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Abstract
A generic task toclkit developed at The 0Qhio State

University Laboratory for Artificial Intelligence Research (LAIR)
has been used in the development of an aid for operators of

.uclear power plants. The toolkit consists of high level
programming tools that enable knowledge to be used in accordance
with its need. That is, if diagnosis is the need, a framework

for performing diagnosis is provided. The operator aid provides
for monitoring the conditions in the plant, detecting abnormal
events, and providing the operator with guidance and advice
through procedures on what path should be followed to mitigate
the consegquences.

Introduction

An operator aid to monitor the status of an operating
nuclear power plant 1is under development at The 0Ohio State
University. This system will moniter plant status, validate
sensor data, diagnose plant faults, and provide procedure
management for the gperator. While the operator is following the
npracedure, the expert system will monitor the operator's
performance and the plant's response to various operator actions,
and will provide backup procedural steps for those that fail.

Reactor operators are presented with an overwhelming array
of plant parameters and system statuses to monitor and interwpret.
They are assisted in this task by many sensors throughout the
plant that provide readings in the control room such as flow
rates, temperatures, pressures, power levels, valve positions,
and motor operating conditions. Many of these sensors also have
alarms associated with them.



Normal operating practice requires the operator to be
involved in a number of activities that preclude his attention to
all the information wprovided to him at any one time. Therefore,
detection of any abnormal condition usually doesn't occur until
one of the many alarms in the control room activates.

Once an alarm sounds, experienced operators often respond
intuitively, having experienced the condition berfore either on
the plant or during their simulator training. A second crew
member will confirm the actions taken by reference to an alarm or
abnormal procedure usually kept in one of many notebooks in the

cantrol room. For more severe conditions, the current practice
is to follow procedures known as Emergency Plan Guidelines (EPGs)
or Emergency Operatin Procedures (EOPs).

Thus, an operator's job can be divided inte thres
components:

1. Monitoring vlant conditions,

2. Diagnosing a detected fault, and

3. Taking procedural action.

Thres expert systems are under develapment to assist the operator
in his performance of these three components. These three expert
systems are tied together in the context of the system
architecture shown in Figure 1.

The Plant Status and Monitoring System (PSMS) [1] provides
the primary link with the power plant. It continually monitors
the contents of a database looking for system changes that excee=d
preprogrammed limits. These changes may meet the entry
conditions for various plant fault recovery procedures, or may
indicate that conditions are not as expected and should be
investigated. If investigation is reguired., a Diagnesis and
Sensor Validatioii System (DVS) will be activated. (21 I%f a
procedure entry condition has been established, a Dvynamic
Procedure Management System (DPMS) will be activated.

I£ DPMS 1is activated, DVS will operate in parallel to
validate the data used in the diagnosis, and to provide further
diagnosis. If DVS is activated, it can provide a diagnostic
conclusion to DPMS. This conclusion will provide verification
that the procedure initiated by DPMS should continue, or possibly
a4 secoand procedure to be run in parallel can be retrieved or
formulated to correct the plant malfunction, or to maintain the
plant in a safe condition by maintaining the safety goals.

The entire system is being developed on Xerox D machines
using InterlLisp D, LOOPS, and generic task tools which run on top
of these languages. (The tools have been rewritten to run on
XEZ, and are currently being rewritten to run on Common LIS?. An
extension of our work will have our system running on KEE in the
near future.)



The intelligent database has been written in LOOPS, as haos
PSMS.

DVS has been written using the generic task tool known as
the Conceptual Structures Representation Language (CSRL) which is
a tool for hierarchical classification and diagnosis. [3]

DPMS has been written using a subset of the Design
Specialists and Plans Language (DSPL), a generic task tool for
object synthesis and refinement. [4]

Generic Tasks

Research at LAIR has centered on the concept of the generic
task. [5,¢] Thz premise of this work is that manv ordinarv
cognitive processes are one of, or composed from, a small set of

basic tasks, such as classification or planning. Each task is
tuned to do its job by combining the separate elements of data
structures (gqualitative or guantitative data, and the
relationships among the data - that is, the domain knowledge)

with the method or inference strategy associated with the use of
that data for the particular task.

