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Abstract: This article reports the concept and development
of a prototype expert system Lo serve as a decision support
tool for maintenance of boiling-water reactor (BWR)
nuclear power plants. The code of the expert system makes
use of the database derived from the two BWR units oper-
ated by the Pennsvlvania Power and Light Company in
Berwick, Pennsyivania. The operations and maintenance in-
Jormation from a large number of plant equipment and sub-
systems that must be available for emergency conditions and
in the event of an accident is stored in the database of the
expert system. The ultimate goal of this decision support tool
is 1o identify the relevant Technical Specifications and man-
agement rules for shuiting down any one of the plant sub-
Systems or removing a comnponent from service 1o support
maintenance.

A nuclear power plant must be maintained 0 sausfy
the Technical Specifications and other rules and regu-
lations during all operating phascs, including normal
and unscheduled operations. Adherence 10 these re-
quirements leads to handling a large information data-
base involving numerous plant components. Identifica-
tion of the appropriate component(s) to be maintained
is usually time-consuming and is also vulnerable to
human errors and omissions. Often the problem is to
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determine whether taking a plant component out of
service for rcpair or maintenance or reinstating it into
service will cause a change in the status of the sub-
system to which it belongs. To this effect, an expert
system‘-* is suitable for decision support in mainte-
nance management where the knowledge of experi-
cnced operators needs to be assimilated for implemen-
lation within the technical information database.
Although the specific objective of this expert system
code is to support the decisions regarding which com-
ponents can be safely and reliably removed from the
plant operations for maintenance, it may also serve as
4 query-answering facility for checking the plant sys-
lem status as well as for training purposes.

This article presents the concept and development
of a prototype expert system 1o serve as a decision
support tool for maintenance of boiling-water reactor
(BWR) nuclear power plants.? The code makes use of
the database derived from the two BWR units operated
by the Pennsylvania Power and Light Company
(PP&L) in Berwick, Pennsylvania. The operating and
maintenance information from a large number of
cquipment and subsystems, which must be available
for emergency conditions and in the event of an acci-
dent, is stored in the database of the expert system.
The database must contain the relevant Technical
Specifications and management rules for shutting
down any one of the systems or removing a component
from service 1o support maintenance. Because of the
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2 GENERAL SAFETY CONSIDERATIONS

complexity and time needed to incorporate a large
number of systems and their components, the expert
system has been developed in two phases. In the first
phase, the prototype code includes only the reactor
core isolation coolant (RCIC) system, the high-pressure
core injection (HPCI) system, the instrument air system
(IAS), the service water system (SWS), and the plant
electrical system. The second phase is targeted to in-
clude all other systems. This article summarizes the
prototype code and the design concept of the complete
expert system code for maintenance management of the
plant subsystems and components.

PERTINENT DEFINITIONS

The expert system, serving as a decision support
tool, must record any changes in the current status of
each subsystem and its relationship with others and, at
the same time, ensure that the decisions not violate the
Technical Specifications and regulations.

For the construction of the expert system in view of
the maintenance schedule in BWR power plants, the
subsystems are classified in two categories:

= Type 1: Subsystems for major operations such as
RCIC and HPCI, whose status is either operative (de-
noted as op) or inoperative (denoted as in_op)

» Type 2: Subsystems for support services such as
IAS and SWS, whose status may be full capacity (de-
noted as full_cap) or reduced capacity (denoted as
red_cap)

The set § denotes the complete plant, the subset A
represents the set of all subsystems belonging to type 1,
and the subset B represents the set of all subsystems
belonging to type 2. Therefore S=A U B and A NB = &,
which implies that the subsets A and B are exhaustive
and mutually exclusive. The sets A and B can be fur-
ther classified into subsets on the basis of their status
as follows. The subsets A; and A, of A are defined as

A = {o e Alstatus of 0. = op)
A, = {o.e Alstatus of o= in_op) M

and subsets B, and B, of B are defined as

B, = {o.e Blstatus of o = full_cap)
B, = {0 € Blstatus of o = red_cap) (2)

The status of each of the preceding subsystems is
determined in terms of its cut sets defined as follows:
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Definition 1. A cut set of a given plant subsystem
is defined as a set of its components that will degrade
the status of the subsystem (of type 1 or type 2) if each
of these components is out of operation. In that case,
the cut set is said to be reached.

