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INTRODUCTION

Imerroving nuclezar rezctor Fower slant ogrergbility is an ever-

2rnt concern foar the nuclezr industra. The definition ¢f Frlant crer-—
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atsy and efficiency. In this rarer w2 rresent our chbsery

ut
w
&

cerning the iszues involved and the pernefits derived from the imelemen-
taticn of & computer grelicaticn which combines trezditional comruter
arrlications with artificial intelligence (Al) methodolosies. A sastem:
the Comronent Confidgurztion Control Sgsstem (CCCS)y is being instslled tco
sursort nuclear rezctor orerations at the Exrerimental Breeder Resctor
II (EER-II1)y located in Idasnc and run b2 Ardgornne Natiomal Labhaoratorw for

the Derartment Of Enerdgw.

As noted by Lay and Menkelllr» currently in the United Stastessy thersa
is very little direct comruter control of the rezector in nucleasr rower

Plants.'The orerator controls the reactor throush a srecified set of

- complex seauences of switch settinds and valve manirulationss; that iss a

.

lseriesfof'éomponent confiduratiors., The knowleddge base reauired of the

- --pepgctor orarator is verw extensive, The collection of comronents can e



verd larde and form an elaboratz network with many rFossible =3ths which
rrovide 2 multitude of accertable and uwnsccertsble rrocess functions
L2»254], During oreration of the rslant, the rrorer interrretation of
the censor readings recuires tiiat the orerator have 2 thorough under-

standind of comronent relationshiers and the associzted laws of snhysics

and chemistry.,

In sodition to krowing time #hwsicsl relstionshnirs: the orersztor
must be thoroughly familiar with Techniczl Serecificastions amd zdminis-
trative constrzints. Techrnical Srecifications are.19331 documents which
list the conditions and sequence of comronent confidurations which must
be observed when ogrerating thz resctor. Adaministrative comstraints are

nigemert . Within these constraints

0

larnt rolice and are determined by m

o

R\

there is consideratle latitude for the orerstor to cortrol the slant.

-

Uranticirzsted rlant rarameter excursions which arrroach Technical
Srecification boundaries are 3 mador cause for the ~lamt to be shut down
which im turn results in less-tham-ortimzl #lant oreration. A measure
of #lant efficiency iz tne rlant carzcite factor (FCF). It was rerorted
in Nuclear News[31 that in the United States the averade amnnusl PCF
randed from S1% to 63%. Manyg of the unexrected shut-downs cowld be
avoided if the orerator had currently validr rertinent rresentation of
#lant rarametersy associated "tradectories® of the rarametersy angd vali-

dated znalusis of rrodected changes in comronent confidgurations.

COnPuter aP911cat1ons used in the reactor control room are nearlw

“aluass lznzted to data collect1onv arch1v1ns and drarhics dlsplas.>_1t

is npt'fgasible to redesidgn the control sustem to Prov;de more direct

\



comruter comntrol, Thusy Lo imzrove slant orersbility the slternative is
to Ffrovide the orerztor with 2 surrort sustem which will more effectly
and directls sursort the decision Frocesses, 1ne seneral regquirementis

are that the suystem rFrovide:

and conrsistent resuits

=S aols of =roof of correct-
3 not subdect to emotion:z ress)s

ctive prerztor intsractions
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rerformasnce and resronsiveness concistent with rlant reauire-,
ments; i i

r
4, effective sresentaticrm of curr%nt #lant status (including
current comronent statusy;

w
-

#lant raramsztersi

o

5. effartive sresentation of reliaple srrodecte

§. valideted stz2te {(rarametery, orerationszsly znd rerformance) resd-
1ndsy

7, validated knowledsze base?

g+ velidated znalusis and dissnosis of #rorosed changes in com-
ronent statuszs relastive not only to the Fhusical recuirements
but 3lso with resrect to the Technical Srerecificstion and admin-
istretive Constraints.,

The aipove srecificasticns combine the more traditionsl arrlication sustem
recuirements with reaquirements more closel:s sssaciated with AI, More-

overr the comrorert sgystem can be comepletels Adescribed in 8 data base

-

2long with the rules of interaction so thst 2 reasoning swsstem can be

used to rrovide validated results rather than heuristic methodolodgies.

