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AN APPRCACH TO BUILD A KNOWLEDGE BASE FOR REACTOR
ACCIDENT DIAGNOSTIC EXPERT SYSTEM DISKET

* F*k
Toshihiko AOYAGI , Kazuo YOSHIDA, Yasuhire HIRQTA
Kazuo FUJIKI and Atsuo KOHSAKA

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received February 1, 1988)

In the development of a rule based expert system, one cof key issues
is how to acquire knowledge and te build knowledgé base (KB). On
building the KB of DISKET, which is an expert system for nuclear reactor
accident diagnosis developed in JAERI, several problems have been
experienced as follows. To write rules is a time consuming task, and
it is difficult to keep the objectivity and consistency of rules as the
number of rules increase. Further, certainty factors (CFs) must be
often determined according to engineering judgement, i.e. empirically
or intuitively. A systematic approach was attempted teo handle these
difficulties and to build an objective KB efficiently.

The approach described in this report is based on the concept that
a prototype KB, colloquially speaking '"an initial guess', should first
be generated in a systematic way and then is to be modified and/or
improved by human experts for practical use.

Statistical methods, principally Factor Analysis, were used as the
systematic way to build a protetype KB for the DISKET using a PWR plant
simulator data. The source information is a number of data obtained from
the simulation of transients, such as the status of components and

annunciators etc., and major process parameters like pressures,
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temperatures and so om.
The results of diagnoses shows that the statistical method, Factor
Analysis, is powerful for building a prototype of knowledge base of an

expert system for reactor accident diagnosis like DISKET.

Keywords: Knowledge Base, Reactor Diagnostic System, Reactor Accident,

DISKET, Factor Analysis, Multivariate Analysis
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-0.021527
-0.212411
-6.032706

645650
-6.,297506
6.329152
0.7731386
0,188774
0.612249
-0.016672
-0.057931
-0.006538

19282
G.011544
9.542281
Q.076707
0.928782
0.267173
0.046806

-0.003870
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#2415 M= rU o721 (EHEAL, A2ET7—4)

-— CORRELATION MATRIX --

VARIABLE NAME CID¢ 1) cIpe  2) Ci1D¢ 33
cI1p¢e 1 1.000000

CIo¢ 2» -0.379142 1.000000

cin¢ 3 -0.391240 -0.040931 1.000000
ACRDSTP 0.655814 -0.73B299 - 0.1353897
ACRDBTM -0.474167 0.767161 -0.205572
ACEDWIL -0.873913 0.505421 0.284322
ALEVPRH -0.688%5¢2 C.700773 0.160834
ATEAVGL 0.229308 -0.530544 -0.495773
ALESGBH 0.250768 -0.718476 ~0.513258
ALESGCH 0.250768 -0.718476 -0.513258
PREPRZ 0.247877 0.112091 -0.757554
LEVPRZ ~-0.321270 -0.614514 0.699781
TEMPRL -0.688952 0.70Q0773 0.160834

#‘31_
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X416 ME~ Yoo RQ) (BEEHEAIET T —40)

CORRELATION MATRIX

VARIABLE NAME CIbC 13
CID( i 1.00000C0C
CIDC 23 -0.323524
AINISI -0.270512
AINISG -0.456409
ACRDSTP -0.456409
ALEVPRH 0.263614
ALEVPRL -0.108526
APREPRH ~-0.201701
APREPRL -0.091623
ATEPRLH C.233806
APRERTH 0.08s8820
AFLRCSL -0.611169
ATEMLDH 0.109348
AFLCHAH 0.086820
AFLCHAL ~0.254023
ATEAVRF -0.096342
ATEAVGH ~0.05%9167
ATEAVGL ~0.359346
ALESGBH ~-0.382666
ALESGBL -0.168185
ALESGCH 0.202773
ALESGCL -0.168185
AFLSLH C.544664
APRSLL -0.673418
AVISOLC ~0.185643
AVSDVAR 0.280498
AVISOWF -0.270512
APRECVL -0.280498
ARUNBTR -0.14180¢
AVOLRGT 0.141800
ATRPBR4 -0.366390
FLRCS1 -0.375489
FLRCS2 0.225954
FLRCS3 -0.126552
GFRCS1 0.3663%90
GFRCS2 0.661337
GFRCS3 0.3%90485
PREPRZ 0.163580
LEVPRZ -0.642854
TEMPRL -0.044391
TEMPRT 0.086820
‘TEMAVE -0.653888
SPCROD 0.362038
FLCHAG 0.254023
TEMLED 0.602227
TEMVCT 0.499707
LEVSG1 -0.280498
LEVSG2 -0.280498
LEVSG3 ~0.05688¢9
PRESG1 0.754682
PRESG2Z 0.808424
PRESG3 0.808424
TEMPFW -0.230883
PRCONT -0.456409
TECONT -0.45640¢9%
NUMTUR 0.003747
PRCOND -0.688729

_32_

cIiopc¢ 23

1.000000
0.057684
0.13919%
0.13919¢9
-0.324736
0.268049
0.127876
0.0347%96
-0.088351
-0.060388
0.666617
-0.117586
-0.060388
0.015820
-0.101020
£.182009
0.424071
0.355393
-0.356076
-0.333205
-0.356076
0.282%942
0.32405%9
-0.141998
0.6%90122
0.057684
-0.690122
0.032203
-0.032203
0.251594
0.380808
-C.300343
-0.1%94421
-0.2515%4
-0.626668
-0.5512%2
-0.197700
0.565108
-0.001823
-0.060388
0.026291
-0.152861
-0.015820
-0.286031
~0.365603
-0.6%90122
-0.690122
-0.748999
-0.360934
-0.535174
-0.535174
0.141217
0.13919¢9
0.13919¢
0.157C47
-0.08371¢0



VARIABLE NAME

cIp¢e 12
CIp¢ 22
CID¢ 32
CIDC 43

ACRDBTH
ACRDWIL
ALEVPRH
ALEVPRL
APREPRL
ATEPRLH
APREVTH
APREVTL

ATEMLDH

AFLCHAH

AFLCHAL .

ATEAVRF
ATEAVGH
ATEAVGL
ALESGE
ALESGCL
AFLSLH
APRSLL
AVSDVAR
ARUNBTR
AOFTDRL
ATRPBR4
ARADMAL
FLRCS1
FLRCS?
FLRCS3
PREPRZ
LEVPRZ
TEMPRL
TEMHL1
TEMHL2
TEMHL3
TEMAVE
RFLUX
SPCROD
FLCHAG
TEMLED
TEMVCT
LEVSG1
LEVSG2
.LEVSG3
PRESG1
PRESGZ
PRESG3
FLMFVW1
FLMFWZ
FLMFW3
TEMPEW
FLMSF1
FLMSF2
FLMSF3
PRETR1
QRGENETR
NUMTUR
PRCOND

#4017

cIcc 1

1.000000
~0.009746
-0.192395
-0.167274

0.372619
-0.277023
-0.192733
-0.342860
~-0.243807
-0.16G9323
-0.100479
-0.276093
-0.181111
-0.164065
~0.2994637

0.638893

0.447596
-0.160274

C.289652
-0.192733

0.695168
-0.05582¢9

0.554420

C.647224

C.447596
-0.181111
-0.051493
-0.05582%9
-0.05582%9
-0.05582¢%
-0.18928%9

0.216972
-0.16%323
-0.0290C00
-0.02900C0
-0.02%000
~-0.029000
-0.718777

0.369815

0.203508

0.C5582¢9

C.057440
-0.72C096
~0.791026
-0.659382

C.475403

C.475405

0.475405
-0.831215
-0.831215%
-0.780880
-0.373798
-0.831215
-0.831215
-0.780880Q
-0.780880
-0.645924

0.4647596
-0.011303

JAERI-M 88-044

cIc¢ 2o

1.000000
-0.126580
-0.338198

0.199255

C.483559
-0.260192
-0.184666
-0.097424
-0.269631

0.320310
-0.0503%93
-0.292844
-0.065106
-0.383903

C.164570
-0.238515
-0.041573
-0.270150
-0.2601%2
-0.316659

0.0C8068
-0.058830

0.204400
-0.238515
-0.292844

0.199443

0.008068

0.0080¢68

0.008068
-0.29%9177
-0.067787
-0.269631
-0.116573
-0.116573
-0.116573
-0.116573
-0.328513