Remark 1: The notion of a cut set introduced in
this article is not identical to the definition of cut set or
minimal cut set used in risk management (e.g., fault
tree and event tree).* Following Definition 1, a cut set
consists of one or more components, each of which
performs specific functions for the subsystem. Conse-
quently a subsystem is partitioned by all its cut sets;
that is, if C;, i = 1, 2,...,n, are the cut sets of a sub-
system S, then

UC=8 CnC=@i#ji ij=len ()

i=l

A change in the system status may- alter the rela-
tionship of this system with others. These relationships
are defined below.

Definition 2: If a change in the status of a sub-
system « restricts any further change in the status of
another subsystem 3, then o and B are defined to be
interacting systems relative to each other; this relation
is denoted as interact_sys(ct,p).

Definition 3: Let o and B be subsystems of type 1
such that they are interacting systems relative to each
other. Then B is defined to be high risk relative to o if
the status of B has to be op for the plant to remain in
operation whenever the status of « is in_op and vice
versa. If v is a subsystem of type 2, then vy is defined to
be high risk if its status is red_cap.

Remark 2: In the database, the high-risk list of
each subsystem is formed in a list structure attached to
that particular subsystem and is expressed as follows:

Ifoe Ay, BeA, [thatis, ais in_op and B is op,
and interact_sys(o,f3) holds], then B belongs
to the high-risk list of a.

If o € B, (that is, o is red_cap),
then « is in its own high-risk list.

For example, given the subsystem status that RCIC
is op, HPCI is in_op, and interact_sys (RCIC, HPCI),
then HPCI is in the high-risk list of RCIC.

Definition 4: Let o be a subsystem of type 1, B
be a subsystem of type 2, and the relationship
interact_sys(a.,f) hold. Then B is defined to be con-
tingent relative to o if B is full_cap and o is in_op.
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Similarly, o is defined to be contingent relative to
if the status of B is red_cap and that of o is op.

Remark 3: In the database, the contingency list of
each subsystem is formed in another list structure at-
tached to that particular subsystem. Therefore the con-
tingency list can be expressed in terms of sets as
follows:

If o € A,, B € By, and interact_sys(a.,),
then B is in the contingency list of o.

If a € Ay, B € By, and interact_sys(o.,B),
then o is in the contingency list of .

For example, given the subsystem status that RCIC
is in_op, IAS and SWS are both red cap, and
interact_sys (RCIC, 1AS), interact_sys (RCIC, SWS),
then IAS and SWS are both in the contingency list of
RCIC.

ARCHITECTURE OF THE EXPERT
SYSTEM

The expert system code is structured with three ma-
jor interacting modules: (1) database, (2) rulebase, and
(3) user interface. The computer language PROLOG
was chosen to program the code because of the follow-
ing features: (1) backtracking for searching databases,
(2) use of factual data to modify the system status, and
(3) generation of relevant technical information.> The
expert system is operated at two different hierarchical
levels: component level and system level. The set of
rules at each level is executed with the use of the indi-
vidual database. The overall structure of the expert
system in Fig. 1 illustrates interactions between the
rulebases, databases, and the user interface. The ar-
rows in the figure indicate the direction of information
flow of the program.

The major decisions at the component level include
the determination of whether a subsystem will change
its status if a specific component is taken out of opera-
tion. Obviously, this depends on the operational status
of other components of the subsystem. At the system
level, the rules are used to find the relationships of a
subsystem with others. These operations depend only
on the data related with the operating status of each
subsystem. Accordingly, the databases are set up sepa-
rately into two parts—component dalabase and sys-
tem database. In addition to the system-level and
component-level modules, there is a separated module
for the electrical system because it has some special

properties that are unique from other subsystems. Both
the database and rulebase of electric components are
accessible to system-level modules and component-
level modules through an electric-rule module because
a change of the electrical system may affect all other
major plant subsystems and their components. The sys-
tem database is accessible to the system rulebase, elec-
tric component rulebase, and the user interface. Follow-
ing the execution of component rules, the system rules
are activated to decide upon the new relations between
the individual subsystems in the event of any change in
the status of their components. The details of the opera-
tion of each module are introduced in the following
sections.

Two Levels of Databases

Component Database. This database is built from
two different tables for one particular subsystem as
shown in Figs. 2 and 3. In the component table of
Fig. 2, the pertinent information of each component
is first represented as a tuple:®

component(system_number, cut_number,
comp_name, description, ...)