The sustem presented in this rarer is 2 axiomatic infererntial sustem» it

is not an exrert sustemlé1].

THE SYSTEM



A s=3stems the Man Machine Control Sustem (MMCS)swhich addresses the
concerns and srecifications listed abcocver 13 beins develored and tesled
at EBR-IILC?71, Thic rarer diccusses 3 subsystem of the MMCSs the Com-
soment Confisguration Control Swstem (CCCE)L8:] which provides sssis-
tance in the form of an amel=sis of rrorFosed chandes to the stzies of

comronente in the eslant snd/or rlant furnctionmsl requirements and sdmin-

rements znd consiraints are determined
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censtraints,., The renu
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b vstem gozls derived frem the mode of oreration. The CLCS has been

[is
w

decsigred to be dernerslle arrlicable to cother nuclear reactor rower
rlants. Externzive use of comruter dgrarhics for both inPut and outrut
#rovides for the humsn factosrs interfzsce recuirements and insures the
inrFut of reliakls 2nd consisient dsta. It was decided to use 3 Frolas
imrlementationlfi0l, where fezsitlsr for the rezsoning rortion of the

grrlication since 3 very successful rrototure of that rortion was

develored using the langusdge [111,

A& CONCEFT OF STATE

tate is an asostraction snd can te defined in general a3s a condi-
tion of existerice relative to z defined set of circumstances. We define
state on two levels Df.abstrsction; ~arametric and sumbolic. Parametric
level is the 1g;§st and is defined by rarametric states, The sumbolic
level is divided into orerational and rperformance states., States in the

sumbolic level are derived from Parametric states. Both levels of state

refer to the condition of exisience of a3 Physical sustem.

Parametric states are defined bs rphusics units (dimensions) such as

Frressurer temeeraztunrer neutron fluxs voltsy masss enerduys and time. As

-] -



an exameler one midght sav that the ernerds state of anm obdect is x erds
or that it’s heat state is = ecazlories. The rarametric state is exrressed

35 3 numeric value attached to 3 Fhysics dimension. Sindgular or multisle

arametric statez are used to derive grerationsl and rerformance states,

The orerstionsl state ensrresses the condition or readiness of
creratinon of an ocbJdect. The crerztionzl state of 3 heat exchanger might
e "on', This state i3 interpreted to mean that the hest exchanger is
active and is availatle to rrovide the rrocess of tnermsl reduction.
Howevery this state makes no reference 35 to how wgll the heat exchénéer

is rerforming the rrocess. The orerationsl state is either assumed or

derived usin3d rarasmetricsl stztes.

Th2 issue of rerformsnce i3 characterized by the rerformance state.
Thne serformance state gescribes the condition of rerformance of an
cirdect., The rerformance state of 3 heat exchanger mignt ce *100%" which
means that the heat exchanger is rroviding the rrocess of thermal reduc-
tion and is rerforming at 100% af the rated desidgn caracitw. This state
is determined by comearing the rezl-time rarametric state of an obdect

=

tg the design sarametric state of the obdect.

Orerational and rerformsnce states cam be summarized 25 followss?
the oreration ;%éte imrlies configuration (rotential behavior) of an
obJdect and the rerformance state imrlies res3l-time behavior of an
obJject. Fresently the CCCS rerforms analusis of orerational states. In

the future the CCCS will be exrpanded to include parametric and perfor-

mance state analusis.
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DEFINITION OF THE

isrusses the desidgn functions of the CCCS3. These

[n8

This section
furctions rrovide for the sgstem recuirements as defined inm the techmi-

ecificstion. The desidn functions are imract snalusis{IAl,

csl

[T}

arnalusis exrmlanzticn{AE?sy a2nd zlternste solution determination{ASD).

Imrzct fAralssisi{lali

IA determines the imeact o7 8 selected comroment comfiduration with
recrect to @ srecified slant or system mode. The selected configuration
is chosern in ressonse to either an orerations recuirement (shift from
S07 carzcituy to 79% caracity) or & maintenance recuirement (re?lace the
seal on the $2 fesdwzter rumr). The system mode defines the s=rocess dgozl
and subloals that must be csatiecfTied bz the sustem diven the selected

configuraztion. The configuration is analwzed with resrect to functiornzl

cezrabilitey 2rnd sdministrative constraintsy real-time or simulated rlant

stater and singulsr or multirle ~rimars sSoals.

