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ABSTRACT

The U.S. LMFBR Man-Machine Interface Program is supportive
to and an integral part of the LMFBR Safety Program. This paper
describes the goal and objectives of the program, and the neces-
sary research and development efforts with a logical structure
for the orderly and timely implementation of the program.
Current status and near-term and long-term priority activities
are also summarized.

INTRODUCTION

Operating experience at nuclear power plants in general and the Three
Mile Island accident in particular have highlighted the need to assure that
the interaction between a nuclear power plant and the operators is at least as
reliable as the systems and structures of the plant. The U.S. Fast Reactor
Safety Program has formulated the Man-Machine Interface (MMI) Program to

(1) monitor the man-machine interface efforts in the light-water-
reactor industry and non-nuclear industries,

(2) assess their applicability to LKFBRs, and
(3) develop additional LMFBR-specific technology.

An overall plan has been developed to provide a logical structure for the
orderly execution of the research and development activities in the MMI area,
set priorities for individual tasks, and outline near-terra and long-term plans
for timely implementation of the prograra[l]. This paper first describes the
structured program and then summarizes recent results and future directions.

* Representative of Westinghouse Advanced Reactors Division
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THE PROGRAM

The overall goal of the Man-Machine Interface Program Is to:

Enhance the operational safety of fast breeder reactors by
optimum integration of men arid, machines and by application
of the principles of human-factors engineering to the design
of equipment, systems, facilities, operational aids, procedures,
and environments.

Optimum integration includes definition of proper roles for men and
machines in all aspects of plant operations, taking into account both mental
and physical human factors.

Work supporting this overall goal is organized according to a work break-
down structure illustrated in Fig. 1. The six major categories of tasks are:

Technology Survey,
Operations Personnel,
Control Scope and Strategy,
Operational Systems,
Plant Control Complex, and
Research and Development Integration.

Each of these major categories has been subdivided Into second- and third-
level subtasks, and specific work packages have been identified under the
third-level subtasks.

The objective of the first category, Technology Survey, is to review the
broad MMI technical data base available in nuclear and non-nuclear industries,
including guides, codes, and standards. The purpose is to evaluate their
applicability to LMFBRs, make recommendations for proper application or
modification for LMFBRs, and identify new requirements and development needs
specifically for LMFBRs. This survey also provides a basis for planning
detailed efforts in all other tasks, avoiding unnecessary duplication of
efforts.

The second major category of MMI tasks Is Operations Personnel. The " .
operations personnel is an integral part of the LMFBR control system, perform-
ing complex functions such as plant system control, plant equipment inspection
and maintenance, plant supervision and management. To determine the optimal
man-machine interface for LMFBRs, it is necessary to understand and quantify
the operations personnel's abilities, and means to improve these abilities, to
reliably perform the required functions in all modes of plant operation. This
task Is to:

Develop data base and models of the operations personnel
and evaluate and improve human performance and reliability.

Establish personnel selection and qualification criteria
and provide training guidelines, and

Develop guidelines for contents and formats for operating procedures
and for record keeping. •
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Figure 1. - U.S. LMFBR Man-Machine Interface Program Structure

Further details of the work breakdown structure are presented in Figure 2.

The third category of activities, Control Scope and Strategy, evaluates
all possible situations in which the KMI could be challenged, identifies
favorable characteristics and design Features, and develops control strategies
with optimum allocation of responsibilities between men and machines as well
as between local and centralized control systems. This task is to:

Identify the plant systems, operations, and possible accident
initiators and sequences, including human interventions,

Specify the potential requirements for control and protection
functions, and

Identify plant design features that minimize demands on operators
and protection systems.

Develop optimal control strategies and control-system
architectures.

A detailed work structure is presented in Figure 3.
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Figure 2. - Operations Personnel Work Breakdown Structure

The subjects of the fourth development category, Operational Systems, are
the information collecting and processing systems associated with operation
and control of a plant, but are not necessarily control systems themselves.
The output from these systems can be displayed to the operations personnel for
proper action or directly linked to control and protection systems if fully
automatic operation is desired. The accuracy, completeness, and timeliness of
this information are of vital importance to operational decision making. This
task is to:

Identify the required data for equipment, process, and
environment status monitoring, and develop techniques
for data acquisition and data validation to provide adequate
information for plant control,

Develop requirements, concepts, and methods for effective
diagnosis of plant conditions,

Develop requirements, concepts, and methods for reliable
prediction and safe control of plant conditions in normal
operation and off-normal events, and

Develop criteria and techniques for display, alarm and cosraunication
of plant status information to enhance the operator's cognizance and
perception of the plant condition.

A detailed structure of this very important section of the program is
presented in Figure 4.
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Figure 3. - Control Scope and Strategy Work B>v udown Structure

The fifth major category, Plant Control Complex, addresses the control
rooms and facilities that provide the primary interface between man and
machine. This task is to:

Specify requirements on the location and configuration of
the control rooms and attendant facilities to enhance the
performance of the plant operations personnel,

Specify requirements on control consoles such that operator
performance in comprehension of plant condition and his
reaction to prevent of terminate accident events are Improved,

Specify criteria and requirements on total Information display
such that the operator's perception, recognition, and diagnosis
of plant condition, his ability to detect incipient events, to
monitor their progressions, and to terminate off-normal events are
improved, and

Specify criteria and requirements for plant internal and external
communications.