The second tuple in the component table is the in-
formation of cut sets stored in a list structure:

cut_set(system_number, cut_number,
[comp_namel, comp_name2, comp_name3, ...])

In the maintenance table of Fig. 3, the information
about the maintained components is recorded as two
different tuples:

in_repair(system_number, cut_set,
[comp_namel, comp_name2, ...])

repair_comp(system_number, comp_name,
maintained_type, started_date)

A component name is a key factor for database op-
erations in each table, which is labeled by a unique
system number to enhance the efficiency of the search
procedure within the database of each subsystem.

System Database. The pertinent data at the sub-
system level are structured as tuples, and all such data
are contained in one table. The subsystem information
is expressed as a collection of tuples; for example, the
first tuple in the system database is as follows:

system(system_number, system_name,
system_type, system_status, description)
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Fig. 1 Overall structure of the expert system.
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Fig. 2 Component database. [The pertinent information of
each component is represented by tuples: component
(system_number, cut_number, comp_name, description, ...
and cut_set (system_number, cut_number [comp_namel,
comp_name2, ...]).]
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Maintenance table
in_repair (50,2, [Iv49f054])
in_repair (52,1, [ip204])
in_repair(11,1, [hv109001])

repair_comp(50, Iv49f054, maintain, (1992,2,2))
repair_comp(52,ip204,repair,(1992,2,5))

repair_comp(11,hv109001, maintain, (1992,2,3))

Fig.3 Maintenance table in component database. [Information
about the maintained components is recorded as two different
tuples: in_repair (system_number, cut_set, [comp_namel,
comp_name2, ..]) and repair_comp (system_number,
comp_name, maintained_type, started_date).]



GENERAL SAFETY CONSIDERATIONS 5

and the next two tuples represent relationships between
the subsystems as follows:

high_risk_sys(system_number, system_type,
[system_numberl, system_number2, ...])

contige_sys(system_number, system_category,
[system_numberl, system_number2])

A list of system numbers in the preceding example
is entered in highrisk_sys() and contingency_sys() be-
cause a given subsystem could simultaneously belong
to the categories of high risk and contingency relative
to another subsystem.

Similar to the formation of the databases, the
rulebases are structured into two separate groups for
the component level and the system level.

Two Levels of Rulebases

The rulebases for the expert system are structured in
two levels—component level and system level—as de-
lineated below.

Component-Level Rulebase. The rulebase at the
component level consists of several major rules. If a
component is scheduled for maintenance or reinstated
into operation, then the expert system determines
whether there is a change in the sysiem status. The
rules are stated as follows:

Let § be a subsystem and C;be the cut sets of S,
i=1,..., n,as set forth in Definition 1.

Rule 1 [Taking the component(s) out of operation]:
Let A be the set of components currently under mainte-
nance or repair and B be the set of components o be
maintained or repaired, implying that A » B = @. Parli-
tioning of A and B into subsets of the cut sets C; yields

LnJ A =AAcC; Lnj B, =B,B,cC;
-1 i-1

andA,NB,=Di=1..n @)
where some of A;’s and B,’s could be empty sets.

The status of S does not change if either one of the
following two conditions holds:

die(l,...,n) suchthat A, =C,and B, =@  (5)
or
A #C,and A UB, #C,Vie(l,..,n) 6)

else the status of S changes.

Rule 2 [Putting the component(s) back into opera-
tion]: Let D be the set of components to be put back
into operation after repair or maintenance and E be the
set of components to remain in repair or maintenance,
implying that D n E = . Partitioning D and E into
subsets of C; yields

U D =D, D,cC, ) E,=E, E, cC,
i-1 i-1
andD,NE =0 i=1..n (7)

where some of D;’s and E;’s could be empty sets.
The status of § does not change if either one of the
following two conditions holds:

D, UE, #C; Viefl,...,n) 8)
or

diefl,..,njsuchthat D, =& and E;= C; (9)

else the status of § changes.

Example of Rule 1: Let the subsystem S be of type 1
and-be partitioned - into three cut sets: C; = {cut=1,
hv001}; Cy = {cut= 2, hv002, hv003}; and C; =
{cut = 3, fh001, fh002}. Let A = &; A, = {in_repair
(2, hv002, hv003)}; A3 = {in_repair(2, th001)} be cur-
rently in the repair or maintenance list. For the cut set,
Ay = Cy, the current status of § is in_op, and it follows
from condition 4 of Rule 1 that B, = @. Therefore the
condition 5 of Rule 1 is satisfied, and the status of §
will remain unchanged no matter how many and what
other components are going to be put into repair or
maintenance.

