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Multi-Dimensional Design Window Search System

using Neural Netwroks in Reactor Core Design

Teruhiko KUGO and Masayuki NAKAGAWA

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 12, 2000)

In the reactor core design, many parametric survey calculations should be carried out to decide an
optimal set of basic design parameter values. They consume a large amount of computation time and labor in
the conventional way. To support directly design work, we investigate a procedure to search efficiently a design
window, which is defined as feasible design parameter ranges satisfying design criteria and requirements, in
a multi-dimensional space composed of several basic design parameters. We apply the present method to the
neutronics and thermal hydraulics fields and develop the multi-dimensional design window search system using
it. The principle of the present method is to construct the multilayer neural network to simulate quickly a
response of an analysis code through a training process, and to reduce computation time using the neural
network without parametric study using analysis codes. The system works on an enginering workstation (EWS)
with efficient man-machine interface for pre- and post-processing.

This report describes the principle of the present method, the structure of the system, the guidance of
the usages of the system, the guideline for the efficient training of neural networks, the instructions of the input

data for analysis calculation and so on.

Keywords: Neural Network, Design Window, Fuel Pin Design, Neutronics, Thermal Hydraulics, EWS,

Man-Machine Interface, Training, Guidance
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(k-1)-th Layer k-th Layer (k+1)-th Layer

U}‘ : neuron unit j in the k-th layer
1}‘ : sum of input
O}( : output

W %-l»k : connecting weight

f : activation function

Fig.1 A schematic view of a neuron model
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Fig.2 Anexample of multi-layer neural networks (four-layer structure)
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Fig.3 A flow of the collective type of the error back propagation algorithm
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%%, REEROBBRIEEY 4 FUBHALLETHRITOND,

Table 1 1/O parameters for the neural networks

Neutronics

Thermal-hydraulics

Input Parameters

Input Parameters

Pin pitch [cm]
Pin diameter [cm]
Fuel enrichment [wt%]

Average linear heat rate [kW/m]

Pin pitch [cm]

Pin diameter [cm]

Hot channel factor

Average linear heat rate [kW/m]

Core height [m]

Output Parameters

Output Parameters

Excess reactivity [%dk/kk']

Breeding ratio (Conversion ratio)

Coolant void reactivity coefficient [%dk/kk']
Maximum burnup [GWd/t]

Heavy metal inventory [tonne]

Fissile material gain [kg]

Specific power [MW/kg]

Departure of nucleate boiling ratio (DNBR)
Fuel temperature [C]

Cladding temperature [C]

Coolant outlet temperature [C]

Plenum gas pressure [atm]

Minimum Reynolds number

Stress of cladding [%]
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Fig.4 An illustration of the present neural network structure
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Fig.5 A flow of design window search using multilayer neural networks
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Table 2 Output parameters and correponding variable names in the system

Output parameters

Variable names

Shape SHAPE
Initial excess reactivity EXESR
Coolant void reactivity coefficient VOIDR
Breeding ratio (Conversion ratio) CONVR
Maximum burnup (GWd/t) BURNMX
Heavy metal inventory (tonne) HMINV
Fissile material gain (kg) FGAIN
Specific power (MW/kg) SPCPOW
Departure of nucleate boiling ratio (DNBR) DNBR
Fuel temperature (°C) TFMAX
Coolant outlet temperature (‘C) TGOUT
Cladding temperature ("C) TCMAX
Minimum Reynolds number REMIN
Plenum pressure (atm) PLPR
Stress of cladding (%) ECMAX
Pressure drop (kg/cm?) PRSDRP
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Ry Ny RZVRT HCF(1) 1.50
5 AR R F HCFE(3) 1.55
« ANBH

AT RT A=, OHEL LTTF 74/ MERRESN D23, BRLUZFRIZE>TUT
DIFLOEHERE SN D,

- BEKIF 1100MWe #% . FLWR
c GEEERAKYE Y v RAS—4AHCLWR
- EESE MONJU

« HABHYF HTTR

LHOT (& v b F ¥ RV HFORER)

1: AMERRET 5,

13— FNTHRMREICET 2Ry hF vV RAVRAFERET 5.
OPF (@£ fr)

10: ERMHD.  1L12: 112%iEx
PSEUDO(1),HCF(1),HCF(3) I, %D @b)0iZHiT 5 ANERELIN S,



JAERI—Data/Code 2000—004

Q) kAT, e, BEXoav be—AF—F

@D GAPCON-THERMAL2-HC

[NA] (E#4] [HA] [7" 74V Mi#] (HCLWR)
A~ — T LGRID 2
S W2IN LATICE 2
Sl i s LCORI1 1
bR LCOR2 1
MHMER INCHF 1
WM BYmEX SIGHF -5000.0
il 5 R o B3 NPOW 20
BT v TH NTIME 1
Ly Claspakagil IAXIAL 0
H 553 AR DR NPRFIL 1
« AR

LGRID (AR~—HfE¥)
1: AL FNYT
2:mERIFR Y v F
3 @EOSY v K
4: 7 A ¥—AN—Y
LATICE (#&-FJZ4K)
1: EFRET
2 NHBTF
LCOR1 (3t E)
1 : DITTUS-BOELTER (LWR)
2 : GAS CIRCULAR PIPE (GCR)
3:LYON (FBR)
LCOR2 (% #EM nE)
1: THOM
2: JENS-LOTTES
3: CHEN



JAERI—Data/Code 2000—004

INCHF (‘%HIMRER)

1: 8K

2:FRY DA

3: YT A

4:¢n
SIGHF (% #nE)

<0 :BEMRBEXE AV S,

=0.0: FBERHBRESHEANT S,
NTIME (BBERXT v )

ISAT v 7UTE2ANTHZ &,
IAXIAL (#5143 4ii)

0 : chopped cosine 77 fi

1 : 77 AN baAriAte

A TXRBREFT 4 HICEY AN,
NPRFIL (715340 D3RIR)

0:BERT v 7THRICH 54 % w4 5,

1: BBERT v 7iZbl Y R~ o ERT 5,

COBRMDRFETH, LTO 3 >OBE@EIBIEREIND,
(2a) AX—HVHEE (WTRREIND)
(2b) BRBEKTFET —4 (WTRTEND)
(2¢) #HWHHT —4 (SIGHF=0.0 H ST IAXIAL=+1 D& XK RTIND)



JAERI—Data/Code 2000—004

@ LIFE-I

[HNE] (¥4 [BEAL] (7 7+¥ME) (FBR)
A~ — YR LGRID 4
BN LATICE 2
sl i B LCOR1 3
% b e B 3 K LCOR2 0
HHM R INCHF 2
HHM B ER SIGHF -5000.0
LT WA SRS NPOW 20
REEAT v 78 NTIME 1
#ili 7 19 HH S o3 A IAXIAL 0
Hi 153740 O R NPRFIL . 1
HHMIRER R LCOOL 1
s EIR (FEEM) NN 10
ERiIE7" vav NPOINT 0
FHERER NI 1
BREHR 5 11 53 Bl NT 10
s HEIRAT Yay IOUTPR 1
WS R R BRI EEK ITERNO 30
- ANTRH