0.83164¢6

0.41125%9
-0.008068
-0.325754

0.027503

0.120681

0.225084
-0.211723
-0.211723
-0.211723

0.046366

0.046366
-0.067600

0.105268

0.046366

0.046366
-0.067600
-0.067600
-0.073180
-0.238515
-0.327655

AR~ P Yy 7 AQ) (FHHEB L ~B4 LT 7 —24)
CORRELATION MATRIX

CIopCe 3

1.000000
-0.334714
-0.330932

0.231192
-0.302325

0.646654

0.482473
-0.022527

0.034671

0.709094

0.215982

0.429873

0.424127

0.412851
-0.137231

0.569939
-0.187636
-0.302325
-0.4316%4

0.352078
-0.094337
-0.196535
-0.137231

0.215982

0.139119

0.352078

0.352078

0.352078
-0.1675%95
-0.905481
-0.022527
-0.469704
-0.469704
~0.469704
~0.469704
-0.094308
-0.056953
-0.250769
-0.352078

0.231001

0.240668

0.320222

0.430428
-0.499857
-0.499857
-0.499857
-0.144568
-0.144568
-0.246094
-0.214584
—0.144568
~0.144568
~0.246094
~0.246094
-0.222334
-0.137231
~0.458781

CIDC 4

1.000000
-0.143927
-0.114876
-0.099253
-0.240592
-0.115170
-0.095426
-0.033977

- =0.2046628

~0.084372
-0.061231
-0.097939
-0.31784¢6
0.09017%
-0.206451
~0.149774
-0.099253
-0.084682
-0.222017
-0.008480
-0.265567
0.090179
-0.084372
~0.041777
-0.222017
-0.222017
-0.222017
0.102485
0.356671
-0.095426
0.1%9516¢6
0.195166
0.195166
0.195166
0.342498
~-0.462118
0.052441
0.222017
-0.203333
0.046773
0.030709
0.071480
0.177714
0.177714
0.177714
0.270563
0.270563
0.187721
0.22522¢9
0.270563
0.270563
0.187721
©.187721
5.330878
0.0%90179
0.808267
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#
*1F
H(BB,O.5:%)
*THEN
FCACRDWIL,T?
FCALEVPRL,T)
F(APREPRL.,T)
FCAPREVTL,T)
FCAFLCHAHAT)
FCAFLCHAL,T)
FCATEAVRF,T)
FCATEAVGH,T)
FCATEAVGL,T)
FCAFLSLH,T)
FCAVSDVAR,T)
FCARUNBTR,T)
FCAQFTDRL,TD
#

-
-
->
->
->
-
->
->
->
->
->
->
->
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H(FACTBZ2,0,23)
H(FACTB3,0.40)
H(FACTB3.,.0.23)
HCFACTB3,0.49)
H(FACTB3-0.17>
H(FACTB3,0.172
H(FACTB1,0.39),H(FACTB3,0.16)
"HC(FACTB1,0.19)
H(FACTB3,0.31)
H{FACTB1,0.47)
H(FACTB1,0.31)
HC(FACTB1,0.192
H{FACTB1,0.19)

H(LLEVPRZ,Q0.5:%) =-> H(FACTB3,0.81)
(1:H(LTEMHL1,0.5:%) H(LTEMHL2,0.5:%) H(LTEMHL3,0.5:%3)
HC(LTEMAVE,O0.5:x) -> H(FACTB3,0.21)

HILQFLUX,0.5:

*)

-> H(FACTB1,0.502

H(HSPCROD.Q.5:%) -> H(FACTB2,0.68>

H(HSPCROD,*:0.5) & H(LSPCROD.,*:0.5) -> H(FACTB4,0.21)
(1:H(LLEVSG1,-0.5:%) ,H(LLEVSG2,0.5:%),H(LLEVSG3,0.5:%))
(1:H(HPRESG1,0.5:%),H(HPRESG2,0.5:%) ,H(HPRESG3,0.5:%))
(1:H(LPRESG1,0.5:%),H(LPRESG2,0.5:*),H(LPRESG3,0.5:%))
(1:H(LFLMFW1,0.5:#) ,HC(LFLMFW2,0.5:%) ,H(LFLMFW3,0.5:%))
(1:H{LFLMSF1,0.5:%),H(LFLMSF2,0.5:%) ,H(LFLMSF3,0.5:%))
H(HNUMTUR,D.S5:%) => H(FACTB1.0.19)

H{LPRCOND-0.5:%x) -> H(FACTB3,0.20)

H(HPRCOND,Q.S5:%) -> H(FACTB4,0.64)

H(LPRETR1,0.5:%) -> H(FACTB1-0.60)

H(LAGGENETR,0.5:x) =-> H(FACTB1,0.40)

*END ¥
#

4.6 o r— o]

_41,,,

->
->
->
->
->

H(FACTB3,0.21)

H(FACTB1,0.51)
H(FACTB1,0.222
HC(FACTB3,0,24)
H(FACTB1,0.68>
H(FACTB1,0.68)
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B O ¥ A3

¥ B 8 B ¥

FF— A F: G G G- v G {

1 2 3 4 5
ARV L—HEESBIE 0 0 0
% 7% R 5 PR 0 0 0 0%
FRIAKEH o 1 1 1

FEAEHE 1 o 0o 0o 1

F(4RVZVL—hg®@eEds, T) -—-> H(BEH3I, 0. 2)
F (ERABEFA, T) ~-> H{(#H&%5, 0. 2)

K47 /PNaHEOL— vOEEH

*I1F
H(FACTAZ2, 0O.5:x}
*THEN
FCATEAVGL, TY -> H(FWFPL ,0.2) H(FWFTL,0.2)
(1:FC(ALESGBL,T),FC(ALESGCH,T>?

~> H(FWFPL,0.2)  H(FWFTL,0.2),HC(CCWTL,0.2)
(1:F(ALESGBH,T)Y,F(ALESGCH,T2?

-> H(CSGLFH,0.2)
FCAVISOLC, TY -> H(CSGLFH,0.22
FCAVOLRGT, TY —-> H{(GENTRP,0.2)
H(HSPCROD,0.5:%) -> H(FWFPL.0.2)
Y¢(HTEMVCT,Q.5:%) => H(CSGLFH,0.2) H(FWFPL,0.2)
H(LTEMPFW.,Q.5:%) ~> H(FWFPL,0.2)
H(HNUMTUR,Q.S5:x) -> H{GENTRP.,0.2)
H{LNUMTUR,O0.5:%) -> H(CSGLFH,0.2),H{(CCWTL,OD.2)}
H{HPRCOND,O.5:%x) —-> H(CCWTL,0Q.22
xEND
#
# ND.3
#
*1F
H{FACTA3, 0.5:%)
«THEN
FCAINISI » T) -» H(SGSLL 0.2
FCAINISG - T) => H(SGSLL ,0.2?
FCACRDSTP, T) —-> H(SGSLL ,C.2>

4.8 PO L—
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#

*FH RULE

#

# -

FCATRPRE,T) —-> H(AA,0.2)

F(ATRPRE,F) -> H(BB,0.2)

FCATRPTR,TY => H(AA,0.2)

FCATRPTR,F) ~> H(BB,0.2)

FCATRPGE,T) —> H(AA,0.2)

F(ATRPGE,F) -> H(BB-0.2)

FCACRDBTM,T)Y —-> H(AA,0.2)
FCACRDBTM,F)Y -> H{(BB,0.2)
F(ALESGE,TY -> H(AA,D.2)

FCALESGE,FY -> H(BB,0.2)

FCAFLSLH,TY -> HC(AA,Q.2)

FCAFLSLH,F) -> H{(BB,0.2)