For example, when a diagnostic problem is encountered, one
problem solving strategy might be used. When a planning problem
is encountered, another strategy will be used. The selected
control or inference strategy is then applied to the domain
knowledge.

The result is that in the performance of a knowledge
dependent task, the representation of knowledge cannot be

separated from how the knowledge is used. Ir this sense,
applying a specific inference strategy to domain knowledge may be
referred to as a generic task. When domain knowledge is encoded

with the Iinference strategy that comes with-a task, we have a
generic task problem solver. [3]

Ta assist the knowledge engineer in programming different
tasXs, a number of toocls have been developed at LAIR. The exXpert
system being developed at The Qhio State University takes
advantage of two of these generic task tools.

The task of diagnosing faults in a system is a task tha: can
be thought of as going from partial malfunction hypothesis, that
is, determining that a malfunction is present, to a specific
malfunction. To accomplish this, potential malfunctions are
arranged in a hierarchical structure that uses an "establish-
refine" control strategy. (3] For this task, we are using the
generic task tool known as CSRL.

The task of selecting or forming a procedure, and following
the performance of that procsdure :ay be contralled by a planning
system. (4] For this task, we are using the generic task tool
known as DSPL.
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CSRL

Diagnostic problem solving may be viewed as a task of
explaining a set of observations in terms of malfunctions that
may have caused the observations.

n CSRL, a knowledge engineer procduces a malfunctian
hierarchy which has more general classes of malfunctions at its
higher nodes, and more specific malfunctions at the lower or
successor nodes.

malfunction hypotheses at each of the higher level nodes. I
particular node, or specialist, establishes (that is,
knowledge in the node indicates the fault is likely) the laowe
level, or daughter, nodes are considered. If a malfunc=+tion
hypothesis (node) does not establish, it is igrnored along with
its daughter nodes.

This method of establish-refine enables the system to
rapidly prune the hierarchy of malfunctions to quickly establish
the specific malfunction ' thact has Tcaused the initial
observations.

DS?PL

Routine design, planning, or procedure following mavy be
viewed as tasks having a common element of making well defined
and appropriate choices in a domain.

Several types of knowledge are inheren in these choices:
(1) knowledge of decomposing the overall plan problem into
smaller, more manageable plans; (2) knowledge for ordering the
execurion of the sub plans; (3) knowledge for ordering the
execution of these sub plans or procedural steps: (4) knowledge
of appropriate constraint testing which helps teo focus the plan
to more quickly achieve the objective; and (5) knowledge to
invoke backup wplans or procedures when procedural constraints
{s1uuch as equipment failures) are not satisfied.

DSPL supports the generation of various programming "agernts"”
(subroutines essentially found at nodes) to appropriately use and
invoke these different knowledge types.

In its basic operation, DSPL invokes a planning agent which
attenmpts to £ill in i%s plan elements. It does so by invoking a
number of sub agents, each responsible far a portion of the plan.
Unon completion, the wplan is checked for consistency by

evaluating constraints vithin the planning agent. If the plan is
consistent, the job is done. If, however, inconsistencies ars
found, the plan is reformed taking into account the
incoansistencies.



In the nuclear power plant domain, it is necessary <%to check
the success of every step in a procedure. This check and failure
handling when succuss is not achieved must be done in real time.
The existing DSPL, as provided by LAIR, has been enhanced for our
application to provide real time plan evaluation and failure
recovery before completion of the plan.

Components of the EXpert System

The expert system for providing operator assistance consists
of the four main components shown in Figure 1 and previously
discussed in the Introduction. Each component will be discussed
in more detail in this section.

Intelligent Database

The Database for the expert system will receive its data
from the plant process computer and from the plant Safety
Parameter Display System (S2DS). It also will infer data that
normally is not available to the plant operator.