NN (#5moEE) . REZESETRICERT 5,
LCOOL (MR EE) 11, BRE ST OGRHMBEOHEETHD, 12y T 5D,
Z Do A iE O GAPCON-THERMAL2-HC # &M,



JAERI—Data/Code 2000—004

® FRAP-S3
[NEA] [E%¥4] [BAL) [7° 71¥Mi] (FBR)
AN —H R LGRID 4
BFIR LATICE 2
sl e o B K LCOR1 3
B b e BV iE K LCOR2 0
TESIZE S L= INCHF 2
MM BmENX SIGHF -5000.0
il 5 RSy BB NPOW 20
BBERAT v T8 NTIME 1
5 43 AR IAXIAL 0
Hh 53 A DFRIR NPRFIL
BHMRER B L LCOOL 1
5o (EEHH) NT 10
« ANTBH

NT (EHmoEE) (3. Be=EasmrRIcERT5,
LCOOL (WMHMBEFELE) 3. BREEBHBTEOLRAMBEOHEELETH S, 12ty T35,
ZF DD AFE © GAPCON-THERMAL2-HC 45 8,



(Qa) A~—H O

JAERI—Data/Code 2000—004

© GAPCON-THERMAL2-HC, LIFE-I, FRAP-S3 3t

[NEA] (E#4] [HAfiZ] [7° 7+¥ME] (HCLWR)
A —Y-E K NGRID 7
wWHmE yF/EHE APD 20.0
UTNE - Ty TEE BB mm 0.53
7'V v NEHURE Cv 12.0
s PAZELR K EPSN 0.0
FEELRE AL Al 0.3164
JEELRER A2 A2 0.25
FEBRRH A3 A3 0.0
- AR

24 50 T HBIR (LGRID=1) L7=3%&. NGRIDIZ-LZERE LRTNER L2, TA

Y —#FR (LGRID=4) L7-54. L TNGRID<-1TARFTHNIER SR\, BIHEXY A Y —%&

#AERT, 7V v &R (LGRID=23) LIHA. APDBLUBBIEIY I—ThHD,

LGRID=3DIEAEDH. Al. A2, ASBREDTHY ., BEEMIIUTORICLVEXOND,

f=Al *Re* + A3



JAERI—Data/Code 2000—004

(2b) REFELFT — &

® GAPCON-THERMAL2-HC

[NE] (2 %4 (B ]
PREEAT T I
PR SR B0 R AH B = NCHF
IRBERE TIME MWD/T
BRiH 77 PSEUDO(1) kW/m
Ky MR+ HCF(1)
5 AR R T HCF(3)
FRIA7" vay IOUTPR
AORE TINLET T

- AJIRH

NCHF (PR 5 #ii sotE B =)
0:DNBRZEFHE L2\,
1:B&W2 B L U W-3 IR — PWRH
2:KfK ¥ & ' EPRI(B&W-VPI&SU) f8B=. —» HCLWRA
3 : Janssen—Levy ¥ £ U Hench-Levy FHEI=. — BWRHA
PSEUDO(1). HCF(1)., HCEQIZ W T, (NDAN/NRT A —Z OREMICEE L ENFER
SNOMN, Kl (TR PTT 4 4) TAHOLEEIMEREEND, REEEIIMWD/TEL TA
N5, HREKREZZ— FRTHIOIC BBOAY)CHRE L-ERRRIND,
FIRIA 72 a i3, SREEBEEOHRERE N TH S,



JAERI—Data/Code 2000—004

® LIFE-I

[NE] [E¥4) [BA{r)

PRBERT Y7 i

NCHF NCHF®I)

PREE B B TIME(D) DAY

wh PSEUDO(I) kKW/m

ty My VA HCF(1,)

i 5 MR R HCF(@3,D

A DB RE TINLET(D °C

® FRAP-S3

[NE] (ZE$4] [HAfL)

PREEATT I

NCHF NCHE(D)

WRBEE TIME() DAY

b sapl) PSEUDO(I) kW/m

Hy My VR T HCE(1,D)

5 KR F HCF(@3,D)

) AR IST

ANOEE TINLET() T
Wik L

@@& b, (O GAPCON-THERMAL2-HC 220 Z &, AL, MEEOBIZARTHD,



JAERI—Data/Code 2000—004

Qc)_MHARAHT —F

© GAPCON-THERMAL2-HC, LIFE-I, FRAP-S3 3tiff

IZFBWT, SIGHF (BHM OBVYRER) =00L L-BE, BEBERGRELEETSI 774
NEEANTIEERRREIND, ZOT7ANDT+—<v ME., UTOERXTER LA
iFe 6720,

B O6~10HT - WHMA LT IR (T—HOKEDLYIZO LT S)

B11~20#7: #HFMAAE (cm)

F2 1~30#r: HBEEEE (C)

QBT IAXIAL (EhHmAnH) =1& LEBE. s ofxisET s 774401
HEANTIEEIPRREIND, QIZBWV T, NRRFIL=1DBILREX T v FI2b- Y Rl—0
HAGMEZERT 52, NRRFL>IOFRHIRBEAT v 78y OM D afi 2 ERT5, 0774
NDT F—=y ME, UTOBERTERT S Ladhidisiaun,

B o1~ SHI:EEMALT VIR (T—HOEDLYIZ0OLTH)

F11~2 0HT : B RIFMLE

F31~4 0H7: HxtH AN

IAXIAL=-1& L7256, BAmE A ah 2R REPEBEANTEIT XA MET 4 ZBERE
no, AMERIILUTOLEEBY THB,
PROFIL(J,D==> XXXXXXXX (7 7 A /L4)
VEHIEA T v 7 A, (NPOW+1) &
I=13FEOAND
J=NPOW+1{ZfF.LH A
NPOW: B 53 &I ()% BRHZ L)
LRBER T »~ 7. NTIMEf#E
NTIMEREEA T v 7 (Q%xBBOZ &)



JAERI—Data/Code 2000—004

@) BFfFsEmEHT—F

® GAPCON-THERMAL2-HC

[NA] (¥4 [HA7) [7° 7+¥MiE] (HCLWR)
$P LB ERE PREF kg/cm? 159.0
A BB TINC C -289.0
H DR E TOUTC C 325.0
R RE T QTOTAL MWt 3423.0
HIAE AT R E ATMOS atm 10.0
cladding D& & CTHICK mm 0.60
Xy v i@ GAPC mm 0.095
AN HPLEN cm 100.0
LRI TDC 0.019
“WFR S GReE LQRT 0
—WFRAR Y TR LFLW 0
N—T7H LOOP 4