Example of Rule 2: Let the subsystem § and its cut
sets, described above in the example of Rule 1, have
the repair/maintenance list as follows: in_repair
(2, hv002, hv003) and in_repair(2, fh001). Since the cut
set C, is reached, the status of § is in_op. If the objec-
tive is to put the component fh001 back into operation,
then following Rule 2 the sets D and E may have to be
partitioned as follows: D, = &; D, = &; Dy =
{in_repair(2, fh001)}; and E, = &; E,={in_repair
(2, hv002, hv003)}; E5= @. Since D, = & and E, = C,,
condition 7 of Rule 2 is satisfied, and the status of S
will remain unchanged.

System-Level Rulebase. The system-level
rulebase determines whether a change in the status of a
subsystem will change the high-risk and/or contingency
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lists of its own and other interacting systems. The rules
are stated as follows:

Let subsets Ay, A,, B}, and B, be as defined
inEqgs. 1 and 2.

High-risk system rules: Following Remark 2, the
two conditions for setting up a high-risk list of a sub-
system are (1) if o € A,, f €A, and interact_sys(c,B),
then PBis the high-risk list of o; and (2)if o € B,,
then o is in its own high-risk list. The rulebase for
updating the high-risk system list for a subsystem is
stated below.

Rule 1: If o is moved from A, to A, and if

B € A;and interact_sys (,3),
then add B to the high-risk
list of o (10)

B € Aand interact_sys (o.,8),
then delete o from the high-risk
listof B 11)

Rule 2: If o is moved from A, 10 A; and if

B e Ajand interact_sys (o.,3),
then delete 3 from the high-risk
listof (12)

B € Ayand interact_sys (o.,B),
then add octo the high-risk

list of B (13)
Rule 3: If o € A; and B € 4,, V interact_sys(a,B),
then shut down the plant (14)

Rule 4: If ais moved from B, to B,,
then add o to its own high-risk list ~ (15)

Rule 5: If ais moved from B, to B,
then delete o from its own high-risk
list (16)

Examples of high-risk system rules: For two sub-
systems of type 1, say RCIC and HPCI, with
interact_sys(RCIC, HPCI), if the status of RCIC is
in_op and that of HPCI is op, then, according to Defi-
nition 3, HPCI is in the high-risk list of RCIC. There
are two possible changes in the status of these two
subsystems. First, if RCIC changes its status from
in_op to op, which satisfies condition 12 of Rule 2,
then HPCI should be deleted from the high-risk list of
RCIC. Second, if HPCI changes its status from op to
in_op, which satisfies condition 11 of Rule 1, then
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HPCI should be deleted from the high-risk list of
RCIC; however, if RCIC and HPCI are the only type 1
subsystems interacting with each other, then, according
to Rule 3, the plant should be shut down.

Contingency system rules: Following Remark 3,
there are two conditions for setting up the contingency
list of a subsystem: (1) if o € A,, B € By, and
interact_sys(c,8), then f is in the contingency list of
o; and (2) if o € A, B € By, and interact_sys(o.,3), then
o is in the contingency list of B. The rulebase for up-
dating the contingency lists for each subsystem is
stated below.

Rule 1: If o is moved from A; to A,, and if

B € B, and interact_sys(a.,B),
then add B to the contingency
list of o 17)

B € Byand interact_sys(ct.,3),
then delete o from the contingency
listof B (18)

Rule 2: If o is moved from A, to A;, and if

B € B, and interact_sys(a.,),
then add « to the contingency
list of B 19)

B € B, and interact_sys(a.,3),
then delete B to the contingency
list of o (20)

Rule 3: If § is moved from B, to B,, and if

0. € A, and interact_sys(o.,3),
then add a to the contingency
list of B @n

o € A, and interact_sys(a,j3),
then delete B from the contingency
list of o 22)

Rule 4: If § is moved from B, to By, and if

o. € A, and interact_sys(a.,),
then add P to the contingency
list of o : (23)

o € Ay and interact_sys(o.,j3),
then delete o from the
contingency list of B (24)