FCAVSDVAR,T) -> HC(AA,0.2)
F(AVSDVAR,F) -> H(BB.,0.2)
FCARUNBTR,T) -> H(AA,0.2)
FCARUNBTR,F) -> H(BB,0.2)
FCAQFTDRL,TY => HCAA,O.2)
FCADFTDRL,F) —-> H(BB.,0.2)

H4.9 KRoL—vOf

wx  TAXONOMY CERTAINTY (=1-) 1936 UCT. 07.08:00:05

CERTAIN  TAXONOMY

FACTOR  MNEMONIC EXFLANATION
0.6 AA FAILURE WITH SCRAM
0.20 BB FAILURE WITHOUT SCRAM

*x  TAXONOMY CERTAINTY (=2=) 1936 DCT. 07,08:00:05

CERTAIN  TAXONOMY

FACTOR  MNEMONIC EXPLANATION
0.92  FACTA3 FAILURE KREACTUR HEnT REMOVAL
0.48  FACTAZ FAILURE UF SECONDARY HEAT REMOVAL
0.44  FACTAL FAILURE OF FRESSURE CONTROL

+x  TAXONOMY CERTAINTY (=3=) 1986 OCT. 07,08:00:05

CERTAIN  TAXONOMY
FACTOR  MNEMONIC EXFLANATION

0.51 RCSPLA LOSS OF REACTOR COOLANT ALL FUMES

0.23  RCSFPLE L0SS UF REACTOR COOLANT TWO FUMES

0.23  SiasLL SG STEAM LINE LEAK o . )
0.25  RCZPLL LOSS OF REACTOR CODLANT DME FUMP SHART LOCK
0.23 RCHPLI LUSS OF REACTOR COOLANT ONE FUNMF

LR

5 1 FE~—2EERE R Z2 RO

— 43 —
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B HRNAR BB R AR BB ERB BRI AR AR R A R RN AR BB ERER BRI RRY

# #
# KNOWLEDGE BASE USING STATISTICAL METHOD (C0CT.02, 19862 - #
# #

HE A R R R NGRS E R BB B AU E RN R
*xxDATA DEFINITION

**HYPCTHESES

*TAXONOMY

NRA NUCLEAR POWER PLANT ACCIDENT

AR .FAILURE WITH SCRAM (0.472

FACTAL ..FAILURE OF PRESSURE CONTROL (0.31)
PRFVSO ...PRE3SURIZER RELIEF VALVE STICKS 0OPEN

PSPY0O1 ...PRESSURIZER SPRAY CONTROL ONE VALVE FAILS CPEN
CPRPFH .,.PRESSURIZER PRESSURE CONTROL FAILS HIGH

CPRPFL ...PRESSURIZER PRESSURE CONTROL FAILS LCW
CROWDF ...ROD CONTRQOL FAILURE DEMAND WITHDRAWAL

#

FACTAZ ..FAILURE OF SECONDARY HEAT REMOVAL (0.38>
TURTRP ...TURBINE TRIP

GENTRP ...L0SS CF MAIN GENERATOR

CCWTL -.-TOTAL LOSS OF CIRCULATING WATER

CSGLFH ...SG-B LEVEL CONTROL FAILS HIGH

FWFPL ..-.PARTIAL LOSS OF FEEDWATER

FWFTL ..-TOTAL LOSS OF FEEDWATER

#

FACTA3Z ..FAILURE REACTOR HEAT REMOVAL (0.31)
RCSPL1L ...L0OSS OF REACTOR COGLANT ONE PUMP

RCSPLZ ...LOSS OF REACTOR COOLANT TWO PUMPS

RCSPLA ...LDOSS OF REACTOR COQLANT ALL PUMPS

RCSPSL ...LOSS OF REACTOR COOLANT ONE PUMP SHAFT LOCK
SGSLL ..-5G STEAM LINE LEAK

#

#

BB ' LFAILURE WITHQUT SCRAM (0.533)

FACTB1 ..POWER COOLING MISMATCH (0.22)

CRCDR1 ...DROPPED CONTRCOL ROD P-6 CONTROL BANK A
CRDRTF ...AUTO REACTOR TRIP FAILS

SDVLA ...LEAKAGE OF ATOMOSPHERIC STEAM DUMP VALVE
TGVFC1 ...TURBINE GOVERNOR VALVE FAILS CLOSE

#

FACTB2 ..POWER CCOLING MISMATCH MILD (0.332

PSPVCS ...PRESSURIZER SPARY CONTROL TWO VALVES FAIL CLOSE
CRDUCW ...UNCONTROLLED CONTINUQUS WITHDRAWAL OF CONTROL ROD
CYTLFL ...V.C. TANK LEVEL CONTROL FAILS LOW

TGVFO1 ...TURBINE GOVERNOR VALVE FAILS QPEN

TURRBF ...FAILURE OF AUTO TURBINE RUNBACK

CSGLFL ...5G-B LEVEL CONTROL FAILS LOWH

#

FACTB3 ..FAILURE OF PRIMARY INVENTORY (0.33)
RCSUTR ..-.5G U-TUBE RUPTURE

RCSLSL  ...SMALL LEAX OF REACTOR COOLANT SYSTEM
CRDUCI o« +UNCONTROLLED CONTINUOUS INSERTION OF CONTROL ROD
CLATEH ...RTD IN COLD LEG A FAILS HIGH

CVTLFH ...V.C. TANK LEVEL CONTROL FAILS HIGH
CHAGFL ...LOSS OF CHARGING FLOW

#

FACTB4 ..FAILURE QOF FEEDWATER SYSTEM (0.11)>

CCWPL ««.PARTIAL LOSS OF CIRCULATING WATER

HPHDPL ...LOSS OF H.P.HEATER DRAIN PUMP

# .

#

*INTERNAL HYPOTHESIS



#
HFLRCS1
LFLRCS1
HFLRCSZ
LFLRCS2
HFLRCS3
LFLRCS3
HGFRCS1
LGFRCS1
HGFRCS2
LGFRECS2
HGFRCS3
LGFRCS3
HPREPRZ
LPREPRZ
HLEVPRZ
LLEVPRZ
HTEMPRL
LTEMPRL
HTEMPRT
LTEMPRT
HPREPRT
LPREPRT
HTEMHL1
LTEMHL1
HTEMHL?
LTEMHL?
HTEMHL3
LTEMHL3
HTEMAVE
L TEMAVE
HOFLUX

LQFLUX

HSPCRCD
LSPCROD
HFLCHAG
LFLCHAG
HTEMLED

LTEMLED ~

HPREVCT
LPREVCT
HTEMVCT
LTEMVCT
HLEVSG1
LLEVSGI
HLEVSG2
LLEVSG2
HLEVSG3
LLEVSG3
HPRESG1
LPRESG1
HPRESGZ
LPRESG2
HPRESG3
LPRESG3
HFLMFW1
LFLMFW1
HFLMFW2
LFLMFW2
HFLMFW3
LFLMFW3
HTEMPFW

APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
ARPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY
APPLY

CONDITIOCN
CONDITION
CONDITION
CONDITICON
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITICN
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITICN
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITION
CONDITIGN
CONDITION
CONDITION
CONDITION
CONDITION
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OF
OF
CF
OF
OrF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
or
OF
OF
OF
OF
OF
OF
OF
OF
OF
0F
OF
OF
OF
oF
OF
OF
OF
OF
OF
QF
oF
oF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
oF
OF
OF
OF
OF

KNCWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNCWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNCWLEDGE
KNCWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNCWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE
KNOWLEDGE

UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNLT
UNIT
UNIT
UNIT
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LTEMPFW APPLY CONDITION OF KNOWLEDGE UNIT 3
HFLMSF1 APPLY CONDITION OF KNOWLEDGE UNIT 3
LFLMSF1 APPLY CONDITION OF XNOWLEDGE UNIT 3
HFLMSF2 APPLY CONDITION OF KNCOWLEDGE UNIT 3
LFLMSF?2 APPLY CONDITION OF KNOWLEDGE UNIT 3
HFLMSF3 APPLY CONDITION OF KNOWLEDGE UNIT 3
LFLMSF3 APPLY CONDITION OF KNOWLEDGE UNIT 3
HPRETR1 APPLY CONDITION OF KNOWLEDGE UNIT 3
LPRETR1 APPLY CONDITION OF KNOWLEDGE UNIT 3
HQGENETR APPLY CONDITION OF KNOWLEDGE UNIT 3
LAGENETR APPLY CONDITION OF KNOWLEDGE UNIT 3
HPRCONT APPLY CONDITION OF KNOWLEDGE UNIT 3
LPRCONT APPLY CONDITION OF KNOWLEDGE UNIT 3
HTECONT APPLY CONDITION OF KNOWLEDGE UNIT 3
LTECONT APPLY CONDITION OF XKNOWLEDGE UNIT 3
HLERWST APPLY CONDITION OF XKNOWLEDGE UNIT 3
LLERWST APPLY CONDITION OF XKNCOWLEDGE UNIT 3
HNUMTUR APPLY CONDITION OF KNOWLEDGE UNIT 3
LNUMTUR APPLY CONDITION QOF KNOWLEDGE UNIT 3
HPRCOND APPLY CONDITION OF KNOWLEDGE UNIT 3
_PRCOND APPLY CONDITION OF KNOWLEDGE UNIT 3
"HATRPRE APPLY CONDITION OF KNOWLEDGE UNIT 3
LATRPRE APPLY CONDITION OF KNOWLEDGE UNIT 3
HATRPTR APPLY CONDITION OF KNOWLEDGE UNIT 3
LATRPTR APPLY CONDITION OF KNOWLEDGE UNIT 3
HATRPGE APPLY CONDITION OF KNOWLEDGE UNIT 3
LATRPGE APPLY CONDITION OF KNOWLEDGE UNIT 3
HACRDBTM APPLY CONDITION OF KNOWLEDGE UNIT 3
LACRDBTM APPLY CONDITION OF KNOWLEDGE UNIT 3
HAFLCHAL APPLY CONDITION OF KNOWLEDGE UNIT 3
LAFLCHAL APPLY CONDITION OF KNOWLEDGE UNIT 3
HALESGE APPLY CONDITION OF KNOWLEDGE UNIT 3
LALESGE APPLY CONDITION OF KNOWLEDGE UNIT 3
HAVSDVAR APPLY CONDITION OF KNOWLEDGE UNIT 3
LAYSDVAR APPLY CONDITION OF KNOWLEDGE UNIT 3
HARUNBTR APPLY CONDITION OF KNQWLEDGE UNIT 3
LARUNBTR APPLY CONDITION OF KNOWLEDGE UNIT 3
HAOFTDRL APPLY CONDITION OF KNOWLEDGE UNIT 3
LAOFTDRL APPLY CONDITION COF KNOWLEDGE UNIT 3
#

#

#*xTREATMENT (TREATMENT HYPOYHESIS IS OMITTED FORM THIS KB?
#

#

*xFINDINGS

*BEGIN QUATICNNAIRE

#

*MULTIPLE CHOICE
TYPE OF PROBLEM:

NPFA NUCLEAR PQWER PLANT ACCIDENT
OTHA OTHER ACCIDENT

#

# ANNUNCIATORS

#

*CHECKLIST

ANNUNCIATORS OF TRIP:

ATRPRE REACTOR TRIP

ATRPTR TURBINE TRIP

ATRPGE GENERATOR TRIP

*CHECKLIST (2)
ANNUNCIATORS OF CONTROL ROD:
ACRDSTP RCD STOP
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ACRDBTM RCD BOTTOM
ACRDWIL RCD WITHDRAW LIMIT
#

*CHECKLIST (57
ANNUNCIATORS 0OF PRESSURIZER:

ALEVPRHK PRESSURIZER LEVEL HIGH

ALEVPRL PRESSURIZER LEVEL LOW

APREPRH PRESSURIZER PRESSURE HIGH

APREPRL PRESSURIZER PRESSURE LOW

ATEPRLH PRESSURIZER RELIEF LINE HIGH TEMP.
ATEPRTH PRESSURIZER RELIEF TANK HIGH TEMP.
APRERTH PRESSURIZER RELIEF TANK HIGH PRESS.
#

*CHECKLIST (5)
ANNUNCIATORS OF PRIMARY LQQP:

AFLRCSL LOW REACTOR COOLANT FLOW
ATEAVRF DEVIATIGON OF TAVG/TREF
ATEAVGH AVERAGE TEMPERATURE HIGH
ATEAVGL AVERAGE TEMPERATURE LOW

*CHECKLIST (52
ANNUNCIATORS QF CVCS:

APREVTH VCLUME CONTROL TANK HIGH PRESS.
APREVTL VCLUME CONTROL TANK LOW PRESS.
ATEMVTH VOLUME CONTROL TANK HIGH TEMP.
ATEMLDH LETDOWN FLOW HIGH TEMP.

AFLCHAH CHARGING FLOW HIGH

AFLCHAL CHARGING FLOW LOW

ALEVRWL REFUEL WATER STORAGE TANK LOW LEVEL
#

*CHECKLIST (5)
ANNUNCIATCRS OF SG AND STEAM LINE:

ALESGE STEAM GENERATOR LEVEL ERRDOR
ALESGBH STEAM GENERATOR B ALARM HIGH LEVEL
ALESGBL STEAM GENERATOR B8 ALARM LOW LEVEL
ALESGCH STEAM GENERATOR C ALARM HIGH LEVEL
ALESGCL STEAM GENERATOR C ALARM LOW LEVEL
AFLSLH STEAM LINE FLOW HIGH

APRSLL STEAM LINE PRESSURE LOW

AVISOLC STEAM LINE ISCOLATION

AVSDVAR STEAM DUMP ARMED

#

*xCHECKLIST (52
ANNUNCIATORS OF FEEDWATER SYSTEM:

AVISOWF FEEDWATER ISOLATION

AHTRWFT FEEDWATER HEATER TROUBLE

APRECVL CONDENSER VACCUM TROUBLE

APRECON CONTAINMENT PARTIAL PRESSURE HIGH
ALLHPHDH HIGH PRESSURE HEATER DRAIN TANK LEVEL
ALHPHDL HIGH PRESSURE HEATER DRAIN TANK LEVEL
#

=CHECKLIST (2)
ANNUNCIATORS OF TURBINE GENERATOR SYSTEM:

ARUNBTR TURBINE RUNBACK

ASPTURL TURBINE ZERO SPEED

AQFTDRL AUTO STDP OIL TO DRAIN
AVOLRGT VOLTAGE REGULATOR TROUBLE
ATRPEXF EXCITER FIELD BREAKER TRIP
ATRPBR4 4XV BREAKER AUTO TRIP

#

*CHECKLIST (3)
OTHER ANNUNCIATORS:
ARADMAL RADIATICN MONITQOR ALARM

HIGH
LOW
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AINISI SAFETY INJECTION INITIATION
ABLCSI SAFETY INJECTION BLOCK
AINISG CONSEQUENCE- LIMITING SAFEGUARD INITIATION

i

i REACTCR TRIP CONDITIONS
*CHECKLIST '
SCRAM CONDITIONS:

SCRAM REACTOR SCRAM

SRCSL1 RCS LOW FLOW 1/3

SRCSLZ RCS LOW FLOW 2/3

SPRFXH POWER RANGE FLUX HIGH
STURTR TURBINE TRIP

SPRZPL PRESSURIZER LOW PRESSURE
SPRZPH PRESSURIZER HIGH PRESSURE
SPRIZILH PRESSURIZER HIGH LEVEL
SOVRTE OVER TEMPERATURE

SOVREFO OVER POWER

SSGLEL SG LOW LEVEL

SSISIG SI SIGNAL ON

#

# TURBINE TRIP CONDITIONS
*CHECKLIST

TURBINE TRIP:

TURTRIP TURBINE TRIP

TURTST TURBINE TRIP SOLENDID TROUBLE
TURCPH CONDENSER HIGH PRESSURE
TURSPOD TURBINE OVER SPEED

TURLBF TURBINE LATCH BUTTON OFF
TURTBO TURBINE TRIP BUTTON ON

#

# ENGINEERED SAFEGUARDS SYSTEM ACTUATION CONDITIONS
*xCHECKLIST

ESS SIGNSL:

ESSACT ESS SIGNAL ACTUATION

ESCOPH CONTAINMENT PRESSURE HIGH

ESPRLL PRESSURIZER BOTH LEVEL AND PRESS. LOW
ESSGHP DIFFER.PRESS. SG AND S.H HIGH

ESSTFH STEAM FLOW HIGH

ESSLPL STEAM LINE PRESSURE LOW

ESTAVL AVERAGE TEMPERATURE LOW

#

# NUMERICAL

#

*NUMERICAL (G 130> (5 ID

FLRCS1 REACTOR COOLANT FLOW NO.1 LOOP (%3
*NUMERICAL (0 1502 (5 I)

FLRCS?2 REACTOR COOLANT FLOW NO.2 LOCOP (X2
*NUMERICAL (O 130D (5 I)

FLRCS3 REACTOR COOLANT FLOW NO.3 LOOP (%)
*NUMERICAL (7 I

GFRCS1 GRADIENT QOF COOLANT FLOW NO.1 LOQP (%)
*NUMERICAL (7 1)

GFRCS2 GRADIENT OF COGCLANT FLOW NO.2 LDOP (3
*NUMERICAL (7 1D

GFRCS3 GRADIENT OF COCLANT FLOW NO.3 LOOP (%3}
#NUMERICAL (0 2507 (5 17

PREPRZ PRESSURIZER PRESSURE (KG CMZ2.G}
«NUMERICAL (0 180> (5 ID

LEVPRZ PRESSURIZER LEVEL (%3

*NUMERICAL (7 I2

LEVPRT DEVIATION OF TAVG AND PRESSURIZER LEVEL (-2
*NUMERICAL 7 12

___49 —



TEMPRL PRESSURIZER RELIEF LINE TEMPERATURE
*NUMERICAL 7 12

TEMPRT PRESSURIZER RELIEF TANK TEMPERATURE (DEG.C)
*NUMERICAL (7 1>

PREPRT PRESSURIZER RELIEF TANK PRESSURE
*NUMERICAL (7 ID

TEMHL1 HOT LEG TEMPERATURE NO.1 LOOP (DEG.C?
*NUMERICAL (7 12

TEMHL?Z HOT LEG TEMPERATURE NO.2 LOCP (DEG.C)
*NUMERICAL 7 1)

TEMHL3 HOT LEG TEMPERATURE NO.3 LOOP (DEG.CO
*NUMERICAL (7 1)

TEMCL1 COLD LLEG TEMPERATURE NO.1 LCGCP (DEG.C?
*NUMERICAL (v ID

TEMCLZ COLD LEG TEMPERATURE NO.2 LOQOP (DEG.CO
*NUMERICAL (7 1>

TEMCL3 COLD LEG TEMPERATURE NO.3 LOOP (DEG.CO
x*NUMERICAL (7 12

TEMAVE AVERAGE TEMPERATURE (DEG.CO
*NUMERICAL (7 I?

TEMDEV DEVIATION OF TAVG AND TREF (-2
*NUMERICAL (7 12

QFLUX AVERAGE NEUTRON FLUX (%2

*NUMERICAL (C 220) (7 ID

LCRODA CCNTROL ROD POSITICN GRCGUP A (STEP)
*NUMERICAL (0 2202 (5 I

LCRODB CONTROL ROD POSITION GRCUP B (STEP2
*NUMERICAL (0 220> (5 I3

LCRODC CONTROL ROD POSITION GROUP C (STEP)
xNUMERICAL (0 2203 (5 I

LCRODD CONTROL ROD POSITION GROUP D (STEP)
*NUMERICAL (0 802 (5 I

SPCROD
*NUMERICAL
FLCHAG
*NUMERICAL
TEMLED
*NUMERICAL
PREVCT
xNUMERICAL
TEMVCT

#
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CONTROL ROD SPEED (STEP MIN)

(5 17

CHARGING FLOW (TON HR>

(7 I3

LET DOWN FLOW TEMPERATURE (DEG.C)

(7 1>

VOLUME CONTROL TANK PRESSURE (KG CM2.AD

(7 12

VOLUME CONTROL TANK TEMPERATURE <(DEG.C)

# SECONDARY SYSTEM

*NUMERICAL
LEVSG1
¥*NUMERICAL
LEVSGZ
*NUMERICAL
LEVSG3
"*NUMERICAL
PRESG1
*NUMERICAL
PRESG2
*NUMERICAL
PRESG3
C¥NUMERICAL
FLMFW1
*NUMERICAL
FLMFW2
*NUMERICAL
FLMFW3
*NUMERICAL

S5G

5G

SG

56

0 1000
SG LEVEL NO.1
(0 100
SG LEVEL NOD.Z2
(0 100

LEVEL

STEAM

STEAM

STEAM

MAIN FEEDWATER FLOW

MAIN FEEDWATER FLOW

MAIN FEEDWATER FLOW

7 ID

(%

D

(%

I

(%

7 I

PRESSURE NO.1 (KG/CM2.G)
(7 I>

FPRESSURE NO.2 (KG/CM2.G)
7 I3

PRESSURE NO.3 (KG/CM2.G)
(7 I ’

7

(7
NO.3

NO.1 (%)
(7 I
NO.2 (%
(7 12
NO.3 (%>

(7 1)

(DEG.CO

(KG CM2.G)



TEMPFW MAIN FEEDWATER TEMPERATURE (DEG.C)’
*NUMERICAL (7 12

FLMSF1 MAIN STEAM FLOW NO.1 (%)

*NUMERICAL 7 I

FLMSF2 MAIN STEAM FLOW NO.2 (X3

=NUMERICAL (7 13

FLMSF3 MAIN STEAM FLOW NC.3 (%

*NUMERICAL {7 I

LESGLP SG LEVEL DEVIATION (-3

*NUMERICAL (7 ID

PRETR1 TURBINE FIRST STAGE PRESSURE (KG/CMZ2.G)
*NUMERICAL 7 1

QGENETR GENERATOR POWER (MWE)D

*NUMERICAL (O 109 (7 1

PRCOND CONDENSER PRESSURE (KG/CMZ2.A>
*NUMERICAL (O 10 (7 I3

PRCONT CONTAINMENT PRESSURE (KG/CMZ2.A)D
*NUMERICAL (7 I2

TECONT CONTAINMENT TEMPERATURE (DEG.C)
*NUMERICAL (7 12

LERWST REFUEL WATER STORAGE TANK LEVEL (M)
*NUMERICAL (7 1)

NUMTUR TURBINE ROTATION NUMBER (RPM)

#

# PUMP

*CHECKLIST (3}

PUMPS:

PMRCP1 REACTOR COOLANT PUMP 1A RCP-1A
PMRCP2 REACTOR COOLANT PUMP ZA RCP-2A
PMRCP3 REACTOR COOLANT PUMP 3A RCP-3A
PMCHAG CHARGING PUMP 1-CH-P1A
PMRHR RHR PUMP RH-P-1A
FMSGFW SG FEEDWATER PUMP FW-P-18
PMAXFW SG AUX. FEEDWATER FUMP FW-P-34
PMCIRA CIRCULATING WATER PUMF CW-P-1A
PMCIRB CIRCULATING WATER PUMP CW-P-1B
PMCIRS EMERGENCY SERVICE WATER PUMP SW-F-1A
PMCOND CONDENSER PUMP CN-P-1A
PMCNSP CONTAINMENT SPRAY PUMP 1-CS-P1A
PMSIS SIS PUMP 1-SI-P1A
PMYACU VACCUM PUMP 1-VP-P2A
PMHPHD HP HEATER DRAIN PUMP SD-P-1A
PMLFHD LP HEATER DRAIN PUMP SD-P-2A
PMBOA BORIC ACID TRANSFER PUMP 1-CH-P2A
PMRCIR INSIDE RECIRCULATICN PUMP RS-P-1A
PMPWST PWST PUMP PG-P-1
#