P EE S WRATIO 0.95
fy My AR B EI S WRHOT 0.95
ENRIlA7 vavy MINI -1
PRBEATYT BN T 1

B AHORIR ISCN

FEET — & OFIR IAREA

ANHEHEKR A,



JAERI—Data/Code 2000—004

c AHBH
TINC (ARIRE) <056 IXZ0#MEIBEESND,
TOUTC (HOIREE) <0720 0HERBEE SN S,
QTOTAL (BAHA) iX. LQRT (2 RASGHE) =126 L 25,
LQRT (2 &KBSGHE)
0: 2IRASGHFHEEZER L2\,
1: 2IRSGRE A BET 5,
2 WARSGFEIXE R DBa)y TAST B,
LFLW (1 RFR > 7HE)
0: 1 RER TFHEEBR LA,
1: 1RRR 7THMHE2ERT D,
1 RFR L TR %R OGO TA ST B,
ISCN (B> A DRIR)
0: &y My RANVEREREZ 2 — FNTHET S,
1: &Ry hFy  RANVERTES 2£HE/SCPINET 5,
SCPIN (V' A¥) X, BRDBc)TANT B,
IAREA (Jiil&7T —# DiER)
0 : W% =2— FNTHET S,
-1: BT — & %R DB TANT 3,



JAERI—Data/Code 2000—004

® LIFE-I
[NE] [E¥4) [HhL] [7" 7+¥}ME] (FBR)
LB E PREF kg/cm? 1.1
AR EE TINC °C -397.0
HOEEE TOUTC T 529.0
JRHFE ) QTOTAL MWt 714.0
WIBE AT AE ATMOS atm 10.0
cladding D& & CTHICK mm 0.47
Xy v 7iE GAPC mm 0.08
VAN 3 HPLEN cm 100.0
EALIN P TDC 0.019
RS GRitE LQRT 0
—RBR TRt LFLW 0
N—T LOOP 4
PO EEE WRATIO 0.95
Ky My AR ERIG WRHOT 0.95
B ABORIR ISCN 0
T — & OFER JIAREA 0

- AORH

(D GAPCON-THERMAL2-HC # BB D Z &,



JAERI—Data/Code 2000—004

® FRAP-S3
(NEA] [ZE%4) [HLAL] [7° 7+¥M&] (FBR)
§FLERRE PREF kg/cm?® 1.1
ADIRE TINC C -397.0
H O iR BE TOUTC C 529.0
R B QTOTAL MWt 714.0
VIHAE A A R E ATMOS atm 10.0
cladding D& & CTHICK mm 0.47
¥y v 7R GAPC mm 0.08
VAN -2 HPLEN cm 100.0
EAL TN SEY TDC 0.019
ZWRFH S G LQRT 0
— KRR T LFLW 0
N—T¥ LOOP 4
P LTRREIS WRATIO 0.95
Ry My v BB A WRHOT 0.95
B AEGRIR ISCN 0
BT — & OIFR IAREA 0
FIRIA7 vay JDLPR 1
Fzy)74b NOPT 1

« A%

(D GAPCON-THERMAL2-HC #ZHnD = &,



JAERI—Data/Code 2000—004

(3a) 2RFBSGHIET—#

© GAPCON-THERMAL2-HC, LIFE-I, FRAP-S3 3t

() 2K%SGCEMHAERLRVES (QDLORT=0DEE)

[NE] (E¥4] [HAAL] (7" 7+VME]

BHREAHNHEIE QRATIO 1.0

(i) 2KZESCHEMAZHFEHTIHE (QDLORT=1DHE)

[NAE] (4] [HAL] [7" 74V MEH]
UAFO UFAO MW/C 32.799
2WRFHSGEN PSO kg/cm2 62.5
Cl1 C1 0.2
C2 C2 0.8
C3 C3 0.6
C4 C4 0.1
C5 C5 0.25
C6 C6 0.1
- A1RH

QKRASCEEZT HEHE . Q)DQTOTAL (FFIFHMAN) A =¥ AT RERD, AL,
BAWF LA OIF R T, 2 RARSGHHE XM A3~ & TIERW,

UAFO : SG 1 % 7- V) ORIEEABEFEAREL & SGIoBEE & D

Cl - C6 : IEABFARBERUIT AV AR5, RERBRAEK U B TOREGRICZLY

Ezbhd,
U=U,/ {C1*(M,/M)®Z+C3+C4*(Q/Qy)" +C6}

MIZAHMTER., QIISG1 EH7- W OBH A% KT, BRFDOFIEEPWREIRY, I I T,
M, = 60.1E+6 (kg/h). Q,=855.75 (MW1) &\ /e,
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3b) 1EXBRSTEHET—2

© GAPCON-THERMAL2-HC, LIFE-I, FRAP-S3 3t

() 1ERFBHRTEERER LLVWEES (QDPLFLW=0DER)

[NZF) (4] [H1) [7°7t¥M#] (FBR)

1 KRTE FLOW kg/h 15.3E+6

(i) 1HWER TR ERTLBE (QDLFLW=1DHH)

[NE] (E¥4] [BEAL] [7"7+¥ME] (HCPWR)
R TRECRE AAL AAl -23.163
N T RAEGR I AA2 AA2 192.69
170N AR R COEFIN 1.2
P L LS DIER HRO M 42.0

1 RRPEE FLOWO kg/h 60.1E+6
ANiBE TINO T 289.0
5P U E)R B TAVO C 307.0
VAR QFACTR

* A/TRH

BASFLUADFERTIE, 1 RBER Y PRI T~ & TR,
AALAA2: LITORUIZ LY, RU7HERHBEZ NS,

H (m) = AA1 * Q (m¥s) + AA2

Q: A&



JAERI—Data/Code 2000—004

(Be) BB EH  (BDISCN=1DEKE)

© GAPCON-THERMAL2-HC, LIFE-I, FRAP-S3 3t3#

P95 (%) [H44]

e % SCPIN

3d) EET—% (BG)DIAREA=-1DFH)

© GAPCON-THERMAL2-HC, LIFE-I, FRAP-S3 3t

[(NE] (E¥4] [BA7)
Fie AR AREA mm?
kS PERIM mm

mEE X HPERIM mm




JAERI—Data/Code 2000—004

@) REFH-ETLF—¥

@D GAPCON-THERMAL2-HC

[NA] (Z%4] (A7) [7" 7tV M)
HHEFT 17 Vyvay NFLX -1
77y RDES CRUDTH inch 0.0
TR X — ISTOR 1
W B H AP KEZEE NOH 0
PRI R BE ™ T 2550.0
PREHBE B 4R 1R FE TPLAS C 1200.0
2Y—TTF—4 ICREP 0
cladD#PEZ T ICDF 0
(&S ICOR 0
XLV IDENSF 0
A A BRI D IEIR IGAS 0
yary—yayr IRELOC 0
FPi i D3R IRELSE 0
747 vyvay OEIRI IRL 0
FPH A RHET /v IFPRL 0
- ASBRH
NFLX (FtEF7 4 7L v iral)

