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SUMMARY

A knowledge-based expert system that uses the Generic Task Approach is
being developed to serve as an Operator Advisor in the control room of a
commercial nuclear power plant. Having identified the broad scope tasks
performed by an operator in responding to abnormal plant conditions, our
research team has modularized the Operator Advisor according to the tasks of
(1) monitoring plant parameters, (2) classifying or diagnosing the abnormality,
and (3) planning for execution of the procedures for recovery. The Operator
Advisor uses the Perry Nuclear Power Plant full-scope simulator as the
reference system, and is currently being prepared for direct connection to the
simulator.

INTRODUCTION

A four module, knowledge based Operator Advisor is being developed. The Operator
Advisor will be installed on a full function plant simulator during the current project year.

The Operator Advisor consists of an intelligent database to provide the interface between
the expert system and the nuclear power plant computers. A Plant Status and Monitoring
System (PSMS) continuously monitors the data in the database for changes in state that
map to potential and actual threats to plant safety.

If a potential threat is detected, PSMS directs a Diagnostic and Sensor Validation System
(DVS) to diagnose the abnormality and determine its root cause.

If an actual threat is detected, PSMS directs a Dynamic Procedure Management System
(DPMS) to provide the reactor operators with the necessary procedures to mitigate the



consequences of the threat. DPMS monitors the reactor operators performance of the
procedural steps, and provides backup steps to be taken if any single step should fail.

The DVS and DPMS sub systems have been developed using the Generic Task Approach
developed by The Ohio State University Laboratory for Artificial Intelligence Research.
This approach uses the concept that knowledge and its application are closely related.
Thus a development tool for diagnostic evaluations, as is done in DVS, and another
development tool for planning, as is done in DPMS, aid the knowledge engineer in
organizing his knowledge and assuring the most appropriate inference methods.

The Operator Advisor uses the Perry Nuclear Power Plant, a General Electric BWR/6, as
the reference plant. The knowledge base is filled with plant observables that can be
regularly updated from plant sensors. Procedure steps are "taken directly from plant
approved procedures. Currently, the Operator Advisor is then tested in an off line
operating mode using the Perry plant referenced simulator.

The Operator Advisor has been developed in a Xerox Interlisp D environment. This has
been an excellent development environment, but we have recognized from the beginning
that it is not a viable delivery environment. Consequently, we are currently moving to a
Sun 4/2S0 environment. This work station was selected for three primary reasons: (1)
Tne Sun machines are sufficiently hardened for operation in a plant environment, (2) the
Sun work stations are acceptable to plant personnel, (3) the Xerox development
environment has been ported to the Sun work stations, and (4) it has the speed and
multitasking capability necessary to permit the Operator Advisor to operate in real time.

A major task during the current project year will be to interface the Operator Advisor
operating on the Sun 4/280 to the Perry simulator Gould 32/77 computers. A one-way
serial link has been selected for this connection. This link will permit the passing of
about 500 data points per second from the simulator to the Operator Advisor. Even
though more data will be required when the Operator Advisor is installed on the actual
plant, this data rate will be sufficient to thoroughly test, verify, and validate the prototype
system.

Operation of the Operator Advisor is being verified in an off-line mode at the present
time. Once installed on the Perry simulator, verification activities will be able to proceed
at a much faster rate on line.

Also, once the Operator Advisor is running on line, reactor operator interaction with the
system will be facilitated. This will serve to validate the Operator Advisor, and will
provide the basis for design of the man-machine interface. A goal for the initial testing
of the Operator Advisor is to have reactor operators use it during some of their training
on the simulator.

This paper will detail the application of the Generic Task Approach to development of
the Operator Advisor, the Verification and Validation Program, and the planned
installation of the Operator Advisor on the Perry simulator.



GENERIC TASKS

In the last several years, an approach to the solution of knowledge-based problems has
been developed at The Ohio State University Laboratory for Artificial Intelligence
Research (LAIR) based on the premise that knowledge and its application are closely
related (1). This is known as the Generic Task Approach. Each generic task is
characterized by

1. The specific kinds of input data required for its solution,
including Lhe data developed as a result of performing the task,

2. The method required to characterize (represent and organize) the
knowledge needed to perform the task, and

3. The problem solving process used to complete the task.

Language have been developed for several generic tasks that' have been identified. Each
language encodes both the problem solving strategy and the knowledge necessary for
solving problems of that type. These languages then provide the developer with tools that
work at the level of the problem to be solved, rather than at the level of the machine or
the underlying LISP software (2).