The selected confiduration is first analuzed to determine its func-
tionslite and sdministrative conmsiraint limitationms in associstion with
the rrocess goals, Functionalitwe defines the confidurstion’s abilitwe to
rrovide rrocess functfons. ddministrative constraints exrress the limi-
tations imPosedkﬁn configurations by the Techmnical Srecifications (55
defined in the FSAR) and rplant administirative rolicy, It should be noted

that a3 comfiguration can provide the necessary functions required by the

mode goal and dvet fail the analusis due to constraint Qiolations.



Arzlaezing the configuration adgeinst theze criteriz sllows the sws-
tem to determine imract differently in emerzency and non-emerdency
situations. In rion-emersencs situations 3 confiduration must satisfs the
functionality recuirements without violating the full administrative
canstraint set, However: in the zmerdency condition the zsdministrative
constrezint set is dunemically reduced with reserect to the severity of
the emergency and thereby shifting the emrhasis of the ansalusis Loward

configuration functiomazlita,

The IA functiocn 38lso rrovides analuciz with resrect to either
resl~-time or simulated rlant ststes. Resgl-time Plapt state znalusis
imroses additional state constraints. These constraints are 3 function
of the rezl-time crerational cara3bility c¢f the comronents and red-itad
disrosition, Rezl-time ore2r3tionzsl carzbility is charscterized b thne
crerationzl stste of the comronent. Thece states are defined as orera-
tionaly maintenancey and failed, Red-ts3s are danger t33s rlaced on com-
ronents that srecifw the state in which the comronent must remain and
therefore 1im;t the state srace avzilable to the comronent. Simulated
#lant state zmalwzis imroses no state limitetions onm the comronents, IF
ana3lesis is rerformed usinz simulated slznt states thnen the comrlets st

cf comronent desidn states are availastle for oreration.

Essentiall%} IA comrares 3 selected confisguration to maode reuire-
ments, The selected caonfiguration is derived from orerational and/or
maintenance do2ls. The mode reauirementsr which define the doal
érocessesr are rroduced by the sustem/rlant desisgn. The selected confi-~
duration srecifies s desire and the mode reauirements specifs

rhusical/functional carability. Flant oreration is classified in a



rneturzl set of mcdess eg., orerstions maintenances refuelingy and test-
irid, These modes arz2 further divided into suvomcdessy sub-submodess and
ete., Ir some casess modes share rrocesses and exnipit a3 certzin a2mount
c¢cf derendence, IA recuires that 3 mode requirement be assigned to a
selected confisuration errior to imrzct snalusis. Rezlizing that there is
natursl set of mode descrirtions and thaet these modes can nave

ceessecsy I 3llows the selected comfiguration to be
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z2s3iZrned to multirle modes, This rrovides an arnialuszis with respect to

miultirle dozls withnn sepecific asttention rzid to srocess intersgsrstion.

Anagluesis Exrlanation (AE) !

It is human nature to doupt and puestion. The naturasl subseeuent action
when interfzcing with s comruting sustem that exhibits the carsbilite to
regson is te suestion the s4stem’s logic sssccisted with its conmclu-
sions, The CCCS sravides an exrplanation as to the rulesy factsy and
logic 3ssociated with the ime3act conclusions it derives,. The exw+lanmnation
iz rresented hierachically and interasctively. The sustem initizlly ﬂives
3 dgeneral ex#lénation a5 to the derivation of its cernclusions A more

detziled eurlanation is siven a3 a3 result cf requests from the human

v o

I

olement. In this interactive wadr the numan element can auers the

machine element 35 to its comclusion derivation.