A EBE LR,

0: NET— AL EET S,

>0: 2 —HW AN, %ikD@a)TANT B,
CRUDTH (7 7 v FOEX)

cladding {23 L7z crud DE X,
ISTOR (EfTR/NL¥—)

=0: EETRLX—%E@ LR,

=1: EFERNX—%EET D,
NOH (%% Kk #%H))

#0: KEHTAZHEEEST D,

=0: KBV AZHEEZR LR,



JAERI—Data/Code 2000—004

ICDF (7 7 v R¥EHELER)
#0: 77y NEEEREZERT D,
=0:77 v FREEEEZEZR LR,
ICOR (M)
= 3:PWR
< 3:BWR
IDENSF (BE& L% DY)
F0:BEXLEVEBET D,
=0:HEXLEVEEFRLARV,
IGAS (A R Bt ¥ Al=)
# 0:95%{5 B i
=0 : BTl
IRELOC (Y mul—ial)
<0 : R FHIFEME
=0: BEEL7A2WN
> 0 : B ALl
IRELSE (FPjig it DiEiR)
+ 0 : retard gas release (& [EFRF 5 7= X AR EBIET)
=0 : gas release (7 & EIHAT)
LFPRL (FPH AMUIHET V)
1: N7 —%#
2 : NRC correlation (TACO code)
3 : MONIJU correlation
ICREPIZ. WBED /) —F X I CETBANT =447 arThaN, BEATIIER
FRETIERY,



JAERI—Data/Code 2000—004

® LIFE-I

[NEA] (Z%4] [BifiL) [7° 71V M)
R A NOK 4
B £ EhET v NOH -1
EnRET XA DEIE AFGAS 0.246

H A iR RAR FLUXN 1.07E+14

* ALBH
NOK (#EHpiE(E)
1:LIFE-I
2 : LIFE-I
3 : LIFE-II
4 : MATPRO Version 11
NOH (#BH &t 7 /)
EPS = A * exp(-Q/RT) * SM + B * F * SN
2 0: THEORETICAL Calculation
0 : A=2.7E-11,B=4.655E-34,M=7,N=3,Q=95000
>0 : M=7,N=2,°+ -+
< 0 : EMPIRICAL Caluculation
-1 : BOLTAX,BIANCHERIA and GUHA
2 BREREAY Y TS F TS a v
AFGAS (FPH RAEIE) :1fission %4 Y OFPH X
FLUXN (77 EFREBRSRE) KW/t — N/ecm2-S



JAERI—Data/Code 2000—004

® FRAP-S3
[RA] (E%4] [HA7] (7" 7+¥ ME]
77914 %5 ¥iEIR (crud) ICOR 0
PIRI790 I CRDT mm 0.0254
779 b BN B CRDTR mm/s 8.054D+10
Y AT A IDXGAS 1
Yoh—yavE7 v IRELOC 0
wHYA 7N NPCYCL 1
Xy vl ET IV NGAPC 1
FPH AR HE7 v NGASR 0
ALy 7 FEER MODE 0
-7 47" Vyvay IPLANT -1
PR FLUX N/m’s 6.0D+17
K RAERT 2 DEIE AFGAS 0.3
KaaHe PPMH20 PPM 0.0
EXRERR PPMN2 PPM 15.0
TR 74~ EXOM 1.0
AH 7 RBEG QEND 0.3
B NEER A & ROUGHC mm 1.22E-3
N vy MABER L & ROUGHF mm 2.16E-3
- A1

ICOR (7 7 v F(crud)E7 V)
0:crud EE. crud (2 L DIRERT 2 ERT S,
1:crud EE. crud IC L DRERTEERET S,
2:crud T2, crud L DIRERTZERT S,
IDXGAS (FIIE AN 2 FEE)
1:~U A
2: R
3: 8%
4:FPH A
5: 7 A
6

ca—H AN > HBERO@)TANT D,



JAERI—Data/Code 2000—004

IRELOC (Vuar—va E5)L)
=0:Var—ralEE@LRN,
=1:FRAP-S3 EF /L
NGAPC (¥x vy T av ¥y & AET )
0 : Cracked pellet model
1 : Annular gap model
NGASR (FPH A k€5 V)
-1 : Booth Diffusion
0 : Macdonald-Weisman
1 : Beyer-Hann model
6 : ANS-5.4 correlation
MODE (R % v 7 FEER)
0: AZ v 7HBEET 5,
1: AZ y VEEE LR,
IPLANT (FH+7 4 7L v ra )
Al a2—H%AD
0: frapNE-E T /L
1: UOBAKIPWR A, #% (57 ENRCH 23 2 ~ 6 72 &%, THESMI0 ZE v b,
2 : UOAEIBWR A, %R (5)® ENRCH A 1.5~3.5 72 658%), Fhlishizorx v K,
3: MOXSAEIPWR A, %38 (5) ENRCH 282 ~ 10 2 H 8%, #hlsiiox v |,
4 : MOX#AEIBWR A, % 1R (5)> ENRCH 2% 1.5~6 2 L%, Zhltiz ozt v |,



JAERI—Data/Code 2000—004

@a) FHFTF4FVyvavF—4 (@ODNFLX > 0DHR)

@D GAPCON-THERMAL2-HC

[NEA] (E%$4] [Hif7) [7" 7+¥MHE]
ATy I A J
PREVEE 7 1) R AR RV1(Q) INCH

T 4 Ty b a i RV20)

- AW
NELX i A3 5, RV2 IIHEXMEEANT S,

(4b) FMBATADENGRT —F (@)@ DIDXGAS=6DFA)

® FRAP-S3

(NE] [(E#4] [Hifir]
MME A EREIE AMFAIR
MIEAE ATV 0 A E AMFARG
M AN AEE AMFFG
VIE AN T boh ABE AMFKRY
VI AR VN 2BIE AMFXE
MENE AN 9L AE S AMFHE
MIEAE A KT 2EIS AMFH?2
VIHNE AKETABES AMFH20
VIHEH AZREE AMFN2

- AA13RH

== T. AMFFG#0.004 . AMFKRY ¥ & ("AMFXE# AN ¢ 5 LE L7z, FRAP-S3 HNT.
AMFKRY=0.15AMFFG. AMFXE=0.85AMFFG & E X D,



JAERI—Data/Code 2000—004

@® GAPCON-THERMAL2-HC

[NE] (E¥4] [BAI] [7* 7+¥Mi#&] (HCLWR)
cladOM'E NCLAD 0

v mimd OFERR ZCLAD 1.0

~ by NORESR NFUEL -1
PIHE AT V2" v 281G FRACAR 0.0

" KFED ABE FRACHE 0.0

" AL 2 EIE FRACHE 1.0
noN7 b AEE FRACCR 0.0

" R 2BE FRACN 0.0

" )0 2 8E FRACXE 0.0
REL BRI L FRDEN 0.930
R R BUIREE FRSIN 0.98
PuO2OE & FRPUO2 0.08
u235d FR35 1.975E-3
Pu240> FR40 0.25132
Pu241® FR41 0.10158
Pu2420> FR42 0.0775
LS BB IR A TSINC T 1350.0
R ESIRE TSINH C 1700.0
oM FOTMTL 2.0