*CHECKLIST (5)

HEATER:

HTRBUP BACK UP HEATER ON

HTRPRP PROPORTIONAL HEATER ON

#

# VALVE

#

# OQOPEN...TRUE CLOSE...FALSE

#

*CHECKLIST (5)

VALVE POSITION:

VP45S5A PRESSURIZER SPRAY VALVE A

VP4&55B PRESSURIZER SPRAY VALVE C

VP455C PRESSURIZER RELIEF VALVE

VM543 PRESSURIZER RELIEF MOTCOR VALVE

JAERI-M 88-044

—51 —

PCV
PCV
PCVY
Mov

455A
4558
455C
563
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RWST EXIT VALVE TGO CHARGING LINE

V11158

V1115¢C VCT EXIT VALVE
VL1460A LET DOWN LINE VALVE
#

# STEAM LINE VALVE
xCHECKLIST (1¢)

VALVE POSITION OF SECONDARY SYSTEM:

LCv 1115B
LCV 1113C
LCV 1460A

TCV 105A
HCV MS 104
TV MS 101A
TV MS 101B
TV MS 101C
TGV 1

TGV 2

TGV 3

TGV 4

FCV
FCV
FCV
MOV
Mov
Mov

LCV

478
488
498
Fid
Fu
FW

CN

151A
1518
151¢C

102A

LCV SD 123A

VTL105A STEAM DUMP VALVE TO MAIN CONDENSER

VH104 STEAM DUMP VALVE TO ATMOSPHERE

VT101A MAIN STEAM ISOLATION VALVE A

VT101B MAIN STEAM ISOLATION VALVE B

VT101¢ MAIN STEAM ISOLATION VALVE C

VTGV TURBINE GOVERNDOR VALVE 1

VTGVZ2 TURBINE GOVERNOR VALVE 2

VTGV3 TURBINE GOVERNOR VALVE 3

VTGV4 TURBINE GOVERNOR VALVE 4

#

# FEEDWATER LINE VALVE

VF&478 FEEDWATER CONTROL VALVE A (MAIN?

VF488 FEEDWATER CONTROL VALVE B (MAIND

VF498 FEEDWATER CONTROL VALVE C (MAIND

VM1S1A AUX. FEEDWATER VALVE TO SG A

VM151B AUX. FEEDWATER VALVE TO SG B

VM151C AUX. FEEDWATER VALVE TO SG C

#

VL1C2A CONDENSATE STORAGE TANK EXIT VALVE TO €O.
VL123A VALVE FRCM &4TH HTR TODO CONDENSER

#

# YES/NO

*YESNO (52

YREVFLL REVERSE FLOW LCOP 1

*xYESNO (5>

YREVFLZ2 REVERSE FLOW LOOP 2

*YESNO (52

YREVFL3 REVERSE FLOW LOOP 3

*YESNO (5}

YTEMCH1 CCLD LEG TEMPERATURE HIGHER THAN HOT LEG LOQP 1
xYESNOD (3)

YTEMCHZ COLD LEG TEMPERATURE HIGHER THAN HOT LEG LQQP 2
*YESND (5>

YTEMCH3 COLD LEG TEMPERATURE MIGHER THAN HCT LEG LOGP 3
#

*END QUATIONRAIRE
#

*xxGENERAL KB

*x KU

x*FH RULE

#

FCATRPRE,TY -> H(AA-0.2)
FCATRPRE,F)Y -> H(BB.O.2)
FCATRPTR,T) -> H(AA-0.2)
FCATRPTR,F} -> H(BB-0.2>
FCATRPGE,T> -> H(AA,0.2)
FCATRPGE,F) -> H(BB,0O.2)
FCACRDBTM,T) —-> HC(AA,0.2)
FCACRDBTM,F)Y -> H(BB.0.2)
FCALESGE,TY —-> HCAA,OQ.2)
F{ALESGE,F> -> H(BB,0.2)
FCAFLSLH,T) -> HCAA,0.2)
FCAFLSLHAFY => H(BB,0.2)
FCAVSDVAR,TY -> HCAA,O0.2)
FCAVSDVAR,F)Y -> H(BB,0.2)



FCARUNBTR,T)
F{ARUNBTR-F2
FCAOFTDRL, T
FCAOFTDRL,F)
f#
F(FLRCS1,%x:93)
FCFLRCS1,105:%)}
FCFLRCS2,%:195)
FCFLRCS2,1051%)
F(FLRCS3,%x:952
FCFLRCS3,105: %)
F(GFRCS1,x:-22
F(GFRCS1,2:1%2
F(GFRCS2,%x:1-22
F{(GFRCSZ2,2:%2
FCGFRCS3,x:-2)
F(GFRCS3,2:%)
F(PREPRZ,*x:154)
FCPREPRZ,163:%)
F{LEVPRZ,*x:144)
FCLEVPRZ,50:%)
FCTEMPRL,77:%)
F(TEMPRT,52:%)
F(PREPRT,O0.2:x%)
FCTEMHLL1,%x:310)
F(TEMHL1,330:%)
FCTEMHLZ2,%:3102
FCTEMHLZ2,330: %>
FCTEMHL3,%:3102
FCTEMHL3,330:1 %3
FCTEMAVE,*:2862
FCTEMAVE,3051xD
FCAFLUX, %1952
FCRFLUX,2052%)

FC(SPCROD,D.052%)

FCFLCHAG, %172
FCFLCHAG,25:x%)
FC(TEMLED,%x:273)
F(TEMLED-293:x%x)
FCTEMVCT,%252)
FCTEMVCT,S54%)
FCLEVSGLl,x:40)
FCLEVSG1-48:1%)
FLLEVSGZ2,%:40)
F{LEVSGZ2,481x)
FCLEVSG3,%x140)
FCLEVSG3.,481%)
FCPRESGL, %1472
FC(PRESG1,57 %2
FCPRESG2,%x:147>
F(PRESGZ,57:%)
F(PRESG3,x147)
F(PRESG3,57 %)
FCRFLMFWL, %2170
FCFLMFWL1,901%)
FCFLMFWZ %2170
FCFLMFWZ2,90: %3}
FCFLMFW3,%x2702
FCFLMFW3,90:%)
FCTEMPFW,- %2102
FCTEMPFW,230:%)
FCFLMSFL, %2270

->
->
->
->
->
->
->
->
->
->

->
->
->

-> H(HSPCROD.,

->
->
->
->
->
->
->
->
->
->
-
->
->
->
->
->
->
->
->
->
->
->
->
->
->
->
->
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-> HC(AA-D.2D
-> H(BB,O.2)
-> HC(AA,O0.2)
-> H(BB,0.2}

H{(LFLRCS1,
H(HFLRCS1.,
H(LFLRCS2,
H{(HFLRCS2,
HCLFLRCS3-
H(HFLRCS3,
H(LGFRCS1~-
H(HGFRCS1,
H(LGFRCSZ -
H(HGFRCSZ,
H(LGFR{S3,
H(HGFRCS3.,
H{(LPREPRZ-
HC(HPREPRZ~
H(LLEVPRZ-
H(HLEVPRZ .,
H(HTEMPRL »
H(HTEMPRT,
H{HPREPRT.»
H(LTEMHL1,
H(HTEMHL1~
H(LTEMHLZ,
H{HTEMHLZ.,
H{LTEMHLZ.,
H{(HTEMHL3,
H(LTEMAVE.,
H(HTEMAVE.,
H(LQFLUX.