Examples of contingency system rules: Let the
status of two type 1 subsystems, RCIC and HPCI, be
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in_op and op, respectively. Let the status of another
two type 2 subsystems, IAS and SWS, be full _cap
and red_cap, respectively. If the preceding four sub-
systems are interacting with each other, then IAS is
in the contingency list of RCIC and HPCI is in the
contingency list of SWS according to Definition 4.
If IAS changes its status from full cap to red_cap,
which satisfies conditions 21 and 22 of Rule 3, then
HPCI should be added in the contingency list of
IAS, and IAS itself should be deleted from the con-
tingency list of RCIC. On the other hand, if SWS
changes its status from red_cap to full cap, which
satisfies conditions 23 and 24 of Rule 4, then SWS
should be added to the contingency list of RCIC and
HPCI should be deleted from the contingency list of
SWS.

The process of entering and deleting a component
into the maintenance table is illustrated in the program
flowcharts in the appendix.

The Electrical System

Database of the Electrical System. The electri-
cal system has a unique property in the sense that
the loss of power supply affects every plant compo-
nent and that the individual subsystems could be
electrically interconnected even if they are mechani-
cally isolated. On the basis of this consideration, the
electrical components are expressed in a tree struc-
ture. This can be easily constructed and operated in
PROLOG language and PDC-PROLOG compiler
environment.> All the electrical components and the
components of other subsystems that are electrically
connected are constructed in one tree. Each branch
of the tree represents a closed loop. Each node of
the data structure represents one electrical compo-
nent where the components of higher vollage are
ancestors of that of lower voltage. The last level of
the tree (i.e., the leaves of the tree) represents the
components of other subsystems connected to the
electrical circuits. An example of this tree structure
is shown in Fig. 4. By doing so, not only do the
operations of component search and execution of the
electrical system rules become faster but also user
friendliness and visual display are enhanced.

Because a disabled component may affect the op-
erating status of the subsystem to which it belongs
and also other subsystems, the components in the
repair/maintenance table are then expressed by two
lists. The first list contains all the actions that have
been taken on the specific component. The second

list contains the time corresponding to each action
as shown below.

repaired_comp(50, hvi007, [repaired/maintained,
disabled], [(28,4,1990), (1,5,1990)])

Any one of the preceding states may cause the sub-
system to change its status. If the component is only
disabled, however, it could be further scheduled for
repair or maintenance.

RCIC RCIC HPCI

RCIC HPCI

Fig. 4 An example of electric-component tree structure. (hv01,
hv02, fe0l1, he0l, and ve02 represent components in the RCIC
or HPCI system. ele01, ele02, and ele03 represent electrical
compeonents,)

Rulebase of the Electrical System. If an electri-
cal component is scheduled for maintenance or repair,
the subsystems that are served by the circuit of this
electrical component may need to be disabled. This
fact will have a tendency to make the subsystem
change its status, depending on whether the disabled
components form a cut set. Therefore additional rules
need to be executed for handling electrical systems.

Two groups of separated rules are executed in the
electrical system rulebase. The first group works on
the change of the component and subsystem status that
are all related to the action of an electrical component
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scheduled for repair or maintenance. The second group
modifies the rulebase for other subsystems in the event
of interactions with the electrical system. The rulebase
of the electrical system is described as follows.

Rules for changing the operating conditions of
electrical components: Let all components in the elec-
trical system be expressed by the set F, which is fur-
ther partitioned into the subsets F; and F, on the basis
of the operating conditions of the components.

F ={a € Flais in operation};
F, = {a € F | ais in repair/maintenance}  (25)

Let o € F; By, Ba. ...Bx be the ancestors of o, and let
Yo Yoo oo Yimps Ympr 15 Ymps 20 oYy o ¥im, be the leaves of
o. Let Gy,G,,...G, be the subsystems such that
{Yl’ Y2 '"'Ym‘} = Gl’ teey {‘Yms“lﬁ- 1> ‘Yms_l + 2 -"’Yms} = Gs-

Rule 1: If B;¢ Fp,i= {1,2,..k},and if o is
moved from F, to F,, then disable
Y. i = {1,2,..my, ..., m;} and change
subsystem status of G, t = {1, 2, ..., 5}
and their relations according to the
rules described in the section on
rulebases (26)

Rule 2: If B; ¢ F,,i= (1,2,..k},and if ais
moved from F, to F;, then enable
YiJ = (1,2, ... my, ..., mg} and change
subsystem status ofG,, ¢ = {1, 2, ..., 5}
and their relations according to the
rules described in the section on
rulebases 27

Example of Rule 1: Considering the electric com-
ponent tree given in Fig. 4, if ele02 is taken out for
repair and if ele01 is in operation, then each of the
components hv01, hv02, and fe01 should be disabled.
Because hv0l and hv02 belong to RCIC and fe0O1 be-
longs to HPCI, the rules described in the section on
rulebases continue to be used to change the status of
RCIC and HPCI along with the high-risk and contin-
gency lists as applicable.