ADBHITKE,



JAERI—Data/Code 2000—004

- AR
NCLAD (cladD#4'H)
22:SUS316
-1: SUS304
0: ZIRCALOY4 or -2
ZCLAD (/v a4 OfER)
1.0 : ZIRCALOY-4
0.0 : ZIRCALOY-2
NFUEL (XL v b OFER)
-1: MOX
0:UO,

WRE B B\ THEE OB Y 1 — Y AN LEWEEE, €€ NFUEL > 0, NCLAD > 0
PEETH, KA=2—0Ga)B LUGEHIZENT, FRENOYHEEEZ AN LRITIERBR
VY, ZCLADIE. BB S TIIE—OMHEESHNEREN TV D,



JAERI—Data/Code 2000—004

@ LIFE-I

[NE] (Z%4] [HfL] (7" 7+v M)
M OME NCLAD 2

PRV R B L FRDEN 0.850
LB oBmEL FRQUE 0.95
HRGOBEL FRSIN ' 0.97
PuO2DEEH: FRPUO2 0.08
u23sd  n FR35 1.975E-3
Pu240> i FR40 0.25132
Pu2410> FR41 0.10158
Pu2420> FR42 0.0775
O/M FOTMTL 2.0

W O RHOC g/cc 6.5

NaD B8 R ANAO 54.306
Na o B8 = (R4 ANALl | -0.0187
Na®D P& LR ANA2 2.0914E-6
Na® L EVRE CANAO 0.345696
Na® H.ER K CANALl 0.79211E4
Na® BRI CANA2 3.41178E-8
He DEV-E R AHEO 0.08483
He D= B E{LH AHE1 9.111E-5
* ANTRH

NCLAD/Z. O GAPCON-THERMAL2-HC 28BN = &,
BHMD T B Y 7 A5 D2)DDLCOOLDOE /- 1Z- 1084 D FH . ANAO, ANAL, ANA2, CPNAO,
CPNA1, CPNA2ALETH D, BMREEBLORBWIKRRICL v ENFREZ LN D,
A = ANAO + ANAI * T + ANA2 * T2
Cp =CPNAO + CPNA1 * T + CPNA2 * T?



JAERI—Data/Code 2000—004

® FRAP-S3
[NEA] (Z%540) [BAAL) 7" 71w M)
HWEM OME ICM 2
PREIBERE L FRDEN 0.930
FERBEOE R FRSIN 0.98
ZELEHE FRDENG 0.75D-2
PuO2D E L FRPUO2 0.08
U2350 v FR35 1.975E-3
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BREI VAV FOBRIVATAAA VA 2 —
Fig.A2-1 A display of a main menu window of the design window search system

i
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BTFFROERA =2 -7 L —A
Fig.A2-2 A display of a menu window to select a reactor type
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Fig.A2-3 A display of a menu window to select analysis code in thermal hydrulics
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Fig.A2-4 A display of a menu window to select a process in neutronics
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ELOEIR T L — 4
Fig.A2-5 A display of a menu window to select a process in thermal hydraulics

SRACHHEIH VAV FVOHWEAZ2—-T -4
Fig.A2-6 A display of a menu window to select a task in design window search in neutronics
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WETFEOBIRT L — A
Fig.A2-7 A display of a menu window to select a task in design window search in thermal hydraulic
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Fig.A2-8 A display of a menu window to set a calculation task in neutronics calculation
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Fig.A2-9 A display of a menu window to set design parameters in neutronics

ARG A= DEBFET L — 4
Fig. A2-10 A display of a menu window to set design parameters in thermal hydraulics
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Fig.A2-11 A display of a menu window to select design tasks
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Fig.A2-12 A display of a menu window to set design goals and criteria in neutronics
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Fig.A2-13 A display of a menu window to set design goals and criteria in thermal hydraulics
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Fig.A2-14 A display of a menu window for generation of teaching data
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HETXHEFRE7 L -4
Fig.A2-15 A display of a menu window to set design space in neutronics

RETXHRE Y L — A
Fig.A2-16 A display of a menu window to set design space in thermal hydraulics
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Fig.A2-17 A display of a frame for execution of neural network program
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Fig.A2-18 A display of a menu window for execution of neural network program
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Fig.A2-19 A display of a menu window to set learning parameters
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Fig.A2-20 A display of a text editor to set each learning parameter
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Fig.A2-21 A display of learning history in neutronics
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IRDS=Za—% )ty bEE
Fig.A2-22 A display of learning history in thermal hydraulics
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Fig.A2-23 A display of a menu window to set visualization parameters
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Fig.A2-24 A display of a visualization of design window
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Fig.A2-25 A display of a visualization of contour map of core characteristics
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Fig.A2-26 A display of a menu window to set a design point to get core characteristics

1

O EDER T L — 4

Fig.A2-27 A display of a frame to show core Fig.A2-28 A display of a frame to show core
characteristics of a design point in characteristics of a design point in
neutronics

thermal hydraulics
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TITR, BEORFEEIIMZ, By MF ¥ U RAOBAMBESEMEBEUTTHS &V
IRMZEBMLTND, Zhid, BEREKFOBKNDEBERBITEAFEL Y bBELI RS
EFRENTID, By b F Y RAVCBONTHHAMBEL RO E VI REEAMLES
DTHD,

ZOBREFITIE. SHMOFERT —4 2 #ll L1-, FOERFIES LU TICER~5%, RILEK
DI/ = KR 2 4% 5T D3R LB/ NR OB KEOFHSHE S 722 3R TERLZEBICHIT
ETOMAEDEI1255x5xMD SFRFIRE MR T 5658280 L, FOMASDRICH L
TRITFHBEZITVWEERT — 2 2EK L, $EAT— 213 3RHLROMEE 4 F LB EL
725, fEHT=— FIZGAPCON-THERMAL2-HC% iV 7=, BRHLEEDO AT v 7Bk, E 1.
By FROF Y b F v o RVRTFICH L TERER0.75mm, 1.25mm& 0.1 CH D, £1-.
WLREN ZREET D7 — 4 & LT, 24MORIA T —# ZERR L1z, 248 ORITHT — 713,
LT TERSND SRTEMTHERT S,

B %% £ 9.375 ~ 11.625 mm,
By F 110,625 - 14.375mm, KOt
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Ry FF R ETF 135 ~ 165,

DAL O R + B B 235N D28 & BN R OB KEDF4RD L2 D 3 RILZERICE
i % 4T DHHE DE64ExdxN SR EIR A 2 T2 24M 2RO L, £OAHZEDEI
ot UCRAREH B A 1T VMER T B, SREEBRORT v 7. SHOFERT—F 312
DOLERLTHD,

