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ABSTRACT

During the past two years, two prototype knowledge based systems
have been developed at The Ohio State University. [1-3] These systems
were the result of collaboration between the Nuclear Engineering Program
and the Laboratory for Artificial Intelligence Research (LAIR). The
first system uses hierarchical classification to diagnose malfunctions of
the coolant system in a General Electric Boiling Water Reactor (BWR).
The second system provides a plan of action, through a process of dynamic
procedure management, to stabilize the plant once an abnormal transient
has occurred.

The objective of this paper is to discuss the structure that has
been designed to integrate the two systems. The combined system will be
capable of informing plant personnel about the nature of malfunctions,
and of supplying to the operator the most direct corrective procedure
available. Two important features of the integrated system are faulty
sensor detection, based on malfunction context and unlike sensor data,
and procedure management based on the initial state of the plant.

Since the two knowledge based systems were developed separately, the
integration has required a separate component currently under
development, the Plant Status Monitoring System (PSMS). The task of PSMS
is to monitor plant parameters in order to detect an abnormal condition
developing within the plant. Based on the nature of the event, PSMS is
capable of directing control to either the procedure management or
diagnosis component.

The integrated system plays only an advisory role, and any sugges
action would be executed by the plant personnel.
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INTRODUCTION

Over the past two years, two knowledge based systems have been
developed at The Ohio State University through the joint efforts of the
Nuclear Engineering Program and the Laboratory For Artificial
Intelligence research (LAIR). These systems are known as the Dynamic
Procedure Management System (DPMS) and the Diagnosis and Validation
System (DVS).

The DPMS is capable of developing a corrective plan of action for
any malfunction that may occur in the coolant system of a Boiling Water
Reactor. [1]

The task of DVS [2,3] is to localize the source of a malfunction to
a specific component or subsystem of the reactor. DVS also validates any
of the data used to make the diagnosis.

An ideal system would be able to perform these functions as a single
unit, so the scope of the current project work concerns itself with the
task of integrating the two independently operating systems. To achieve
the integration, it was necessary to develop two additional components:
the Plant Status Monitoring System (PSMS), and an interactive System
Database. • .

The function and structure of PSMS and the System Database are
described in this paper. The combined system will be structured as shown
in Figure 1.

The integrated system is being designed to interface with a specific
existing plant system, namely the GEPAC Plus System designed by General
Electric. An alternate data source would be the plant process computer
plus a strictly SPDS system such as the General Electric Emergency
Response and Information System (ERIS). The objective of using one of
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Figure 1. Integrated Operator Aid Expert System.



these two data sources is to provide some pre-processing of the data, to
save processing time that otherwise would have to performed by the expert
system, and to avoid having to add large numbers of sensors to an already
heavily instrumented plant.

Testing of the expert system is being accomplished by using data
from the Perry Nuclear Power Plant. Perry procedures, plant statuses,
and transient analyses are being used for the knowledge base. The
simulator i3 operated and hard copy of the simulator runs is analyzed.
If necessary, the expert system knowledge base is modified to assure the
expectations are the same as the simulator results.

DIAGNOSIS AND VALIDATION SYSTEM

The function of the Diagnosis and Validation System (DVS) can be
divided into two parts. The diagnosis subcomponent performs the task of
identifying the primary cause(s) of an abnormal plant state. The sensor
validation subcomponent validates/rejects any suspicious data encountered
during diagnosis. Ideally, the identification process will be able to
localize the malfunction source down to a component level, where
component therapy will be executed.

If suspicious data i3 encountered, DVS performs a context analysis
of this data, determines what the correct data should be, changes the
values in the System Database, and runs another analysis to determine the
specific malfunction that has occurred. [4]

DVS normally will be run whenever a fault is detected by PSMS.

DVS has been written using a tool known as the Conceptual Structures
and Design Language (CSRL). [5] CSRL performs the hierarchical
classification process using an establish and refine strategy specific to
diagnostic reasoning. It is one of the generic task tool kits developed
at The Ohio State University. [6] In the generic tasks approach, the
representation and organization of the knowledge follows the function of
the task, and the control or inference strategy is specific to it.

DYNAMIC PROCEDURE MANAGEMENT SYSTEM

The Dynamic Procedure Management System contains a library of plans
that provide procedural guidance to the reactor operator to recover the
plant from a malfunction or to maintain the safety goals within the
plant. This component is triggered at the request of PSMS and is able to
synthesize a procedure based on the information provided by PSMS. (This
component of the expert system was referred to as the Procedure Synthesis
System in previous reports.)