Rules for maintenance of other subsystems: Let
the components of a given subsystem be expressed by
the set §, which is further partitioned into subsets S,
and S, on the basis of the operating conditions of their
components.

S, ={oe Slais in operation}
S, ={oe S lais in repair/maintenance } (28)
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Because the disconnection of an electrical circuit
may disable some of the components in S, the following
rules should be executed prior to execution of the rules
described in the section on rulebases.

Rule 1: If o is scheduled to move from S to S5,
then check if o is in S,, which could
have three possible answers:

No, o is not in §5; continue to execute
the rules described in the section
on rulebases 29)

Yes, o is in S, but only disabled;
schedule « for repair/maintenance
without executing the rules
described in the section on
rulebases 30)

Yes, o is in S, and under repair or
maintenance; stop scheduling
of o 31

Rule 2: If « is scheduled to move
from §, to S, then check if o is in
S, which could have four possible
answers:

No, o is not in Sy; stop scheduling

of a (32)
Yes, a is in S, but only disabled;
stop the process (33)

Yes, a is in S, but not disabled;
execute the rules described in the
section on rulebases (34)

Yes, o is in S, but disabled and under
repair or maintenance; take off the
repair or maintenance status of o
without executing the rules
described in the section on
rulebases (35)

Examples of Rule 1: In the last example shown in
Fig. 4, the components hv0l1, hv02, and fe01 are dis-
abled because of the repair status of ele02. The compo-
nents he01 and veOl are still operational. Let hv01 be
under repair also, then the following items are found in
the repair/maintenance table: (1) repaired_comp(50,
hv01, [repaired, disabled], [(28,4,1990), (1,5,1990)]) and
(2) repaired_comp(50, hv02, [disabled], [(1,5,1990)]).
Now a component of RCIC is scheduled for repair.
First, if the component he01 is scheduled, the process
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can be carried out according to the rules described in
the section on rulebases following instruction 29 of
Rule 1. Second, if the component hv(2 is scheduled,
instruction 30 of Rule 1 should be followed. Finally,
if the component hv01 is scheduled, the program
should stop and generate an error message following
instruction 31 of Rule 1. '

The User Interface

For the enhancement of user friendliness, the expert
system program is designed to be menu-driven follow-
ing a tree structure. The main menu, illustrated in
Fig. 5, has seven selections to facilitate determination
of plant or system status, maintenance of components,
entering components back into operation, and dis-
abling or activating electrical components.

A complete expert system should have the property
that the user is able to access the database. For this
purpose, an additional module was designed and built.
First, it is accessible only by some special operators
with the correct password 1o protect the database. Sec-
ond, to save the computer space, external database
structure was used,® which also increases the speed by
using B-tree structure in searching and operation. The
module is written such that the user could open a par-
ticular database on the basis of its name, searching for
a specific element and replacing it, or creating an en-
tire new database.

Summary

A prototype expert system has been developed for
decision support of maintenance management in BWR
power plants. The prototype expert system is coded in
PROLOG, and its feasibility and efficacy are demon-
strated for maintenance of two major operating sub-
systems and several support subsystems at one of the
two nuclear power generating units in Berwick, Penn-
sylvania, operated by PP&L.

The prototype code is being expanded to include all
the pertinent subsystems and incorporate PP&L’s re-
lated computer program and management techniques.
In the future, a more friendly user interface will be
developed by using the PROLOG tool provided to ac-
cess PP&L’s programs and increase the program flex-
ibility and reliability.

The program is being developed under the supervi-
sion of PP&L plant and engineering personnel to en-
sure that the terminology and operational characteris-
tics of the expert system are consistent with those used
by the plant operating personnel.
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Fig. 5 Structure of the user interface.
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Fig. A.1 Flowchart for entering a component to the maintenance table.
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