The generic tasks that have been identified for which languages have been developed at
LAIR include:

Hierarchical Classification: The Conceptual Structures Representation Language (CSRL)
is the tool used to classify knowledge in a hierarchical organization (3). This tool is
particularly useful in diagnostic applications.

Plan Selection and Refinement: The Design Specialists and Plans Language (DSPL) is
the generic task tool applicable to procedural applications (4).

Knowledge-Directed Information Passing: An Intelligent Database Language (IDABLE)
was developed to support other tasks requiring management of large amounts of input
data. (Note that later in this paper we will discuss another intelligent database developed
specifically for the Operator Advisor.)

Hypothesis Matching: An Hypothesis Matcher (HYPER) has been developed, somewhat
as a subset of CSRL, to match hypotheses in an hierarchical representation of evidence
abstractions.

Hypothesis Assembly: PEIRCE (5), the tool developed for this task, is used in
constructing composite hypotheses to account for some sets of data.

The Operator Advisor uses CSRL in the Diagnosis and Sensor Validation module, and
DSPL in the Dynamic Procedure Management module.



SPECIFYING TASKS FOR OPERATOR ACTIONS

The first task in development of the Operator Advisor was to conduct a generalized task
analysis of the actions performed by reactor operators during nuclear power plant
operations, and specifically when they respond to abnormal plant conditions (6,7). This
analysis resulted in the identification of several high level tasks, which are to:

1. Monitor and comprehend the state of the plant.

This task is usually performed in the background. That is,
operators are usually busy with several conirol room duties such
as working with maintenance personnel. Actual- monitoring is
done by the plant instrumentation and alarm systems. During
power changes or evolutions involving the starting or changeover
of equipment, operators must directly observe parameters and
identify whether the evolution is progressing normally.

2. Identify normal and abnormal plant conditions.

During normal steady state operations, reactor operators are able
to perform several responsibilities. When an alarm sounds,
operators change tasks, identify the abnormal condition causing
the alarm, and respond to the alarmed condition. During normal
transient evolutions, operators will identify normal and abnormal
conditions by direct observation as well as by alarm response.

3. Diagnose abnormal conditions.

When an abnormal condition is identified, operators must
determine the underlying reason for the condition in order to
appropriately respond as effectively as possible. In some cases,
they must respond independent of the cause of the abnormality
in order to maintain the safety of the plant,

4. Predict plant response to specific control actions they plan to
take in response to diagnosed abnormal conditions.

Prior to taking an action, operators anticipate the expected result.
That is, for example, if a pump has tripped, they have an
expectation that starring a standby pump will restore pressure to
the system discharge header. They also anticipate the next
action that will be required should the standby pump fail to
stan.

5. Then select and implement the best available control action to
mitigate the abnormal condition, and monitor the results of that
action, and



6. Determine backup control actions in the event of a failure of the
primary action.

MODULARIZING AN OPERATOR ADVISOR

The reactor operator tasks were reviewed and it was determined to initially develop two
knowledge-based systems.

One system was designed to perfonn the diagnosis task identified in Item 3 above. This
system had the additional functionality of performing sensor validation (8).

A second knowledge-based system was designed to provide - procedures for the reactor
operators to use to mitigate the consequences of abnormal conditions. This system also
monitors the performance of the procedure and provide alternate methods to accomplish
individual procedural steps should the primary step fail (9).

Later, it was determined to combine these two systems into a single system that would
serve as an Operator Advisor. Tne diagnostic expert system and the procedure
management expert system thus became the cornerstones of a larger system that was
expanded to include four total modules.

To combine the systems, two additional modules were developed. One of d:<;se was an
intelligent database (10), and the other was a plant status monitoring system (11).

The four modules, or sub-systems, of the Operator Advisor are:

An Intelligent Database

Tne Database is the link between the Operator Advisor and the power plant. It collects
data from the plant and formats the data for use by the other sub-systems. The Database
is accessible by all Operator Advisor sub-systems. If necessary, data in the Database may
be altered by the sensor validation function.

The Database holds data that doesn't require reasoning. Examples include raw or
processed parameter data, such as pressures and flows, component state data such as
whether a pump is on or off, and certain response data such as if a pump trips, the
standby pump (if available) will start on low discharge header pressure.

Plant Status Monitoring System (PSMS)

The Plant Status Monitoring System is the primary link between the Database and the
other Operator Advisor sub-systems. The PSMS monitors data in the Database, identifies
deviations from normal operating parameters, performs simple diagnoses, and initiates the
activities of the other sub-svstems.



