levels, inventories, etc.), together with
acceptable sets of values for transition between states. However, because of analysis
limitations, material attributes, etc., a constrained set of allowed states and/or transition sets
may be imposed upon the operator of the actual plant from time to time. The plant must not be
allowed to operate beyond the boundaries of the known and understood plant since all of the
procedures, simulation and automation are based on analyses having the same limits,
restrictions and simplification.

The model has linkages between the actual plant, human operator, design models, control room
procedures, and the broad geoenvironment within which the facility and operator perform. The
geoenvironment includes political, regulatory, economic, international financial factors, labour
and market considerations. Information is defined as data gathered and synthesized in such a
manner as to permit decision processes to operate effectively. This definition is essentially
independent of whether we have a human in the decision loop or a fully automated plant.

The model shows that the boundary of automation between soft control and situation
management (creative) lies within the human. The form of the operating procedures will
depend on whether the operator is expected to perform predefined tasks in a rule-based mode
(i.e., procedures with discretion) versus being expected to use knowledge-based behaviour.
The user interface to the plant information will be different in each case.

3.3 Decision-Making and Control Model

This model provides a standardized framework for representing decision-making and control
actions during the development of plant procedures and systems. A model is required for the
FDMto:

guide the definition of the types of information necessary to support the execution of
functions by either man or machine, and

- define the framework for human-machine interaction in the design of the preliminary
man-machine interface.

In addition, the model provides the basis for the definition of an operating staff skills and
training program.

We have evaluated how information is used for control decision-making [7,8,11,12]. In its
simplest form, we have defined a five-step sequence of discrete activities in three stages, each
with unique requirements and characteristics (see Figure 2):



Problem-Solving Stage Step

Problem Perception Acquire situation data.

Perceive problem.

Planning a Solution Plan corrective action.

Executing a Solution Convert plan into control actions.

Perform control actions, including look-back (returning) to
the Problem Perception stage.

The intent of this specific model is to:

- represent both human and machine decision-making practice and combinations thereof,
represent the multiple roles of operations staff as monitor, supervisor, analyst, planner
and controller,

- reflect the problem-solving approach desired of operations staff, and
- reflect the control methods implemented in automated systems by designers.

The model is applicable at all levels of decision-making and control hierarchy (i.e., levels of
automation). In addressing a problem, one applies the model at higher abstract levels first,
followed by successive applications at more detailed levels.

A procedure can be represented as a finite series of applications of the model. In contrast, the
control action of an automated system can be represented as a continual application of the
model.

3.4 Context-Sensitive Information

Future CANDU plants will incorporate a 'soft1 control room concept (also referred to as
cockpit-type control [13]), where CRTs are used for presentation of plant information and for
executing control operations. This concept can present the operator with information most
relevant to the task in hand. The remaining plant data, formerly displayed on control-room
panels, are available on demand. Relevance implies there are contexts that change with
operating circumstances. By applying this concept throughout the design of the plant, we
ensure the operator has the correct information within the context of the tasks to be performed
to achieve the desired performance and safety goals.

4 . FUNCTIONAL DESIGN METHODOLOGY - DETAILED DESCRIPTION

The FDM integrates into the existing design process for CANDU control centres, and
formalizes the interactions of the following groups: safety and licensing, nuclear steam plant
(NSP) and balance of plant (BOP) systems designers, operations/commissioning, and control
centre.

The methodology has been successfully evaluated in a trial application using an existing
CANDU 6 system. Further evaluation is underway to fine-tune the steps prior to a
commitment for use in the design of a control room. Each step in the methodology is briefly
described below (see Figure 3).



4.1 Function Analysis

Function analysis consists of the successive decomposition of the primary plant safety and
power production goals into a hierarchical arrangement of functions and sub-functions. This
hierarchy provides a structure to organize plant functions as a precursor to the definition of the
control centre man-machine interface.

Two function analysis trees are developed to the equipment/component function level: one tree
for the plant safety goal, and one for the power production goal. The purpose is to identify all
plant equipment-level functions to be controlled to achieve the overall safety and power
production goals. The analysis trees are organized into levels labelled:

Functional Goal (safety or power production),
Functional Sub-Goals,

- Critical Safety or Power Production Functions,
- Sub-Functions,

System Functions,
Sub-System Functions (may contain multiple levels), and

- Equipment Functions.