The present design assumes the availability of the General
Electric GEPAC Plus plant process computer replacement system.
GEPAC Plus also contains a fully functional SPDS, thus
simplifying the interface to the plant

Using data directly from GEPAC Plus provides two main
advantages. The first is that much of the raw data will have
already been <trsated by an averaging process that will
significantly reduce the number of points to be considered bv the
expert system.

The second advantage is that the data also will have been
alidated using routine data validation techniques. This assures
a certain degree of confidence in the data, thus allowing the
expert systa2m to have the operator take action through DPMS
without £first performing its own data wvalidation function.
Nevertheless, DVS will operate in parallel with DPMS to wvalidate
the data used during the diagnosis by using context sensitive
technigues.

The database serves all threes sub-systems. It contains all
the data available from the process computer, and technigues to
answer higher level questions about varicgus plant states based on
available data.



In the database, data is organized in three classes hased on
the kinds of questions that can be asked apbout the data and the
techniques required to answer these dJquestions. The three data
classes are:

1. Continuous or Analog Data. Questions in this class
concern trends, values relative to normality, or length
of time a value has exceseded a limict.

2. Component/System States. Questions in this class
concern operational modes, component states such as
tripped, open, closed, or operating, and system status
or avallability.

3. Bistable Component States. Questions in this class can
concern alarm sctatuses or light indications, and only
can be answered as ON or OFF.

PSMS

The database is continually monitored by the Plant Status
and Monitoring System {1] which sends Iinformation to the
diagnosis or procedure management systems whenever an initiating
event (abnormal state) is detected.

Once an abnormal state is detected, PSMS performs the first
level of decision making by initiating either DVS or DPMS. This
decision is based on The safetv goal hierarchy that establishes
EPG actions, the apnormal events classification of the plant, the
alarm response procedures, or preset sensitivity levels
maintained in the database.

For any malfunction, PSMS operation must result in a
response to:

€% indications of plant changes that can be

1. Dire
resolved by simple actions,

[}]

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 resjonse
instructions or an event procedure, ar

3. Multiple alarms/sensors indicating that a safety goal
is being threatened.

Faor PSMS to operate in these three modes, it must have
several properties.

It must be able to distinguish between normal and abnormal
plant states. It also must be able to determine the status of
tne components and systems reguired to keep the plant cperatin
in a safa state for the given operating mode.



It should be able to distinguish between normal and abnornal
transients. Thus, it will need a knowledge of the normal
operating parameters as a function of power and operating mode.
It also will need to detect manual operator actions.

Finally, PSMS should be able to output messages to DPMS,
DVS, and plant operating persoconnel.

DVS

When activated by PSMS, DVS will look for malfunctions by
matching expectations in a malfunction hierarchy. If a
malfunction node establishes, DVS will attempt to refine the
diagnosis to find the root cause at the lowest available
component level.

I a data point is found to be questionable, the value will
be changed in the database according tc values in an expectation
pattern, and the hierarchy will be run again. It will iterate in
this manner until a conclusion is reached and all data is found
to be correct. At this point, it will provide DPMS either with
confirmation that a proper procedure is being run, or with a
recommendation that a different procedure should be follow- d.

As an example of how this system will operate, consider the
case of a decreasing water level in the reactor pressure vessel.
The specific malfunction is caused by a feedwater recirculation
valve inadvertently opening with a concurrent failure of the
feedwater level controller calling for no change in feedwater

flow rate. To denmonstrate how the sensor validation funcztion
operates, we alsoc will assume the flow sensor in the
recirculation line fails. The malfunction hierarchy for <thi

failure is shown in Figure 2.

CSRL tests malfunction hypotheses in the malfunction
hierarchy by first examining the most general nodes, located at
the left of the tree, and then moving through the tree at the
next lower level from the bottom up. Therefore, 1t is important
to construct the tree with the nodes yvou want to have considered

irst at the bottom at each level.

