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ABSTRACT

The Unuversity of Tennessee's Huclear Ergineering czrautment, in cooperation with
the Tennessee Valley Authcrity (TVA), is evaluating the feasiitility of wutilizing
an expert system to aid in 10CFR30.59 evaluaticns. This paper discusses the
histery of 10CFRS0.59 reviews, and deta:ls the Zevelopment approach used in the
constructicn ¢f a2 prototype Safety Revies Advisor (SRA).

The goals for this expert system prototype are to 1) aid the engineer in the
evaluation process by directing his attention to the appropriate critical issues,
2) increase the efficiency, consistency, and thoroughness of the evaluaticn

process, and 2) provide a foundation of appropriate Safety Analysis Report (SAR)
references for the reviewer.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



INTRODUCTION AND BACKGROUND

In 1959, the Atamic Energy Cammussion (AEC), the predecessor to today's Nuclear
Pegulatory Cammission (NRC), issued its first operating license, No. DPR-1, to
the Vallecitos Boiling Water Reactor. As issued, the license required that
General Electric (GE), the owners ard operators, submit for AEC approval, every
modification and test or experiment not explicitly approved in the Licensing
Documents. These submittals would require AEC approval prior to treir
irplementation. To support the experimental program of the Vallec.tos project,
GE had to submit several filings a momth to the AEC. This arrangement was
unacceptable to both the Atomic Energy Carmission and General Electric (63.

In 1960, GE asked for, and received a recensideration of these requirements. GE
and the AEC then drafted a new agreement. After formal AEC review, the new
agreement was issued as an amerdment to DFR-1 on a memorancdum and order dated 2
November, 1960. The amendment clearly stated that GE had camplets freedem to
make changes within the parameters cf the technical specifications, provided that
no unresolved safety questicn was irnvolved.

Recognizing the widespread applicability of this approach to requlating changes
to licensed facilities, tlie AEC issued proposed rule 10CFRS50.53. The purpose of
this new rule was to define the extent to which the licensee could make changes,
and perfcrm tests or experiments that were not sSpecifically allowed for in the
cperating license. Four months after it was proposed, Title 10 of the Code of

Federal Regulations part SO section 59 (10CFRS0.59)

became effective an August
9, 1962.

Today, all licensed nuclear facilities are subject to 10CFRS0.59. This

reculation is valuable both to the licensees amd to the NRC. For the
owners/operators, it allows the freedom to operate and control their facility.
The NRC finds the regulation valuable because it maintains the original licensing
basis of the facility. Neverthele's, the implementaticn of this regulation has
caused z great deal of confusion, both with the licensees and the NRC (6]. The

difficulty ccmes in the interpretation of the document and the implemertation of
its requirements.
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Specifically, 10CFRS0.59 permits the licensee to make changes to the facility or
procequres, and to conduct tests or experiments without prior NRC approval
provided that the change, test, or experiment meets certain criteria. These
criteria are:
1) The proposed activity must not involve a change in the technical
specifications ard,
2) The proposed activity must not involve an unreviewed safety question.

The .irvst of these two criteria is rzrher straight forward and redundant since
NRC approval is required for 11l technical specification changes. The difficulty
cames in the ‘nterprevaticn of he second. The definiticn of an "unreviewed
safety questicn" provided by the NRC in 1(KFR50.59 is stated as follows:

10CTR50.59 (2)

A proposed charge,  test, or experiment shall be deemed to involve an
unreviewed safety question if;

i) the probability of occurrence or the consequences of
an accident or maldfunction of equipment important to
safety previously evaluated in the Safety Analysis
Report may be increased or,

~ 1i) a possibility for an accident or malfimcticn of a
different type than any evaluated previcusly in the
safety analysis report may be created or,

iii) the margin of safety as defined in the basis for any
technical specification is reduced (2].

An engineer attempting to evaluate a proposed modification, test or experiment
must first determine several other issues. Questions like

1) wWhat equipment is "important to safety"?
2) What is the Safety Analysis Report?

3) What is meant by "evaluated previcusly in the safety analysis
repart"?