U, ELrE Y FROE Yy FFy U RAVETEANICED, DNBR, #REL WRE. HEAM
BEAZTNERHAETAMEAD =2 —F N2y N T =2 2HERT D, X b U — 7 MR AE O
ﬁﬁwﬁﬁﬁwﬁgmﬁﬁf%ﬁ%%Nétbu\%nEKM@D:;—DV%ﬁMBE%E
Xy T =7 (=211 ROBABIEO =2 —a v & 4EHETR Y FV— 27 (7 —A-12)
PRHOMEE Ui, =a—F A%y bT—7 O%E IR CORIH & AR FIRTT >
Fo BBHE. ma—TF ARy FT—2 0L BRORREMEFEMICHEY H5,080 0%
SHTEE OB HEET D, RATROR/) - BREMZ19%521T 5 K ER/DROBRKED
200D e B 3 KOTEERZERIC 31T 5 2T OMAE HE8,000(20x20x20)H 7> b AR HI R & i 2
+ 550808l RO LTz, HERHALEORT v 7L, V& EVEyFROERY b Fr >
*”@?Kﬁbf%ﬂ%hﬂ%mm(ﬂ&m&wmmfﬁéo:J*7N*7F7M7K£5F
DS OH EEOEELSRAET LD, —a—F A%y N —2ZICEDHECMZ, ELD
5 080fE DFEMES T AU CRMTE B 21TV, BEEEZFETVHD,

S I . Ry Ry Y RAOBHMREIC OV TR EED D, TR O ORI,
MBI CORMER L ABORBERBLNA TS, FEY A 7 MTBNT, GHEHMRELTA
e R -TIRAENETR L, REAT—Z T HNATERSND FHRBEL, 77—
211, HEVIBHEER v b T — 7 TRIGERAES OB, 7 —R-12, DEVIFHER Y I
7 — 2 Cid. 30,000BI LA DB S A 7 AT &Y 10 RICPUOR L7, BREZEMIZBWT
ey R F Y L LTI A RAET A, BIFIR I LR CRARIRE O LR 2MEIE
FBHOT. BEMBEZAT v 7RO LS TR EY, 3BHERY FT—7ICLY. TOX
5RIEH BN AT HEMERERIRET A LIIRETHDL LB DND,

223 R ORI 7 — Z o5t B 7 — Z- 1N B 2 F BRI % Fig A3-3 107 ¥, #EL LT,
DA TERIND TERRAELR L, FEHAT— 208 LTI, K10,000EDFEY A 7V
CIx10MT i B 28, RIEAF — Z o5t LT, 5x10*052x10° O CTIREI L T\ 5, FHHEFH
DOEAIT LV . 300,000 TEEY A I AETHE o2, TANLETIRT 258 ) i
T, I IXI B TSR L7z & LTh . R8s b RikETe 7=, ZO®ED
TR . TNE TS ARFERRALELRLTHAH, #L, y—A- 12T, FEA
BORIEA O T — # 125 LT, 30,000EANODEE S A 7 M £V . Ix10* T OURAR
Y

AT, AR O-12CHEE L7 8REH Y 1 o~ B0 2 M & Fig A3-4 By 5, &atT 1
CEmEL. EUENROTSMmOBAEDE VY v F LRy M F vy mVRFICEY D2 TR T
LT, & A-TUCE LT, S8 A 2 4 %30,000 THH G- 7 5HE & 124,000 TS
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Dol D=2 —=F VK y hU— 7 THE LIZRE T 4> FUER L, FigA32 hbbhsd
£ 912, 124,000 DFEY A 7 V%, S EOREFGHE CRILHET — & 154 5 BENRUN L 2
HEIAHTHD, FigA34L V| 7 —RA- 12087 4 FUDHTRERIT. EEME L —F&KL
TR ZEnbhd, FBYA 7 V%30,000E TITHE) - - BE OB £ > Foid, BEEmRIC
HARELR-TWD, FEY A 7 0%124,000E TH B - 2 BEDBRI ™ 4> RoiE, —
A-R2OBDITEL 2> T D, LIRS, FHY A 7 AKEr —2-208MEIc 2.
NICHEWEREM LR 5, FigA3-SICyr —A-12THE SN BHMBEOSH 2 RY, —oT
O, BAMBENSBHMBEZ5 WY 77—V ETHD, ZEHER THHMIEE IXF
BEICELTEY, BHMBECEL TR BB LV RABASREREL TS - bl 4
T, DEY S RNE-DR2OREH T 42 FUOBEN L, & L AHMBEOHERIC LS
ENPHLAELCTNAS,

ZOREFIN G BHM LS OFE D EIC B 5 28 0T B EEHI R TORIE R
EIRERE 72D, WAMICBEL TL, SBBETIIILENZBL - LB TH Y | 4BHEER
LETHoT, 2FEh, SBHETRIAT — 2 ICi T 2BEDOIRANEERIBS . JBESES
BATHE. DEOCCENEZBITHEELDH S, UL, 4BELRALTHL. RIF
FoH KT IBREOWNKRBIRER BRI, FRAT S ORENFOEETHS L E2 5N
e, FERAT =5 #H0TLERD D,

A3.3 AEFFZOHE

AFEOHRET T2, AFER CEER CERTEHERRE 4 Table A3-2 ICHET 5, KR
HTOFITIE, FEEF/NRTA—F ORI, 10,000EDFBY A 7 L% 10EEYIRT = & NLET
0% LRE LT, BARNBEOBITIE, FF/RT A —FZOFEIZ, 20,000E0%EH A 7 L%
10EIE VB Z L BURETHD LRE LT, BIRT v 7D~ v Uy ZICES 5 I ER T
DHDOLLT, LHERMMNSRA L, KRFETE, HELLDART A Ky ) I —~ g3}
BT SRITHRB M TIE, BEREHI X U CIEi40f% . Buk HErEho st LTIt o
LR EN TV D, 2E, Table A3-2H Hb23 L Hic, MITFHEOHEBEIAAX VL OIF
L 22— LRy NU—J OFBEBOEENHED =0, FDL > RN E AN RS
{2 L CRFIERIDHRATH S,
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Table A3-1 Summary of the structures of the neural networks, the number of the teaching patterns and

mean errors on excess reactivity of the examined cases in the neutronics example

Case-1 |Case-2 |Case-3 |Case-4 |Case-5 |Case-6 |Case-7 |Case-8 [Case-9 |Case-

10

No. of the teaching
105 105 105 105 105 105 21 21 52 180

patterns
No. of layers 2 3 3 3 3 4 3 4 3 3
No. of neurons

— 2 3 6 9 3 3 3 3 3
in a hidden layer
Mean error

15.1 | 2.82 | 0.66 | 057 | 056 | 0.58 | 2.58 | 2.06 | 0.78 | 0.52
(%dk/kk’)
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Table A3-2 Comparison of computation time between the present method and the conventional

parametric survey calculations

No. of executions of analysis

code

Preparation of

teaching data

Training of* neural

network

Total time**

[Neutronics]
Present method (Case-3)
No. of learning patterns : 105

No. of checking patterns : 56

23 minutes

10 minutes

25 minutes (1/38)

Conventional calculation

Calculation points : 6,898

16 hours

16 hours (1)

[Thermal-hydraulics]
Present method (Case-12)
No. of learning patterns : 65

No. of checking patterns : 24

3 minutes

30 minutes

33 minutes (1/6)

Conventional calculation

Calculation points : 5,080

3 hours

3 hours (1)

* : 10 repetitions of training process including 10,000 and 20,000 learning iterations are assumed in the

training time for tuning up of learning parameters for the neutronics and thermal hydraulics,

respectively.