Since DPMS was initially designed to operate independently of a
diagnosis system, it was necessary for it to perform a limited fault
diagnosis. Thus certain abnormal events could be detected by DPMS. This
function has been removed from the present version of the program since
all detection and initial diagnosis will be done by PSMS in the combined
system. However, DPMS will continue to monitor the results of actions
taken by the operator to determine if they have been successful in their
intent. This will be performed automatically if the data are available
from the plant computer. Otherwise, DPMS will wait for the operator to
input the data.

DPMS has been reorganized based on the generic tasks approach and
coded using a subset of the generic task tool kit known as the Design
Specialists and Plans Language (DSPL). [7]



Sometimes, due to insufficient available data, the identification
process may be able only to localize the failure source to a plant
subsystem. In this case, DPMS maintains one (or more) of the safety
goals that would be threatened by the malfunction identified by PSMS or
DVS. That is, DPMS will display a procedure that maintains a set of
parameters that assure the plant is in a safe condition. If no safety
goals are being threatened, then DPMS will wait for additional analysis
to be completed by DVS. The assurance that these parameters are in their
normal range will assure maintenance of the plant safety goals. [8]

In all cases, if an entry condition to the Emergency Operating
Procedures (EOPs) as defined by the Emergency Procedure Guidelines (EPGs)
is exceeded, DPMS will default to the appropriate EOP(s) to provide
actions to the operator based on the symptoms detected rather than any
perceived specific malfunction or event.

PLANT STATUS MONITORING SYSTEM

The main component involved in the integration of the two previously
developed components is the Plant Status Monitoring System. PSMS
continually monitors a plant database, and detects abnormal plant
transients. All of the sensors are monitored at some time, according to
a predetermined schedule. Certain critical parameters, however, may be
monitored more often. The critical parameter set includes the entry
conditions for the Emergency Procedure Guidelines which establish the
safety goals, the events identified in the Final Safety Analysis Report,
and the events defined in DPMS.

Once an abnormal state is detected, PSMS performs the first level of
decision making by instructing which component should be executed first.
This decision making is based on the abnormal events classification of
the plant. For any malfunction, PSMS must be able to operate in one of
three modes:

1. Response to direct indications of plant changes that
can be resolved by simple actions.

2. Response to changes in plant status where parameters
are outside of normal ranges, but alarms or
conditions do not' satisfy entry conditions to one of
the alarm response instructions or an event
procedure.

3. Response to multiple alarms/sensors indicating that a
safety goal is being threatened.

The first mode of operation is where an alarm(s) and/or sensor(s)
gives a direct indication of a malfunction. That is, if the alarms and
sensors satisfy all the entry conditions of one of the abnormal events
defined in DPMS, then the corresponding corrective procedure from DPMS is
suggested to the operator. In this case, diagnosis initially is
performed in PSMS by using the multiple alarms and sensors. DVS will
also be executed concurrently to confirm the preliminary diagnosis and to
sense the possibility of multiple failures.

Another directly indicated event is when an alarm has been
activated, but no sensors are out of their "normal" range (e.g. a
component cooling pump trip alarm occurs, and the temperature of all
cooled components remain normal for a few minutes). In these situations,
no diagnosis can be performed by DVS until the effects of the malfunction
detected by the alarm are sensed by parameters measured elsewhere in the
plant, which could be minutes or hours later. To avoid eventually



entering ono of the more complicated abnormal event procedures, PSMS
should directly invoke the Alarm Response Instructions (ARI) which will
be stored within PSMS.

A second mode of operation occurs when no alarms are initiated, but
there are sensor3 indicating outside their normal range of operation. In
this case, the state of the plant does not satisfy the entry conditions
of any PSMS abnormal event, alarm response procedure, or emergency
operating procedure. Thus, diagnosis is required.

If DVS is able to identify a single malfunction, then it will
provide a direct instruction to DPMS to execute. If DVS determines that
multiple failures have occurred, control will return to PSMS which will
direct DPMS to display corrective procedures for the diagnosed failures.
If DVS is unable to determine the malfunction source, then PSMS will
direct DPMS to maintain the highest level safety goal that is threatened.

An example of thi3 latter type of response is that PSMS detects a
low feedwater flow rate for the existing plant steady state operating
conditions. Because of an earlier controller failure, the feed pumps are
being operated in manual. A valve that recirculates water to the hot
surge tank (or to the condenser in plants other than Perry) drifts open
and its limit switch detecting full closed sticks, thus precluding a
signal that the valve has moved off its seat being provided to the
computer.