Diagnosis of abnormal conditions is performed in accordance with the following

categories:

1. Those conditions that threaten safety goals or critical safety
functions (12), which are implemented as the entry conditions
to the Emergency Operating Procedures,

2. Those conditions which have been previously identified as
Abnormal Events, and that, can be defined by their entry
conditions to the Abnormal Operating Procedures,

3. Those conditions that are identified by simple alarm conditions,
and

4. Those pre-alarm conditions that represent potential for escalating
to abnormal conditions as defined in 1, 2, and 3 above.

Once PSMS has activated another sub-system, it continues to monitor the status of the
plant in case another malfunction occurs.

Dynamic Procedure Management System (DPMS)

DPMS is initiated by PSMS if PSMS identifies a specific procedure to be followed. This
procedure is likely to be an Emergency Operating Procedure (EOP), an Abnormal
Operating Procedure (AOP), or an Alarm Response Procedure (ARP). The identification
of these procedures in PSMS is by simple pattern matching of entry conditions.

Given a diagnosis provided by PSMS, DPMS provides a procedure for the Operator to
follow, monitors the Operator's success and progress in completing the procedural steps,
and provides backup procedures should any step fail. Thus, PSMS includes the
knowledge of how each procedural step relates to the safety goals for the nuclear power
plant.

PSMS and DPMS inter-relate to maintain a distinct set of critical safety functions that
dominate the reasoning in the Operator Advisor. In plant operations, the concept of
critical safety functions is implemented through the industry adopted Emergency Procedure
Guidelines (EPGs) and the corresponding EOPs.

The Operator Advisor defaults to provide guidance to the reactor operators to perform the
EOPs at any time an entry condition is detected. If another procedure is being
performed, such as an AOP or an ARP (known together as Event Procedures), then that
procedure is suspended so the EOP may be performed.

Diagnostic and Sensor Validation System (DVS)

DVS may be initiated to confirm the diagnosis of PSMS, to determine the root cause of
an abnormal condition, or to determine what fault exists if a deviation from normality is
detected by PSMS without determination of a specific procedure for DPMS to follow.



DVS has the ability to identify plant malfunctions based on pre-alarm conditions existing
among plant parameters such as flow rates, temperatures, pressures, and levels.

A V&V PROGRAM FOR THE OPERATOR ADVISOR

The Verification and Validation (V&V) of expert systems is different from that of
conventional software because both the knowledge base and the coding must be
considered. Since expert systems are normally built with a prototyping (or rapid
prototyping) process, as has our Operator Advisor, the V&V effort must be initiated early
in the development process. Then, as the knowledge base expands, V&V must be
continually repeated.

We have performed the V&V function during our earlier development work by comparing
the operation of the Operator Advisor to the sequence of events that occur.on the Perry
simulator following initiation of an hypothesized malfunction. However, this process has
not been effectively formalized, it has not included sufficient involvement from the plant
operators, and it has not been done with • the Operator Advisor receiving continually
updated data from the simulator (that is, the Operator Advisor has not been on line at the
simulator).

In this context, we have concentrated on the Verification side of the V&V equation. We
have verified that the results of the expert system analysis arc correct relative to the input
parameters, and the emphasis in these efforts has been on DVS. We have not determined
whether the results will be available Ln a format or in a time frame to be of use to the
operators.

In our current efforts, we are moving to correct these deficiencies, and to follow general
guidelines for V&V of expert systems recently published by EPRI (13).

V&V includes verifying that the Operator Advisor performs according to the design
specifications as summarized- in several of our publications (8,11,14). It also includes
validating that the system actually helps the human operators to perform their duties.

To effectively V&V the Operator Advisor, it will be necessary to expand the number of
systems and malfunctions monitored by the Operator Advisor, and to increase the
involvement of the plant operators in the testing process.

The Operator Advisor development to date has concentrated on the plant feedwater system
to validate the feasibility of the approach. For implementation of the system at the plant
site, the knowledge base will be expanded to include additional systems and additional
malfunctions. This task, which expands the utility of the Operator Advisor, is proving to
be an effective means of bringing new team members on board It introduces them to
each aspect of the expert system, and enables them to rapidly gain expertise in the
operation of a small portion of the nuclear plant as they learn how to succinctly organize
their thought processes.

Development of this type system involves the hypothesis of malfunctions, or the
hypomesis of malfunction scenarios. As each scenario is outlined and entered into the
knowledge base, it is tested on the simulator to V&V the correctness of the knowledge



base (database contents), and correct operation of the diagnosis and procedure
management systems.

A future part of the process wiil include monitoring of human operator performance as
tasks are performed with and without the Operator Advisor. Results of this analysis will
be used to improve the Operator Advisor and the man-machine interface.