** . Computation time required in a mapping process is excluded in a total time.

(): ratio of computation time of the present method to the conventional calculation

Computer : SunSparc20 (60MHz)
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— direct solution —e Case-3 —— Case-7 —- Case-2
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A comparison of design windows among Case-2, -3, -7 and the direct solution
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1.0 x 1072

checking patterns (Case-7)

-3
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learning patterns (Case-2)

i —
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Error of estimation
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Iteration number

[/

learning patterns (Case-7)

1.0x 107

Fig.A3-2 A comparison of training histories of learning and checking patterns among Case-2, -3 and -7
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Fig.A3-3 Training histories of learning and checking patterns for Case-11
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* : the number in round brackets
indicates the learning iterations

1.55

1.5 |- —

— direct solution - Case-11(124,000)
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1
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1.3 |- ——
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11.5

Fig. A34 A comparison of design windows among Case-11, -12 and the direct solution
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A contour map of degree of subcooling inside the estimated design window in Case-12
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f18k4. —a -SSRy bI—0 7055 LOBBERAE

Za=FNRy NT=0TusTaE, BEV 4L RUBERV AT AORICHBATA T
DB, BAD~y B 7 7u s 5L LTHETHRETH D, BT 42 ROBERVATF A
BIDERORHFNTA—F, FHliNRTG A —FDHEFER=2—F L Fy NT—2 OIEASBHO
RICHRDLER DD, ZDED, =a—FARXy NV —2 7075 ADEY 2— {4
1ol EVa—MLICBL TR, FEOAHNBEERVEZZ L5 IC—BEL, £/
Za—FNRy b= OBERBERIZEETESLH9ICLE, UFe=a—5A%y p7—
77077 hDARANROFETHE, A7 7 A A ROEONEIZHOWTIRRS,

Al Za—F Ny kD=5 7055 LD A LERUERT

(1) a4
/NEURO/src/win_neural D7 4 L7 N UEBLF CRO a2~ REANT 3,
make neural
ZPDmakea < FIZLY | pin B TIZEITEY 2—/L neural MBERINB,

Q) FTTXLERT7 7 A VRS

Za—=I ARy NU—s T 0 s T AEMTETAREREREIL. ¥93528, ~v L4
DILRUVHEEEyE Y IR 1BIORITTITI 2 L THD, -, $YBR L FFICRIEA
DT —=Z L VPN ORIEBREEZITOI ZENTEXD, =a—FLFXy NU—2sFa s 5 A
TERITATRELMERE & ETITHER T 7 A VR US| % Table Ad-1 I & BT,

A2 Za—-F MRy kD=5 T705SLOAEATPANL

Table Ad-2 (IC=a2—FNFRy T =2 T7al 5 hMIVBERABD 7 7 ANV EZTONELEED
Vi
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Table A4-1 A list of function, command parameter, input files of neural network program

Function Command and argument Input files
Training with learning data and Checking a neuaral 1 neural.cond
generalization ability with checking data neural_setl.cond
neural_set2.cond
raw_assess.d
eva_assess.d
Mapping neuaral 2 or neural.cond
neural 12 neural_set1.cond
neural_set2.cond
raw_assess.d
neuro.wght
Training with learning data, Checking a neuaral 3 neural.cond
generalization ability with checking data and neural_setl.cond
Mapping neural_set2.cond

raw_assess.d
eva_assess.d

Training with learning data

neuaral 11 neural.cond
neural_setl.cond
neural_set2.cond
raw_assess.d

Training with learning data and Mapping neuaral 13 neural.cond

neural_setl.cond
neural_set2.cond

raw_assess.d

Table A4-2 A list of /O files for neural network program

File name I/0 Content

neural.cond I Condition of neural networks

neural_setl.cond | training parameters between input and the first hidden layers

neural_set2.cond I training parameters between hidden layers and between output and the
last hidden layers

raw_assess.d I learning data

eva_assess.d 1 checking data

neu_assess.d mapping data

neural.err error of root mean square

neuro.wght 1/0 connecting weight
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M3 ABAIT7A4LDI74+—7y FRURSE

UTEABAZ 7 A VORBERVEDT +—~ v k%R,

(1)

(3)

neural.cond

READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)
READ (*)

neural setl.cond

DO K =1,
READ (*)
END DO

INO (K)

ETIN (K)
EPIN (K)
ALIN (K)

neural_set?2.cond

DO K =1,
READ (*)
END DO

INO (K)

ETOUT (K)
EPOUT (K)
ALOUT (K)

IFINE
ETA
EPST
EALP
ERRMIN
ITER
DUPPER
DLOWER
DMID
WD

WC
CLAY
CFUNC

ICLS

I
FERK
ITEA NIRE
MR

WY SR E B e
FEREEIK
FEAR IR PR AE
FEAR IR T BR A
RRALAR— & —
ELEERE /N

7 7 AL ERE
B¥IEE (2~5)
IERER (T 71 FEA%). TtannBI%). TEFZEE%0 )

INO(K),ETIN(K),EPIN(K),ALIN (K)

7T ALES

* ICLS : 77 AZ¥ (raw_assess.dBM)

ATE—% 1 PRBR O
ANB—F1FPEBRIDY VE 4 NiRE
ADNE -8 1 PRI OEME

ICLS

INO (K) ,ETOUT (K) , EPOUT (K) , ALOUT (K)

7T AEEE

* ICLS : 77 AZ# (raw_assess.dz M)

IR & 72 (X R — ) R DB R
HRIER E 7213 g — AR DY 7 o iR
FIRIRE R % 7 1P S — A B R ORI
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(4) raw_assess.d

READ (*) INPT, ICLS, ITDAT

INPT woet RAEHOR)
ICLS 75 A
ITDAT BEmT — % DEEK

READ (*) IBUNK
IBUNK BT — & (RO 7= O D& 3R ET B £ 3K

DO I = 1, INPT

IPp = 0
READ (' (A) ") BUFF
CALL RDCHAR(BUFF, AXNAM(I). IP)
CALL RDCHAR (BUFF, AXUNT(I). IP)
CALL RDCHAR (BUFF, CTMP, IP)
READ (CTMP, *) AXMAX(I)

CALL RDCHAR (BUFF, CTMP, IP)

READ (CTMP, *) AXMIN(I)