4) What is a "margin of safety as defined in the basis for any
technical specification®?



mist be answered before the ergineer may proceed [6)]. The answers to these
questians will differ depending on the facility and utility to which they are
addressed. For example, the SAR iz a broad term that can refer to an entire
group of documents that were submitted to the NRC for apprival. It usually
includes the Final Safety Analysis Report (FSAR), the technical specifications,
and the basis for the technical specifications, but it can also include design
bases and design criteria documents. The SAR also includes all cormmitmernts
documented in a Safety Evaluation Report (SER). The SER is a doaument written by
the NRC to support the issuance of the operating license and is based on
information provided in the SAR.

The determinaticn of whether an unresclved cafety question (USQ) is created by a
proposed modifizaticn s proca ly tne most difficult of all the issues to
resolve. The rirst step is the appropriate application of the criteria. Only
those chamges md test or experiments that affect the licensing bases of the
facility should be subjected to the USQ criteria. Ragardless of the safety
issues that may be raised by the proposed change, test or experiment, if that
activity does not affect the licensing bases of the facilit, then it canncot be an
UsQ (6). The difficulty is in determining if the change, tast or experiment
being evaluated irpacts the scope of the SAR ard thus the licensing bases.

A successful application of the 10CFR50.59 criteria to a proposed change, test or
experiment requires that the irdividual performing the review be knowledgeable of
the licensing documents associated with the particular facility, as well as the
facility and all its safety related systems. This requires an amamt of
expertise that usually precludes any one individual from being knowledgeable in
all areas. Thus in most cases, the engineer performing the review must interface
with saveral other system engineers to properly evaluate the proposed activity.

If a 10CFR50.59 evaluation is done improperly, the results can be very serious.
Aside from fines that could be imposed, there is a potenmtial for the creation of
a real threat to the safety ard health of the public that could go undetected.

A case in poimnt, occurred at the Sequoyah Nuclear Plant. An examination of ths
plant's design baseline identified a mumber of essential calculations that had
been rendered invalid as a result of plamt medifications. While reviews ware



performed on the Engineering Change Notices (EQNs) associated with these charges,
their potential impact upon certain calculations was not recognized. To prevent
recurrence of this candition, a root cause analysis was performed. This analysis
conciuded that the large mumber ard diversity of the calaulations irvolved
preclude any cne engineer frum being knowledgeable of the conmtent of them all
(1]. It was also concluded that, even if samecne could be knowledgeable about
the content of all caltzuatiorzs. there would still be a comsiderable variahility
to how engineering judgment would be exercisad in safety reviews performexdi for
similar modificatieons. This secornd fimding expanded the task of defining
corrective actian from one of providing better maintenance of the calculations,
mthebroaderpurposeofpxwmrgamd\anismtahelpthae:qineerperfom
camprehensive and consistent safety reviows.

Analysis of the need in this broader context quickly revealed that possible plant
modifications were so very diverse in nature and involvel so many possible
influences upcn safety, that they exceeded the scope of knowledge of any single
individual. For years, checklists were used to quide reviewers through their
consideration of a proposed medification. Unfortunately, all determining factors
cannot be meanirgfully represented using a check list.

SOLUTION APPROACH

The nature of safety reviews requires that individuals performing these
evaluations be knowledgeable in many areas of engineering. Evaluators must be
familiar not only with licensing documents, but also with the facility, and
specifically with safety related systems. Clearly, the amount of informatiem to

be processed is considerable. Hence, an expert system can significantly assist
in the preparaticn of these reviews.

Expert Ovstems

An expert system is an application program that attempts to mimic human judgment
by applying substantial knowledge of specific areas of expertise to solve finite,
well-defined problems. By capturing in computer code the expertise of highly



qualified irdividuals, problems which reside in the same domain can be solved by
repetitively applying the same knowledge.

An expert system typically cunsists of two camponents, an inference erngine and a
knowledge base. The inference engine gathers informaticn, conducts searches, and
draws inferences based cn the strategy programmed inmto it. Once conclusions have

been secured, recommendations are presented along with explanations on the bases
for the canclusions.

The knowledge base of an expert system comtains the expertise - collected from
experts, books and publications ~ used in providing advice urder a variety of
corditions. This expertise describes a methodology for solving a problem as a
human expert would solve it. The knowledge is encoded using rules, frames, or

other techniques for xnowledge representation and is manipulated by the inference
engine to provide advice amd recommendations.