The following will illustrate the anslusisz exrlanation. Surrose we

have a8 Process in 8 sustem that provides a3 ¥ressure differential and the

desired mode gosl is "ctooling®, The epressure differential srocess con-
sists of a3 suction valve, turbinmer and 3 discharge valve. The states of

these comronents are suction value closedy turbhine offr a3nd discharde



OPEMN. Zince these comronents are in the selected configurastions in
trieir Frresant statas» and Ltne 233sizned mode reauires the pressure dif-

tive imrzct. Whern ssked to

(S
o

ferential thern the CCC2 will conmclude 2 nez:z

@rlainy the CCCS will reseond with *Cannot be in cooling mode due to

luss of flow's see fifure 1. Subcexuent guers be ithe humen element will

z resuylt of no Pressure dif-

¢}
m

dotermine that the imrz2ct was darived

ferentizl srocess (turbine off) and sn ircomslete reih(closed suction

+

walvel,
Cannot be in cooling mcde
due to loss of flow
Ilo not have =ressure o not have ~2Ln

differential ®mroces

R

turbine off Iio not have Have
suction rathn discharse sath
surticn valve dischasrde valwe
clesed OFaM

Fidure 1« An Exslanation Model



Alternzte Solution Determination (ASD?

If the selzcted confizuration for the recuired mode hass an sdverss
impactr the CCCE will rrovide rotentisl sclutions to the numan element.

AST 1s an interactive festure amd is inmitizted 9 the human element.

ASD derivecs the rotentizl sclutioms by evzluatinzs the mode inmferentizl
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2xPFression with reseect t:

as defimed bge the

mede recudirements., The humzn itterstivels aueries the sgstem until an

Jocestzble solution is derived or 3 new strateswy is desired.

ASFECTS OF ARTIFICIAL INTELLIGENCE

Krnowledss in 2n AL svetem cern be modeled 35 heuri

gzined bw gxdrerience 2nd is ususlle masnifested 25 rules
Heuristic krowledge doss nzt neve an exslicit rroof as
a3md arrliication to the shercmzrmon. AL sgstems that wtil

kriowledse re deciznsted zs eurert cydstems [ref courseld

7
i1}

kricwledge is derived from the structursl and behaviorsl

iy

af 5 rheromenon and =rovide zo exrlicit rroof 23 to it

)

arrlication [dietmewerl., Al swstems thet utilize ssiom
be desidgnated 25 axiomatic inferentir! sustem. The CCCS

inferentizl sustemy the CCCS i3 not a1 exrert sustem.

zstic knowledse

f 3 shenomenon
of thumb,.

f

fo its existence
ize hewuristic
. Axiomatic

characteristics

o
=
o

existence
and logic will

is anm zxiomatic

Irn order for the CCCS to rerform its functions srecific knowledse

concerning the rlant musti be known. This knowleddge is categorized as

structurzly behaviorals constrainty and resal-time knowleddge as discussed

in the raradrarhs above, This knowledde is modeled 3s rules and facts,

~1Q-



Tthe rules 3re enrreszed in Booleoan losic snd resresent the eeuations of
stzte from which the mode configurstionz zre derived., Boitn the rules and

foots are implemented 3¢ Horn Cla2uses [122, laract is ressoned about

a

Wsirig resolution 33 srovided ow FProlos=.

Tha LCCS is5 comerosed of Ltwo parlsi z gseneral rurerose ansluzer snigd 3

o

dztz base. The analezer s2rovides the control and reaconing comstituents
ari the LCCS5. This eart of the szustem is comrletelw transrortable and canm
e imelemented on ang comelex electro-mechznicz2l svystem. The datz base

srecific to the electro-mechsasnical szstem it defines. Thereforer =

,.
%]
il

4

ity desiring to imeplement the CLCCE weould transrort the anslszszer and

~n
1]
-
f—
[

uwe

21l thelr own Taclilits srecific data bzsce. He stress facility because

n

the CCCEZ concert is mot limited to-Just nmuclear power rlantzy the con-
cewt czn be 3FrrFrlied to zne2 electro-mechanical sestem, In fsct we

melisve that shw swctem built of obJdects thet rossess functiomal attri-

i
3
i
e

[T A

a0 exhibit lodicsl relsticmshiss can e znalused for funciticrnzl-

fis
@

relationz2l asrects ueinz tne CLCE.,



THE IZSUE OF FUTURE EXFANSIONI

The lang term exransion rFlens are
MMLCE is & control sestem that rerforms
a2ng orerzies 2t the inferernce level in
Howeverr the immediate exrznsion slans
snzlysis: automatic reconfisvraztion
sriterie for ASDy 2rnd =rocf of correct
is discussed in the section & CONCEFT

determi
subsepuent to the oceourranc
where the rlent gting
woeld zulomaticasllw
iest zchievakle do
from wmode medels,
eternined from
o functions
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