For the safety-related tree, the decomposition should cover all plant states and design basis
events identified in safety analysis documents. For the power production tree, the
decomposition should cover a set of plant states and events typical of normal and upset plant
operation.

The FDM trees have a structural resemblance to the fault trees used in PSAs. However, the
FDM trees consist of a hierarchy of system goals and functions, while the PSA fault trees
consist of a hierarchy of system and component failures.

4.2 Function Information Analysis

Once all plant functions have been identified in the two function analysis trees, detailed
information is developed to characterize the performance of each function. This information
includes:

identification of the goal to be achieved in performing the function,
performance measures for the function,
entry conditions and constraints,
ongoing constraints,
the set of control actions required, including (if available) alternate control actions for
performing the tasks allocated with the function,

- the preferred sequence of control actions to be performed,
completion criteria,
side effects of performing the function, and
messages and alarms generated by the function.

This information is consistent with the components and information requirements of each step
of the decision-making and control model (described in section 3.3). It also forms the basis for
implementing the control centre man-machine interface.

4.3 Function A llocation

Starting with the equipment level functions, all tasks to be performed within each function are
allocated to man or machine based on task characteristic measures and allocation rules



(described below). This process is performed for successively higher levels of the function
analysis trees to achieve a consistent man-machine allocation. Each allocation will be reviewed
to ensure that information, defined in the function information analysis step, is available in an
accessible form. Crude time-lines may have to be developed to assist in the allocation of some
functions. It is expected that there may be some iteration through previous steps.

Initial function allocations could be based principally on past practice, to limit the effort
required in this step. Hence, the allocation step would consist primarily of checking that the
allocations are reasonable. Note that allocations could be modified based on the results of the
preliminary job analysis (see section 4.6) and the formal design review, at which time this step
would be revisited.

Task characteristic measures are a set of criteria that can be used to characterize the relative
ability of a given implementation (man or machine) for a task. Typical criteria include:

- performance (priority, accuracy, precision, and execution time constraints),
complexity (number and sequence of control actions),
solution flexibility (need for alternative solutions and degree that predefined solutions
can be specified),
information processing and storage,
environmental (sensitivity to inputs and external influences, and tolerance to physical
environmental factors), and
cost (implementation and operational).

Allocation rules are statements that define the preferred assignment of a specific task and/or
function to either man or machine or both for a specific situation. The allocation of functions
by definitive formulae is not practical. There are various reasons for this, ranging from a !ack
of good quantifiable data on human performance capabilities to utilitarian/cost-based and
cognitive issues. Regardless, a systematic approach, based on an understanding of
fundamental man-machine strengths and tempered with a knowledge of system constraints,
should result in sensible and consistent function allocations.

The allocation approach is implemented by applying four categories of allocation rules in the
following manner [14,15]:

1. Mandatory Allocations

All mandatory allocations should be identified and made first. Some functions or tasks
within functions may have to be allocated to man or machine or both to satisfy specific
design, operations or regulatory (e.g., labour codes) principles.

2. Balance of Value

The rules in this category allocate the remaining functions (after the mandatory
allocations) to man or machine based on performance criteria. The relative performance
of each function and its component tasks being performed by man versus machine is
assessed. This assessment is completed by using the task characteristic measures and
the performance capabilities of man and machine for the task, such as those identified
by Fitts [16] and in NUREG-0700 [4].

3. Utilitarian and Cost-Based Allocation

The rules in this category allocate functions based on utilitarian and cost-based
considerations. Utilitarian rules allocate functions to man or machine simply because



the human or machine resource is available, and there are no compelling reasons why
they should not perform the task.

Cost-based rules allocate functions based on the expected cost of implementing the
function and long-term operational support. Usually, the criteria for man or machine
allocation is based on the least expensive option.

4. Cognitive and Affective Support Allocations

This final category recognizes the unique needs of humans. Allocation decisions may
be determined or revised to provide cognitive and affective support for humans in the
system.

Cognitive support refers to the human need for information, so as to be ready for action
(to monitor processes, take control actions, or perform failure diagnostics). The human
must maintain an adequate "mental model" of the plant and its current condition to
perform successfully during plant upsets or emergencies. An additional consideration
for cognitive support is that the man be given sufficient activity to ensure alertness.