END DO
X :RDCHAR/L—F Ui, XFEF—H DA Y —mmbZEA, 7 XF,. ar<, ZTXFETE
5 & COXFEIEY B - CLFF —F BT DAL D, cEaEDstrrok () IS
3%,

AXNAM (I) 1% H ORGFERDOLIR
AXUNT (1) 1% B ORFEROHAL
AXMIN (I) 1% B ORFELR O T — & TIRIE
AXMAX (I) 1% B ORGHER O T — & LIRME

DO I =1, ICLS
IPp =0
READ (*(A) ") BUFF
CALL RDCHAR(BUFF, PARNAM(I). IP)
CALL RDCHAR (BUFF, PARUNT(I). IP)
CALL RDCHAR(BUFF, CTMP. IP)
READ (CTMP, *) CLSMAX(I)
CALL RDCHAR (BUFF, CTMP. IP)
READ (CTMP, *) CLSMIN(I)



(5)
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END DO

PAMNAM (1) 1% B OFHlE R 04 #H
PAMUNT (I) 1% B OFHIE H D BT

CLSMIN (I) 1% B OFHMIE B OEHT — & B/
CLSMAX (T) 1% B OFMIE B O#Eh T — % HoKE

DO I = 1, ITDAT

[}
i}

READ (*) (DINLAY(I,k),k=1,INPT) I
READ (*) (TEMP(I,k),k=1,ICLS) BT — &
END DO

eva_assess.d

READ (*) INPTE, ICLSE, ITDATE

INPTE o GREEEOR)
ICLSE 75 A
ITDATE BREET — % DA%

READ (*) IBUNKE

IBUNKE RRAET — # ERRL D 7= 8 D& R E S 5 B3

DO I =1, INPTE + ICLSE
READ (' (A) ") BUFF

CALL RDCHAR (BUFF, AXENAM(I). IP)
CALL RDCHAR(BUFF, AXEUNT(I). IP)
CALL RDCHAR(BUFF, CTMP, IP)

READ (CTMP, *) AXEMAX(I)

CALL RDCHAR (BUFF, CTMP, IP)

READ (CTMP, *) AXEMIN(I)

END DO

AXENAM (I) 1E B ORALEEOL#H

AXEUNT (I) IEHORHEH OB

AXEMIN (I) IHH ORHERORIET — % TIRE
AXEMAX (I) IHFB OBRHERORIET — % EIRE

DO I =1, ICLSE
IP = 0



(6)

READ (
CALL
CALL
CALL
READ (
CALL
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‘(A)") BUFF

RDCHAR (BUFF, PARENAM(I). IP)
RDCHAR (BUFF, PAREUNT (I). IP)
RDCHAR (BUFF, CTMP. IP)

CTMP, *) CLSEMAX(I)

RDCHAR (BUFF, CTMP, IP)

READ (CTMP, *) CLSEMIN (I)

END DO

PAMENAM (1) 1% B OFHEEB OA K

PAMEUNT (I) 1% B OFHlE R O AL

CLSEMIN (I) 1% B OFHBIE B ORGET — ¥ K&/IME
CLSEMAX (I) 1% B OFMEE B ORGEET — ¥ RAME
DO I = 1, ITDATE

READ (*) (DIELAY(I,k),k=1, INPTE) REAERE
READ (*) (TEMP (I, k),k=1,ICLSE) RREET — #
END DO

neu_assess.d

READ (*) INPT, ICLS, LT

INPT Wt GRETEEOR)

ICLS 77 AFE

LT < v 7T —F OEE

READ (*) IFINE

IFINE < v U S F— ZERDO T D OB R EEEH »EIEK
DO I = 1, INPT

READ ( * (A8,A8,2F16.6)’) AXNAM(I), AXUNT(I), AXMAX(I),
END DO

AXNAM (I) 1ZBHORHEEDOLK

AXUNT (I) 1% B ORFHELOHN

AXMIN (I) IHHOBREHERDO~ vy ¥ T —F TRIA
AXMAX (I) IEBOBRHEKO~ L FT—4 EIRE
pO I = 1, ICLS



(8)
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READ (' (A8,A8) ") PARNAM(I), PARUNT(I)

END DO
PAMNAM (1) 1% HOFMEB 04 #H
PAMUNT (I) 1% B OFEME B O HAT

DO I =1, LT

READ (*) (XYZ(I,k),k=1, INPT) REERIE
READ (*) (DOLAY (I, k),k=1,ICLS) vy BTy —4
END DO

neural.err

READ (“ (20(F14.5,12)) ) (A(I),I=1,INPT), (TIMPERR(I),I=1,ICLS))
A(I, k) 100 x k[alH DR EHEXE
TMPERR (I, k) IZFBOFMER O 100 x kFEI¥FHOEHH RAE

neural.wght

DO K = 1, ICLS

READ (*) CLSMAX (K) 7T A BRI
END DO

DO K = 1, ICLS
READ (*) CLSMIN (K) 7 5 AE B/MA
END DO

DO K = 1, ICLS
READ (*) IHID (K) 77 A EBORBNBD=a—o ¥
END DO

DO K = 1, ICLS
DO J = 1,IHID(K)
DO I = 1,INPT + 1

READ (*) DIHW(K,I,J) ANB-Bh RO ESIRE
END DO
END DO

DO J = 1,IHID (K)
DO I = 1,IHID(K) + 1
READ (*) DHHW (K, I,J) FRAVE — PRI BRI O B 1R %%
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END DO
END DO
DO J = 1,IHID(K) + 1
READ (*) DHHW (K, I,J) g — R ORE R
END DO
END DO
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BISE 1m%/s=10'St(Z b — 27 %) (cm?/s) 6.89476 x 107* | 7.03070 x 10"* | 6.80460 x 10°? 51.7149 1
x| J(=107erg) kgf*m kW-+h cal GtB) Btu ft « Ibf eV 1 cal = 4.18605 J (it&#:)
*
v 1 0.101972 | 277778 x 1077 |  0.238889 | 9.47813x 107* 0.737562 | 6.24150 x 10® = 4184 (ML)
¥
| 9.80665 1 2.72407 x 107 | 2.34270 9.29487 x 10°° 7.23301 6.12082x 10 =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 265522 x 10° | 2.24694 x 10% =4.1868 J (EERSAE)
. 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 107 3.08747 261272x10" (R 1 PS ULES)
R’ 1055.06 107.586 2.93072x107* | 252.042 1 778.172 6.58515 x 10%! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 1077 |  0.323800 | 1.28506 x 10~° 1 8.46233x 10" —735.499 W
160218 x 107" | 1.63377 x 10°%| 4.45050 x 10-2¢| 3.82743 x 107%°| 151857 x 1072?| 1.18171 x 10" 1
v Bq Ci ﬂ% Gy rad g C/kg R g Sv rem
5 1 270270 x 107" & 1 100 8 1 3876 7 1 100
fig &7 B I
3.7 x 101 1 0.01 1 2.58 x 104 1 0.01 1

(86 F 12 A 26 BBE)
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