There are same benefits to be cbtained from the use of expert systems. One of
the pressing and most significant problems in decision ma-ing is the fact that an
expert cannot be available at all sites at all times. - Expert systems make it
possible to deliver expertise to remote locations where experts are not always
available. It is also apparent that aside from providing advice, expert systems

becane repositories for undocaumented knowledge which could otherwise be lost
through retirement.

Ancther cbvicus advantage is that expert systems do not get tired or careless as
the work load increases. In the envirurment of a muclear power plant, pecple are
samecimes affected by emotions, stress, and other factors which could influence
the quality of their work. Expert systems can contribute to the enhancemant of
plant safety by eliminating same of the uncertainty and guess work from persarmel

decisicns (3). Expert systems can provide expert advice and rapid access to
databases and other vital information.

manipulate knowledge while comventional programs manipulate data (S]. In a




conventicnal camouter lamguage, instructions to be executed are presented
sequentially amd are highly interconnected. There is an algoritim to be
followed, and execution of the program implies a logic flow from ane instruction
to the next as presented in the cxie sequence. The expert system style of
programning has fundamentally changed the way we give instructions tn the
camputer and how the machine executes those instructions. Instructions are
logically comnectaed - not sequentially - ard as long as there is a logical link
between the input and the conclusions, the inference engine will evemtually
arrive at a result.
The separaticn of knowledge and inference techniques in an expert system
simplifies greatly the task of updating knowledge bases. Since knowledge is
structured indeperdently, it remains distinct and legible and may be deleted,
changed or included in a system without — extensive logic redesign. 1In
conventicnal camputer programs, in contrast, the knowledge is interwoven with the

program logic and structure, and changes are baurd to distuurb the behavior of the
program.

An expert system contains a degree of self-awareness

or self-knowledge that
allows it to reason about its own operations. This

self-knovledge gives an
expert system the ability to provide explanations on its decisions amd to
generate status determinaticon information.

Expert systems also have the ability to manipulate uncertain, or fuzzy data.
When the data in the knowledge base is specific ard precise, expert systems give
results that are unambiguous. However, when information is not preciss,
incawplete, missing or conflicting, expert systems can still reach a rational
conclusion or solution through the use of confidence factors. Under these
corditions, an expert system will give the "most probable" salution or the "best"
saluticn, but not necessarily the correct solution (3). Experts are somstinoes
forced to make subjective evaluations. Such subjectivity may be easily
incorporated into an expert system using confidence factors.

. The impact of the technology of expert systems
has been felt mmnyamsofscxence, education, and irmdustry. In the last ten



years, develcpment efforts have resulted in the implementation of a great
mmber of applications now operaticnal, or in the prototype stage. In the
miclear industry, there are many areas in which expert systems could make
significant contributions. Bxpert systems are foreseen as providing promising

solutions for problems in personnel training, plant management amd safety
evaluation.

The ability of expert systems to generate status determination m.f.crmt.lm amd to-
provide acplanatmrs on the bases of their canclusions, can be used in the
training of personnel [4]). Additicnal benefits are to be qained frum the design

and implementaticn of the system itself, which will force the development and
documentaticn of decisicn making policies.

In the management and operation of nuclear power plants, expert systems can
contribute as expert assistants to the operators, as monitiuring and validating
‘systems for sensor data, and as on-line access system for performance ard safety

data. Obviocusly, the romvstness and campleteness of the systems to be daveloped
is of critical concern.

e Advi

The Safety Review Advisor is an expert system to aid in 10CFRS0.59 evaluatians.
In building the SRA, we attempted to emulate the thought process of a reviewer.
To accamplish this, the expert system must ask some questions that the enginesr
wauld address autamatically. For eample, the engineer evaluating the proposed
acthtymstfu'stdetezmnemthartheacnvxtymaqua or a test or
experiment and then apply the appropriaste criteria.

Once this distinction has been made, the ergineer begins to evaluate the
proposed activity in greater detail. If the proposed activity is a change, the
engineer must determine whethar the change will affect only tha facility or will
also require a change to a procedure. However, both possibilities must be
evaluated since either could require NRC ajproval prior to implementaticn.



Proof. of principle Prototype, the SRA deals exclusively with changes to the
facility. Specifically, the Prototype addresses charges directly affecting the
Standby Power system of the Sequoyah Nuclear facility. Figure 2 shows the block
diagram of the PIOtotype under constructien.