The work structure of this section Is presented in Figure 5.
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Figure 4. - Operational Systems Work Breakdown Structure

The sixth program category, R&D Integration, is to ensure that the R&D
activities are collectively responsive to the goals of this Program and that
the available resources are distributed properly. The major subtasks of this
category are:

Develop integrated testing methodology, perform integrated
testing, evaluate the results and maintain a MMI technology
data base,

Provide support to LMFBR projects and disseminate information
on MMI aspects for plant design, licensing, and operation, and

Perform 1-C-lI program planning, prioritization, resource
allocation, contractor coordination, and other technical
management functions.
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Figure 5. - Plant Control Complex Work Breakdown Structure

PROGRAM IMPLEMENTATION

An essential part of the program Is effective learning from operating
experience to identify MMI areas where significant safety improvements are
possible and cost-effective. This evaluation of operating experience has led
to a number of general guidelines for design and operations. For example, a
study of fourteen major core damage accidents that have occurred worldwide has
identified eleven major problem areas and 56 specific recommendations for
avoiding such probleras[2J. Heeds to strengthen safety feature interlocks,
increase the number and ranges of measured variables, automatic validation of
signals, inmedlately rapair erratic signals and degraded components, improve
cognizance, procedures and design for shutdown and maintenance situations,
improve diagnostic aids, training, attitudes, procedures and communicat ions
can all be derived from this study. Although much Improvement has already
been done since the occurrence of those events, this study and continued
similar evaluations provide

— guidance for classification of human-errors,

— guidelines for reducing human errors in design. Installation,
inspection, operation and maintenance

— identification of potential areas for Improvement by Increased or
reduced operator Intervention In response to transients

guidance for prioritization of MMI development tasks



Several surveys of light-water-reactor (LWR) MMI activities have also
been completed in order to identify LMFBR-specific issues and tasks. Advanced
computers, safety parameters and inoperable status display system concepts may
be useful for LMFBRs as well as LWRs. However, the breeder program has the
opportunity from the very beginning to design complete plant control and
protection systems based on fundamentally different, extensively automated
reasoning systems rather than develop "add-on" operator aids for existing
plants.

Results of the MMI-R&D efforts to date include the development of an
automated work control system, to control the readiness, bypass, and
maintenance status of plant equipment and systems[3]. This system provides
plant operators with realtime Information as to which plant components and
systems are unavailable because of maintenance operations. It also provides
information on the functional and logical relationships among equipment, plant
subsystems, and plant safety functions. It is designed to enable plant
operators to make well-informed decisions on when to change the operational
condition of the plant, or to Initiate or allow maintenance activities. This
system (MIDAS) is being tested at the Fast Flux Test Facility to demonstrate
the safety improvement provided by such systems.

Work on decision making techniques and plant control concepts continues
with a development of a Procedure Prompting System ("Instruction Generator")
foi controlling state-to-state transitions of a plant, taking into account
available safe operating modes of the plant, the allowed configurations of
engineered systems in each mode and the operability and status of all
equipment[3]. The output consists of on-line updated serial Instructions for
placing the plant in an acceptable state.

In the area of plant surveillance, a time-series signal processing
approach has been applied to neutron flux, coolant flow and coolant
temperature signals for LMFBRs In real situations, In computer-simulated
situations, and in scale model water tests[4]. These signal analyses show
promise of providing advanced warning of system malfunctions.

Another recent study has established, for future large LMFBR plant,
safety functions and the optimum set of parameters that should be displayed to
plant operators for the purpose of monitoring plant safety status and
initiating necessary corrective actions[5J. Critical plant safety functions
were first identified as (1) reactivity control, (2) heat removal, and (3)
containment integrity. Complementary selection processes based on Duty
Cycles, Design Basis Events and risk assessment event-trees were applied to
the safety functions and safety parameters to minimize the number of
parameters while still achieving completeness. Safety vectors which provide
effective transmittal of the information content in the fundamental safety
parameters are being developed. Both an analytic formalism for combining
safety parameters and CRT displays for the vectors are employed.

Work continues with the evaluation of possible accident sequences,
including correct, incorrect, missing and extraneous human actions
contributing to accident initiation and progression. Operator reliability
modeling is also being performed for selected operating procedures with high
operator Involvement. The model involves decision analysis techniques"
Imbedded in fault tree and event tree formalism. Information Flows in LWR
plants are being reviewed and classified to determine operator roles and
control strategies, and their applicability to LMFBRs[6]. This effort is a



necessary predecessor to modeling operator functions, optimizing crew
structures, and identifying the functions and requirements of plant control
and protection systems. Long-term tasks in the LMFBR MMI program also include
development of optimal information flow systems, disturbance analysis systems,
new control strategies and control system architectures.
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