A coolant system fault is detected because of the lowering

reactor water level,. LOCA does not establish because the
regquired expectations., such as increasing drywell pressure (among
others), are pot present. However, the condition of Reac<%tor
Inventery Change does establish. This can be seen in the
Confidence Browser in Figure 3 where a number 3 indicates high
confidence (estahlished), and a -3 indicates low confidence
(rejection). Knowing the malfunction, one can surmise how each

additional node is either established or rejected.
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When the given malfunction establishes, it dcoes so with a
i2*, The * indicates a possible sensor malfunction. By examinin
the Knowledge Group for this malfunction in Figure 4, it can be
saen that either the flow rate sensor or the hot surge tank level
sensor can cause the *. Because the t=able is reviewed from the
top down, the value for the flow rate is changed in the datavase,
and the hierarchy is run again.

For this case, the result is the same, but withcut the
gquestionable sensor indication, as shown in Figure 5.

DPMS
DPMS operates in a safety function (7,8] maintenance mode.

The safety functions of the plant are organized in a
hierarchical manner. This representation allows for failure
handling, and can assurz that the important safetry functions ar:
maintained in preference %o taking actions for specific events
that mav or may not be identified.

The plans within DPMS include the ewent oriented abnormal
procedures, alarm response procedures, and the symptom oriented
ZPGs. These procedures ar integrated through the safety

function hierarchy. The aPGs are the upper level functions of
this hierarczhy, wnile the event procedures f£ill the lower nodes.

Entry into the EPGs can occur in either of two ways: (1) By
direct initiation from PSMS upon the occurrence of an entry
coandition, or (2) By failure cf = lower level node procedure
resulting in further plant degradation.

Any time ane of the entrv conditions to the Emergency
Procedure Guidelines is chieved, DPMS will assure that these
procedures are followed. Thus, the system is EPG dominant.
While the EZPCs are being followed, 'DVS will try to determire a
specific fault, and if possible, will provide DPMS with
information that will allow a secondary procedurs to be run in
paralliel with the EPGs so the consegquences of a3 malfunction might
be mitigated socner.

DeMS will receive instructions from PSMS as to which
procedure is to be followed. It may, as previously stated, alsa
receive instructions from DVS to (1) confirm appropriate actions,
or (2) follow an alternate procedure, or (3) follow an additional
Procedure alang with the currsent procedure.

During procedure periormance, sach step will be monitored to
assure 1ts success. I a step 1is unsuccessful, a backup
procedure will be provided for that step. Likewise, if a step is
expacted to fail due to the unavailability of eguipment, a baclkup
procedure will be provided.
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Svstam Testing

The development of the expert system has used the Perry

Nuclear Pawer Plant, a General Electric BWR-6 design, as the
reference facility. Plant statuses and operating conditions for
Perry have been programmed into PSMS and DVS. Perrvy procedures

have been used for the bases of procedural actions tc be
specified by DPMS.

The expert svstem is being tested by using the Perry plant
referenced simulator. Transients are run on the simulator while
data is collected. Later, this data is reviewed for indicators
that define the transient of intwerest. This data is programmad
into PSMS or DVS to provide expectations for each node in the
malfuncztion hierarchy The expert system is run to refine the
expectations and to develop tables to detect ambiguous sensor
dacta.

Summar

Using the two generic task tcols, CSRL and DSPL, design work
on DVS and DPMS is nearing completion. The work on PSMS in LOOPS
scheduled for demonstration by April 1, 1988. A demonstration
the entire system (all three sub systems integrated as one)

-

ill be available at that time.

EQH'
- U

DVS has already been demonstrated to be effective in
diagnosing faults and validating sensor data iIn a BWR coolant
svystenm. DPMS has heen tested for a reactor scram procedure in a
previous form, and still needs to be tested in its present
versiaon. Testing of the complete system will be demonstrated for
faul%ts In the condensate-feedwater svystem.
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