H(HAFLUX .,

H(LFLCHAG,
H(HFLCHAG.,
H(LTEMLED.,
H(HTEMLED~,
H{LTEMVCT,
H(HTEMVCT.,
HCLLEVSG1,
H(HLEVSG1.,
H{LLEVSGZ~
H{HLEVSGZ,
H{LLEVSG3.,
H{HLEVSG3,
HC(LPRESG1,
H(HPRESG1.,
H(LPRESGZ.,
H(HPRESGZ.,
HC(LPRESG3,
H(HPRESG3,
HCLFLMFWL,
H(HFLMFWL,
H{(LFLMFW2.,
H(HFLMFWZ -~
HCLFLMFW3,
H(HFLMFW3,
HC(LTEMPFW.,
H(HTEMPFW,
H(LFLMSF1,

1.0%
1.00
1.03
1.07
1.03
1.03
1.02
1.07
1.00
1.00
1.02
1.0
1.0)
1.0)
1.00
1.00
1.0)
1.0
1.03
1.0
1.02
1.0
1.02
1.03
1.0
1.83
1.02
1.00
1.0
1.07
1.0
1.00
1.00
1.0)
1.0
1.0
1.03
1.02
1.02
1.03
1.07
1.0)
1.0)
1.02
1.0
1.00
1.02
1.00
1.02
1.0
1.02
1.00
1.0)
1.0)
1.0
1.0
1.0

,_53,.
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FCFLMSF1,90:%) ~> H(HFLMSFI, 1.0
F(FLMSF2Z,x170)> -> HCLFLMSF2, 1.0
FC(FLMSF2,90:%) -> H(HFLMSFZz, 1.0
FCFLMSF3,%:170) —-> HC(LFLEMSF3, 1.0
F(FLMSF3,90:1%) ~> H{(HFLMSF3, 1.0
FCRGENETR,x:1795) -> H{(LQGENETR, 1.02
F(QGENETR,B886: %) ~> H(HQGENETR, 1.02
F(PRCONT,0.62: %3 ~> H{(HPRCONT., 1.0
FCNUMTUR,*x:1600) ~> H(LNUMTUR, 1.0
FCNUMTUR 20001 %) -> HC(HENUMTUR., 1.0
F{PRCOND,*:0.07) => H(LPRCOND., 1.02
F{PRCOND,O.09 %) -> HCHPRCOND., 1.02
#

# SECOND LEVEL HYPOTHESIS

xx KU

*COND F(NPPA, T)

*HH RULE

#

# NO.1 (FACTA1-3 ; TRANSIENTS WITH SCRAM)
#

*IF

H(AA ,0.51x)

*THEN

FCAFLRCSL,T)Y =-> H(FACTA3,0.43)
F{ATEAVGL,T)Y =-> H{FACTA3Z,C.17>
FCAVSDVAR,T)Y -> H{(FACTAZ,0.47)
FCAPRECVL,FY —-> BC(FACTAZ,0.47>
FCALEVPRH,T2 —-> RH{FACTAZ-0.423
FCALEVPRL,TY —-> H(FACTA1,0.58>
FCAPREPRL,TY —-> H{FACTA1-0.25>
FCATEPRLH,TY ~> H{(FACTAL1,0.49>
(1:HC(LFLRCS1,0.5:%),H(LFLRCS2,0.5:%3 ,H(LFLRCS3,0.5:%))

-> H(FACTA3,0.342
HCLLEVPRZ,O0.5:%) ~> HCFACTAL1,0.40),-H(FACTAZ,0.40)
H(HLEVPRZ,O.5tx) -> H(FACTAZ,0.31)
H(LTEMAVE,O.5:%x) -> H(FACTA1,0.42>,H{FACTAZ,0.42)
H(HTEMLED,Q.S5:%x) -> H(FACTA1,0.31),H(FACTA2,0.42)
HCHTEMVYCT,O0.5:x) -> H{FACTA1,0.24>,-H(FACTAZ2,0.24)
(1:H(HPRESG1,0.5:%) ,H(HPRESG2,0.5:%) ,H(RPRESG3,0.5:%))

-> H{FACTA1,0.62) H{FACTAZ,0.62)
(1:H(LPRESG2,0.5:%),H(LPRESG3,0.5:%x))

-> H(FACTA3.,0.28>
H(HPRCONT,0.5:%x) -> H{(FACTAZ,0.20)
H(HTECONT,0.52%) -> H{(FACTA3.,0.20)
H(HPRCOND,QO.5t%) —-> H(FACTA3Z,0.46)

*END

#

# NO.2 (FACTAB1-3 7 TRANSIENTS WITHOUT SCRAM>
#

«IF

H(BB,O.52x)

*THEN

FCACRDWIL,TY -> H(FACTBZ,.0,23)

FCALEVPRL,TY —-> H{(FACTB3,0.403

FCAPREPRL,T) -> H{(FACTB3,0.23>

FCAPREVTL,TY —-> H(FACTB3,0.49)

FCAFLCHAH,T) —=> H{(FACTB3,0.17)

FCAFLCHAL,T)Y -> H(FACTB3,0.17)

FCATEAVRF,T) -> H(FACTB1,0.39),H(FACTB3.,0.16)
FCATEAVGHK,T) -> H(FACTB1,0.19}

FCATEAVGL,T) ~> H(FACTB3,0.31?

FCAFLSLHE,T) -> H{(FACTBIL-0.47)



FCAVSDVAR,T?
FCARUNBTR,TD
FCAOFTDRL,T?
#

H(LLEVPRZ,O.5: %3}

(1:H(LTEMHL1,0.5:%) ,H(LTEMHL2,0.52%) H(LTEMHL3,C.5:%3)

H(LTEMAVE-Q.5:%)
H(LAQFLUX-,0.5:%D

H(HSPCROD,0Q.5:%)
H(HSPCROD,*:0.5)

H{HNUMTUR,O.S5:%x
H{LPRCOND,D.5: %}
H(HPRCOND,Q.5:%x>
H(LPRETR1,0.5:%}
H{LQGENETR,0.5:x%)
*END

#
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->» H(FACLTB1,0.31)
-> H{(FACTB1,C.19)
-> H(FACTB1,0.192

-> H(FACTBZ,0.81>

-> H(FACTB3,0.21)

-> H(FACTE1,0.502

-> H(FACTBZ2,0.68)

& H(LSPCROD,*x:0.5)
(1:H(LLEVSG1,0.5:%),H(LLEVSG2,0.5:%),H{(LLEVSG3,0.5:%})
(1:H(HPRESG1,0.5:%),H(HPRESG2,0.5:%) ,H{HPRESG3,0.5:%)2
(1:H(LPRESG1,0.5:%),H(LPRESG2,0.5:%),H(LPRESG3,0.5:%))
(1:H(LFLMFWL,0.5:%) ,H(LFLMFW2,0.5:%) ,HC(LFLMFW3,0.5:%2>
{1tH(LFLMSF1,0.5:%) ,H(LFLMSF2,0.5: %) ,H(LFLMSF3,0.52%2))

-> H(FACTB1,0.19>
-> H{FACTB3,0.2C)
-> H(FACTB4,0.64)
~-> H(FACTB1,0.60C>

-> HC(FACTB1,-0.40)

# THIRD LEVEL HYPOTHESIS

#

xx KU

*COND F{(NPPA, T3
#

*HH RULES
#

# NO.1-1
#

*IF

H(FACTAL1,0.5:%)
*THEN
FCAINISI, T2
FCAPREPRH, T ->
F(APRERTH ,T7> ->
FCATEMLDH, T3 —->
FCAFLCHAH, T3 —->
FCAFLCHAL, T2 =->
F{ATEAVRF, F) ->
FCAVISOWF, T3 ->
#
H{HPREPRZ, O
B{HLEVPRZ, O
H(HFLCHAG, O.
H(HTEMVCT, O
H(HTEMVYCT., =
H(HTEMPRT, O
*END

#

(SUB-GROUP AL

-> H(PRFVS0,0.2)

H(CPRPFH,0.2)
H{(PRFVS0,0.2)
H(CPRPFL,0.2)
H{(PRFVYS0,0.22
H{CPRPFL,0.2)
H(PSPVO1,0.2>
H(PRFVSC.,0.22

-> H{CPRPFL,0.2?
-> H(PSPVD1.,0.2)
-> HC(CPRPFL,0.2)
-> H(CPRPFL-0.2)

& H(LTEMVCT,%x:0.5)

->» H(PRFVSO0,0.2)

# NO.1-2 (SUB-GROUP A2}

#

x1F
H{FACTAZ.
*THEN
FCATEAVGL, T) —->

O.5:tx%x)

HC(FWFPL

(1:FCALESGBL,T),F(ALESGCH,T))

-> H(FWFPL,0.2),H(FWFTL,0.2>,H(CCWTL,0.2?