Affective support refers to the emotional requirements of humans, such as their need to
do challenging work and be in control. The job definitions for plant operations staff
should be reviewed to ensure that the overall system performance will not be impaired
due to this need.

These rules should be viewed as a reasonable starting point to function allocation, with the
understanding that the detailed decisions still depend on the judgement of system designers,
human factors and operations staff.

4.4 Peer Review

A peer review will be conducted by design, safety and operations staff to provide feedback to
the designers on the completeness and correctness of the function analysis and the function
allocations.

4.5 Preliminary Man-Machine Interface Design

The purpose of this step is to develop a preliminary definition of the man-machine interfaces
for the plant control centres and field stations. This step has been added to the method defined
in IEC 964 as it leads to a more specific definition of MMI interactions earlier in the project.
This reduces the uncertainty in the MMI specification and should reduce the subsequent
implementation effort.

The preliminary MMI design will cover, but not be restricted to, design basis events and will
be performed according to the following sequence of steps:

define the annunciation, display and control interaction display media (CRTs, wall
mimics, etc.) and elements (display templates, bar charts, trend plots, point data, etc.)
for the control centre and field station MMIs,
identify information groupings from the information lists for each function for
presentation in the MMI,

- allocate information groupings to regions in a display media,
assign display elements to the information groupings,
define preliminary displays for each MMI media, and

- review the design to ensure coverage for all design-basis events.
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It is expected that this FDM step will be performed iteratively with the preliminary job analysis
(section 4.6) to ensure overall consistency.

Furthermore, it is expected that the display needs will be met by a combination of functionally
organized displays, system-organized (P&ID-like3) displays, and special displays for
procedures, plant logs, status information and alarm summaries. The full display set will be
defined from the function analysis information. The preliminary job analysis step will provide
a means of testing the completeness and appropriateness of the display set in supporting the
execution of plant procedures.

4.6 Preliminary Job Analysis

This step leads to a preliminary definition of staff jobs, staffing requirements, emergency and
some normal operating procedures, and an assessment of staff workloads for a representative
suite of plant events. For the safety goal, a time-ordered set of functions and tasks is compiled
to mitigate each design basis event; this collection constitutes a preliminary definition of the
Emergency Operating Procedures (EOPs) for the plant.

In a similar fashion, starting from the operational scenario descriptions in the system design
documentation, an equivalent process is performed for the power production functions to
derive a preliminary definition of normal and upset Operating Procedures for the plant.

Preliminary implies only a 'skeletal1 definition of procedures from the initial identification and
lumping of functions and tasks. Detailed definition of procedures will be performed by
operations/commissioning staff later in the control centre design process using the FDM
preliminary procedures as one of the inputs.

For each event, the list of tasks is assembled into jobs for individual members of the operations
staff. These sets of jobs become the preliminary job definitions for operating staff and lead to
the definition of plant staffing requirements.

Once the preliminary job definitions are complete, the corresponding workloads (on humans
and machines) are assessed to ensure the sequence of functions supporting plant procedures
can be achieved. Workloads can be assessed using several means. On a general basis,
operator tasks can be screened to identify situations that require the simultaneous use of
incompatible human sensory, analytic, cognitive, and/or motor resources. Such situations
should be modified to simplify demands on the human. On a specific basis, operator
performance and workload for specific tasks can be assessed using control centre MMI
simulators and preliminary MMI display sets with the assistance of operations/commissioning
staff.

4.7 Formal Design Review

An independent team will perform a formal review of the integrated control centre design
concept. The primary objective is to ensure that the safety and power production goals for the
plant have been achieved, and that the workload for the operations staff is acceptable for all
representative events.

3 P&ID: Process and Instrumentation Diagram.
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4.8 Requirements Hand-Over

This step leads to the transfer of the validated control centre specification and preliminary
design information to the control centre detail designers and the operations/commissioning team
for implementation.

The control centre designers will be given function information and the preliminary MMI
display designs for the subsequent detailed design and implementation of the control centre
man-machine interfaces (annunciation, display and controls).