Only by testing a large number and variety of scenarios can we verify that the Operator
Advisor works properly under all design conditions. Likewise, it is only through
extensive running of scenarios that we can validate the Operator Advisor's ability to
actually help the human operator perform his duties.

Other tests will be performed that check the programming by assuring that each and
every node in the Operator Advisor properly fires when the appropriate conditions are
simulated. This is the only possible exhaustive test.

Another concern we have about implementing an effective V&.V process is in eventually
achieving regulatory approval. ' This : effort"' actually began when we first started
developing the individual modules for the Operator Advisor when the initial objectives for
the system were specified. Verification that the system operates according to these
specifications has occurred as off line, tests have been run using the Perry simulator.

As we enter the implementation phase, the V&V process requires further formalization as
previously stated, and the validation phase must be initiated. Since the Operator Advisor
is expected to provide high level conclusions and recommendations to the human
operators, it is expected that the V&V process will need to follow the more rigorous
NRC guidelines normally reserved for systems such as the reactor protection system.

Success in obtaining regulatory approval will depend on the quality and integrity of the
V&V process. To maximize the probability of success, we expect to follow the life cycle
V&V process detailed in EPRI NP-5978 (13). To this end, we arc currently developing
detailed design and software specifications. These specifications will be used as the
Operator Advisor is expanded and further testing is performed.

We anticipate that most V&V efforts can be completed on the plant simulator, including
integrity checks, integration tests, acceptance tests, and field modification tests. However,
we recognize that plant specific simulators do not model all plant components and control
actions, that those modeled are not always of perfect fidelity and that additional
modifications will be necessary for installation on the actual plant. Thus, in anticipation
of regulatory approval, a plan will be formulated to modify the code and to V&V these
modifications for the installation phase.

INSTALLATION ON A FULL FUNCTION PLAxNT SIMULATOR

Installation of the Operator Advisor on the Perry simulator involves the interfacing of the
Sun 4/280 expert system work station with the two Gould 32/55 minicomputers that
perform the simulation process.



One Gould computer controls all analog and digital I/O operations with the simulator
hardware. The other computer performs calculations according to the specified simulator
scenario. The two computers are connected with a high speed data bus.

In addition to the two computers used to control the simulator, a Gould 32/77
minicomputer is used to run the simulated implementation of the Perry safety parameter
display system supplied by General Electric, the Emergency Response and Information
System (ERIS), as well as all other diagnostic software. The Gould 32/77 receives data
from the simulator computers through shared memory. Approximately 250 analog inputs,
250 analog outputs, and 1000 digital signals from the plant simulator are stored in a
common area of memory.

A serial communications interface has been selected to connect the Gould 32/77 and the
Sun 4/280 computers for several reasons:

1. Because of the vintage, of the Gould.: ' minicomputers,
ETHERNET or IEEE-488 "protocols are not cost effective.

2. All variables required by the Operator Advisor can be
transmitted between the computers using an acceptable amount
of system resources on each machine.

3. Data transmission frequency can be less when dealing with the
simulator compared with the power plant computers since
simulator data will be less noisy. This is due to the fact that
simulator data is computed rather than interpreted from sensor
data. A faster interface may be necessary when the Operator
Advisor is moved to the plant computer.

4. Software for performing serial communications between the two
computers can be developed rather easily.

5. Fewer variables will be received from the simulator than from
the actual plant because the whole system will not be modeled.

Communications software is currently being developed to control the flow of data, to
assure the maintenance of data integrity, and to transfer binary data packets in a logical
sequence.

The data will be transferred across a.one-way link to assure that the expert system will
not interfere with the operational integrity of the simulator.

CONCLUSIONS

A modular knowledge-based Operator Advisor using the Generic Task Approach has been
described. The Operator Advisor is comprised of four modules which perform the
functions comparable to those performed by reactor operators of monitoring plant data,
diagnosis, and procedure



A key step to the Verification and Validation process is to facilitate reactor operator
involvement through installation of the Operator Advisor on a full function nuclear power
plant simulator.

Plans for installation of the Operator Advisor on the Perry Nuclear Power Plant simulator
are presented with expectations of completion within the coming year. Following
installation, plans are being made to involve the plant operators in use and testing of the
Operator Advisor for up to one full year. This extended experience by plant operators is
not only important to the V&V process, but is expected to also lead to design
modifications and to be a significant factor in the man-machine interface development.

The ultimate goal of the research described in this paper is-to obtain NRC regulatory
approval and subsequently install the Operator Advisor on a nuclear power plant.
Significant to this objective and also to the V&V process is the development of detailed
design and performance specifications by which the NRC can benchmark regulatory
requirements.
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