PSMS will direct DVS to diagnose the problem of low feed flow.
Without sufficient data to determine the cause of the Ios3 of feedwater
flow, control will return to PSMS which will direct DPMS to display a
procedure to the operator for manually increasing feedwater flow.

If the limit switch breaks loose, or if there i3 a flow sensor in
the recirculation line, then DVS will be able to identify the event and
provide this information to DPMS. DPMS may then direct the operator to
stabilize feed flow while closing the recirculation valve.

The final mode of operation is when there are multiple
alarms/sensors indicating that a safety goal is being threatened. (Note
that the EPGs are procedures designed to maintain the safety goals of the
plant, and safety goals are different from the abnormal events described
earlier.)

At this point, the procedures stored in DPMS (EOPs) are displayed.
For this malfunction type, PSMS must freeze the set of data just prior to
initiation of the EOPs. Diagnosis is then initiated on these data. The
data must be frozen because the DVS is not able to detect whether the new
state of the plant is due to a malfunction or to a corrective action.
Work is continuing to resolve thi3 difficulty.

In thi3 case, if the malfunction can be identified by DVS, at the
component level, then DVS will inform PSMS and DPMS so that direct action
can be determined to correct the initiating malfunction. The data can
then be unfrozen, and PSMS can return to its normal monitoring routine.

In the mean time, DPMS will have begun execution of the procedure(s)
to protect the threatened safety goal. Both the corrective procedure and
the EOP(s) will then be executed in parallel, with the EOP having
precedence when conflicting actions require. If the component procedure
i3 executed successfully, and it is determined interactively by PSMS and
DPMS that the conditions which had threatened the safety goal have
cleared and the safety goal is no longer threatened, execution of the
EOP(s) can be discontinued. A recommendation for this discontinuance
will be provided to the operator for his decision while tracking of EOP
performance continues.



In all of the above cases, the DVS can do the tasks of confirming
the partial diagnosis performed by PSMS and continue to find a component
fault. In the event that DVS detects a faulty sensor, then PSMS is
informed of the validation results. This is done so that if the actions
of DPMS are based on a faulty sensor, then DPMS should stop and the
effects of the executed procedure steps should be re-evaluated.

For PSMS to operate in the above modes, it is necessary for it to
have several properties.

The PSMS should be able to detect normal and abnormal plant states.
It also must be able to detect the status of the components and systems
required to keep the plant operating in a safe state for the given
operating mode.

Another property of the PSMS is that it should be able to
distinguish between abnormal and normal transients. That is, it should
recognize if changes in a parameter are due to a normal operational
change or an abnormal event. This requires a knowledge of the normal
operating parameters as a function of power and operating mode.

Finally, PSMS should be able to output messages to DPMS, DVS, and
plant personnel. The messages to DPMS and DVS would primarily instruct
each system to start/stop.

EXPERT SYSTEM DATABASE

All the data required for PSMS to perform its decision task3 are
contained in a periodically updated database.

Thi3 database receives data through a buffer from the plant;
computers. It i3 separate from the plant computers to assure that it
doesn't interfere with any of their functions.

Some of the data contained in this database includes analog and
digital sensor data, alarm states (On/Off), component states (On/Off,
Open/Closed, Intermediate), equipment availability, Operating Mode,
normal condition values, and limit and range values.

The database also has an inference capability that enables it to
provide composed data. This function will be run only when such data is
required.

The database provides data directly to PSMS, DVS, and DPMS. It
operates independently of PSMS and DPMS. However, it is interactive with
DVS. If DVS detects suspicious data, it has the power to halt the
database updating. DVS will then operate to determine corrected values
for suspected faulty sensors, and then will alter the values in the
database. The altered data will be marked as such. DVS then will run
again using this new dataset to complete the diagnosis process. When
this process is complete, appropriate information will be provided to
PSMS and DPMS, and. the database will be unfrozen.

The buffer system is necessary to enable future updates of the
faulty data to be handled in a way that conserves run time.



SUMMARY

System integration has been accomplished through a new component,
the Plant Status Monitoring System along with an expert system database.
The integration of the Dynamic Procedure Management System and the
Diagnosis and Validation System allows DPMS to use the comprehensive
diagnosis from DVS, while it also enables DVS to confirm any of the
diagnoses initially performed by PSMS. The task of PSMS i3 to monitor
the critical plant parameters and upon detection of an abnormal
transient, direct control to either of the two sub-systems.

PSMS operates in one of the three modes described earlier. Once the
displayed procedures are executed, PSMS continues to monitor the plant
data to assure the plant has recovered from a malfunction, and the
condition has been stabilized.
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