The operations/commissioning team will be given the function analysis, function allocations,
job descriptions, workload assessments, preliminary procedures and staffing requirements for
the subsequent development of detailed plant procedures, training program and staff
assignments.

5 . BENEFITS OF THE FUNCTIONAL DESIGN METHODOLOGY

The FDM provides a practical means of meeting the requirement to demonstrate that sound
human-factors engineering practice has been followed in the design of the MMI system. The
methodology is applicable to both safety systems and power production systems, including
NSP and BOP, and offers significant benefits:

a means of obtaining early confirmation of the viability of the 'soft' control room
concept for future CANDUs, which differs markedly from earlier designs in its
elimination of conventional stand-up, system-based, panels as the normal means of
plant control,

an opportunity for up-front regulatory acceptance of the control room design process
and concept that should minimize the extent of more expensive human performance
analysis of detailed plant procedures at later stages of the control room design and
commissioning,

- a means of ensuring that the functional requirements and conceptual design of the
control room MMI are clearly established prior to detailed display design, thereby
reducing the risk of detailed design rework and/or system commissioning problems,

- a systematic vehicle for the transfer of display requirements from plant system
designers to detailed display designers, which ensures that high-level information about
control goals and functions, as well as more detailed information about measurements
and controls, is correctly communicated, and

a systematic vehicle for clear communication of system goals and functions, and the
associated display and control features, from the design organization to the operating
organization; this information is needed by the latter group to support the design of the
plant operating procedures for both normal and emergency conditions.

6 . CONCLUSIONS

The role of the human operator has become a prominent factor in the design and operation of
industrial and, in particular, nuclear plants. Major industrial accidents in the last decade have
highlighted the need for paying significantly more attention to the requirements of the human as
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an integral part of the plant control system. This requirement is further emphasized by the
increased attention being placed on the 'human factor' by regulatory and standards
organizations.

We have responded to these evolving regulatory and standards requirements by developing a
methodology for the design of control centres. The Functional Design Methodology leads to a
functional specification of the control centres for CANDU plants, including a preliminary
specification of the man-machine interface design. Application of the method will lead to an
earlier confirmation of the design of the new control centres, thereby reducing the risk of
detailed design rework and/or system commissioning problems. FDM also provides a sound
basis for the verification and validation of the allocation of functions to the operator and the
machine.
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APPENDIX - DEFINITION OF TERMS

This appendix defines terms used in the paper; the definitions supersede those used in IEC
964.

Function
An activity or role performed by man or by automated systems directed towards achieving a
goal. A function may be decomposed into sub-functions, and is without time sequence.
Note: the function is the activity, not the hardware or the goal.

Function Analysis
The decomposition of the overall plant goals (power production and safety) into a
hierarchical arrangement of functions and sub-functions. The purpose of function analysis
is to provide a basis for function assignment to man or machine, job definition, workload
assessment, establishment of staff complements, and definition of the essential information
to support the man-machine interface design.

Functional Design Methodology
A method used to achieve the functional design of a control room. The method consists of:

function analysis (as defined in IEC 964),
- function information analysis,

function allocation,
- peer review (verification),
- preliminary man-machine interface design,

preliminary job analysis, and
formal design review (validation).

Goal
A power production or safety objective.

Job
The full set of tasks assigned to an individual or a group of people. It is generally accepted
that the tasks making up a job should be operationally related and should be coherent with
regard to skill, knowledge and responsibility. The tasks may be technical and
administrative, including communication.

Job Analysis
An analysis of the task allocations performed in the Job Definition to ensure the job can be
accomplished. The preliminary job analysis completed during FDM will be based on
'skeletal' plant procedures. A second job analysis will be performed for selected
procedures late in the design phase once plant procedures are more fully defined. A final
analysis for selected procedures will be done during commissioning, after operating
policies and procedures have been fully elaborated.

Job Definition
The allocation of tasks to individuals.

Operator
This term encompasses all operations staff.

Procedure
A functionally related time sequence of tasks.
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State
An N-dimensional space vector that defines the (current) operating point of the plant.
There is usually the set-point state and the actual plant state.

Task
Actions or collections of actions performed by man or machine to implement a function.

Task Analysis
The detailed description of tasks, in terms of a decision-making and control model.
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