A full scale system, asdepictadi.nfiqurel, m;ldaddx'ﬂssdm'qestnbommm
facility and procedures, as well as the possible effects of Proposed tests o
- evperiments. Our choice of which branch to mede} was based on canversations with
T™VA perscrnel. They irdicated that tha majority of their evaluatians, and the
MWimmem:stpotem:ial impact on safs , mreperfcrmdanpropcsadd'ungea

meappmpriatesubsystmisdwsen,thasmmdetnmi;u which camxanents or
sets of camponents will be affected by the mdification. Fach inquiry presents a
different list of choices based an the reviewer's input ‘
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After the prowotype sufficiently narrows the focus t© a particular component or

group of ocomponents, the system respords with the appropriate information. This
information includes design criteria references, SAR referemnces, amd other
critical informaticn ("rules of thumb') relevant ©o the component.

For instance,
if

the reviewer were evaluating the possible modification of the diesel
generatar's heat exchanger, the prototype would list all the appropwiate SAR
 references that address the heat excharger. The SRA wauld provide the
appropriate requirements set farth in the dosign criteria ard design basis
documents, and it would also previde rules of thumd used by the diesel genevator
experts 1n evaluatinc the performance of the camponent (such as "only 15% of the
tupes 1n the heat exchanger may be plugged withaout affecting its heat removal
recuirements’). The SFA would also make a recamendation regarding the necessity
of perferming a Safety Evaluarticn haseci on the reviewer's response.

Loterrminirg 1f a full scale safety evaluaticn is required is not the SRA's most
mportant camtrituticn. The biggest benefits are 0 be drawn from the callection
of informaticn presented to the evaluator. This information catains not only
the expertise of several experts, but also licensing document references which
cxld be very helpful in the docamentaticn of the review.

T™A, Like many cother utilities,

has designated engineers to perform Safety
Dvaluaticns.

Easy access t©o informaticn about each system and their major
components, walld sigruficantly reduce the research time requured to perform the
evaluations. It would also help alleviate the conoermns about inconsistency in
the perfarmarce of safety evalustions.

PROJECT STATUS

Development of the SRA began in Jarmary 1989 amd it is approimately ons third
camplete. The curent version of the system wvas coded in Texas InstTumsnts' PC

Flus following a modular design plan. Evermually each modile of the SRA will

address a differemt plant system. Intercornections among Ssystems are  also

included in the design. Once campleted, the SRA will be capable of addressing
all mdifications tc Sequoyah's Standtyy Power system.



The feasibility cf incorporating simplified plant system schematics imto the
prototype is being explored. Develcoment to date has indicated that this
capability will be a necessity for implementaticn of a large scale system.

REQCMMENDATIONS

1f the system 1s to be exparded, ithmldbaadvisablatotﬁnsportﬂ\esysmm
a more powerful expert system envirorment or to code the SRA directly in a
prograrming language. The size of a full-scale system is assured to cause a
significant increase in the time required to run a cansultatjon urder PC Plus.,

One of the major issues of a full sized expert system would be its ability to
incorporate CAD drawings of plant systems and schematics. In a large system this
capability will be almost mandatory. OCamments from VA persamel who reviewed
the system irdicate that there is a problem with consistent terminclogy. What
the system ergineer calls a 15 gpm pump, the engineer performing the review calls
a fuel transfer pump. Both irdividuals are correct becausa on two different
drawvings different names are given to the same punp. Unless CAD drawings are
inccrporated in a full scale system, this problem will be aggravated.

CONCLIISTORS

The prototype Safety Review Advisor under develomment will address proposed
modifications to the Starndby Power system. The prototype is not a care for all
the woes that beset the engineer attampting to evaluate a proposad modification.
It carnot addross all possible chamges, tasts or experiments. The best that can
be hoped for with the techrology at hand is to develop an aid for the ergineer to
help him perform the evaluaticns more thoroughly . omsistently and efficiently.

If the SRA were to be developad on a full scale, the issue of tha engineer's
deperciercy on the system would have to be addressed. The prototype is designed
strictly as a tool to assist erngineers in performing the evaluations. A8 with
any cther tool, the cld adage " you need to be smarter than the machine you are

tIying tc operate " still applies. There is concerm that such a system would



create camplacency in the engineer. An engineer using an expert System must
always be aware of the baundaries and limits of such a system. The goal of the
system is to direct the reviewer's attention to potential areas of concern, not
to perform the evaluatian.
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