(1:F(ALESGBH,T),F(ALESGCH,T?)
-> H(CSGLFH,O0.2)

FCAVISOLS, T2 -—->

HC(CSGLFH,C.22

-> H(FACTB4,0.21)

-> H(CRDWDF,0.2)

0.2 ,H(FWFTLAO. 22

->
->
->
->
->

H(FACTB3,0.21>

H(FACTB1,0.51)
H(FACTB1,0.22)
H(FACTB3,0.24>
H(FACTB1,0.68?
H(FACTB1,0.68)>



JAERTI-M 88-044

FCAVOLRGT, T2 => H{GENTRP,.0.2>

H(HSPCROD,O.5:%) ~> H(FWFPL,0.2)

HCHTEMVCT,0.5:%) -> H(CSGLFH,0.2),H(FWFPL,0.2)}

H(LTEMPFW,0.5:%) —-> H(FWFPL,0.2)

H(HNUMTUR,O.5:%) -> H(GENTRP.,0.2)

HCLNUMTUR,O.5:%) —-> H(CSGLFH,0.2)Y,H(CCWTL,0,.23

H(HPRCOND,Q.5t%2) =~> H(LCWTL,0.2)

*END

#

# NO.1-3 (SUB-GROUP A3

#

*IF

H(FACTA3Z, 0.5:x%

*THEN

FCAINISI » T)» -> H(SGSLL -,C.2)}

FCAINISG , T —-> H{SGSLL .0.2?

F(ACRDSTP, T)» -> H(SGSLL 0.2

FCALEVPRH, T)> —> H{RCSPLA,0.2) » H{(RCSPSL,0.2) » H(SGSLL,0.2)

FCALEVPRL, T» —-> H(RCSPL1,0.2> , H(RCSPLZ2,0.2>

(1:F(APREPRH,T2,F(APREPRL,T>> => H{(SGSLL, 0.2)

FCAFLCHAL, T} -> H(SGSLL ,0.22

FCATEAVGH, T) —-> H(RCSPSL,0.22

(1:F(ALESGBH,TY - FCALESGCH,TY>Y -> H(RCSPL1,0.2)-H(RCSPSL-0.2)

(1:FCALESGBL,TY,FCALESGCL,T22> —-> H(SGSLL ,C.27

FCAVISOWF,TY -~-> H(SGSLL ~0.2?

FCATRPBR4, T) -> H(RCSPLA,O.2)

H(LFLRCS1,0.5:%) & H(LFLRCS2,0.5:%) & H(LFLRCS3,0.5:%)
-> HC(RCSPLA,D.2)

H{LLEVPRZ ,» D0.5:%) & H{HLEVPRZ,0.5:x%) -> H(RCSPL1,0.2>

H¢(HTEMLED - 0.5:%) -> H(RCSPLA,0.2> » H(SGSLL ,0.2

H(HPRESG1,0.5:%) & H(HPRESG2,0.5:*) & H(HPRESG3,0.57%)
->» H(RCSPSL.,0.2>

H{(LPRESG1,0.5:%> & H(LPRESG2,0.5:%x) & H(LPRESG3,0.5:%)>
-> H{SGSLL ,0.22

*END

#

# NO.2-1 (SUB-GROUFP B1)

#

*1F

H(FACTB1l, O.51x%)

*THEN

E(ATRPGE, T) ~->» H(CRDRTF,.0.2?

FCACRDSTP, T3 ~> H(SDVLA 0.2

FCACRDBTM, T) => H(CRDDR1,.0.2)

FCATEAVGH, T2 —-> H{(CRDRTF,0.2>

FCALESGE » T) —> H(CRDRTF,0.22,H(SDVLA,D.2?

FCAVSDVAR, T2 -> HCLRDRTF,0.2),H(TGVFCL1,0.2)>

FCARUNBTR, T) ->» H(CRDDR1,0.2).,H(SDVLA,0.2>

FCAQFTDRL, T2 =~> HCCRDRTF,0.2)

H(LPREPRZ, 0.5:%) =-> H(SDVLA ,0.2)

HCLLEVPRZ, O0.5:1%) -> H(SDVLA ,0.2)

(1 ¢ H{_PRESG1,0.5:%>,H(LPRESGZ2,0.5:%) ,H(LPRESG3,0.5:%))
=> H{SDVLA,O0.2)

HC(LTEMPFW, 0.5:%) -> H(CRDRTF,0.2) , H{(SDVLA ,0.2)

H(HNUMTUR,Q.5:%x) —-> H(CRDRTF,0.2)

H(HPRCOND,O.5tx) ~-> H{(CRDRTF,0.2)

H(LPRCOND,O.S5:x) —> H(SDVLA ,0.22

*END

#

# NO.2-2 (SUB-GROUP B2

#

*1IF
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H{FACTB2, 0.5:%)

*THEN

FCATRPGE, T -> H(CSGLFL, 0.2

FCACRDSTP, T> -> H(TURRBF, 0.2)-H(CSGLFL,0.2)
F{ACRDBTM, T)> -> H(TURRBF., 0.2)

FC(ALEVPRH, TJ) —-> HCCSGLFL, 0.2

FCAPREVTH, T) —-> H(CVTLFL, 0.2>

#FC(ATEAVRF, T)Y —-> H{(CVYTLFL, 0.2),H(RCSUTR,0.22
FCALESGE » T3> —-» H{CSGLFL., 0.2)
(1 FCALESGBL, TY),FCALESGCL, T)) —-> H(LSGLFL,O.2?

FCAFLSLH » T» —-» H(CSGLFL,0.2)
*END
#
# NDO.2-3 (SUB-GROUP B3)
#
*IF
H(FACTB3, C.5:x%)
*THEN
F(ARADMAL , T)> -> H(RCSUTR,O.2?
FCAVSDVAR » T) —-> H(RCSUTR,0.2>
FCACRDWIL,TY —-> H(RCSLSL.,C.2>

- F{ALEVPRL, T> -> H(RCSUTR, Q.23
FCAPREPRL, T) -> H(RCSUTR, 0.2),H(CHAGFL,0.2>
FCAPREVTL, T) —-> H(RCSUTR, G.23

FC(ALEVPRL,F)
FCAPREPRL,T)
FCATEPRLH,T?
FCATEMLDHKAT2
FCAFLCHAL,T?
FCAFLCHAH,T?
FCAFLCHAL-T?

->
->
->
->
->
->
->

H{CLATEH,0.2?

H{RCSLSL,0.2?

H(PSPV(S,0.2)

H(CHAGFL,0.2)

H(CHAGFL,0.2)

H(RESLSL,0.2)

H(CVTLFHR,0.2)

FCATEAVGL,T> -> H(RCSLSL,0.2),HC(CRDUCI,.C.2)

FCATRPBR4 » T2 -> H(CHAGFL.,C.2>

{1:H(LFLRCS1,0.5:%) ,H(HFLRCS2,0.5:%),H(HFLRCS3,0.5:%))
-> H(CRDUCI,O.2D

(2:H(LTEMHL1,0.5:%) ,H(HTEMHL2,0.5:%),H(HTEMHL3,0.5:%))

~> H(CRDUCI,0.2),H(CLATEH,O.2)

H(HSPCROD,0O.5:*%) -> H(CRDUCI,0.2),H(CLATEH,0.2)

H(LFLCHAG,O0.5:%) —-> H(CVTLFH,0.2?
H(LTEMLED,O.5t%)> —-> H(CRDUCIL,0.2)
H(HTEMVCT,0.5:%) —> H(CRDUCI,O.Z2?
*xEND

#

# ND.2-4 (SUB-GROUP B&)

#

xIF

H(FACTB4L,0.51%)

*THEN

H(HPRCOND,O.S5:%) -> H{(CCWPL ,0.5>,H(HPHDPL-Q.5>
*END
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