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Space Dependent Kinetics Codes by Synthesis Method

Sadayuki 1ZUTSU” and Naohiro HIRAKAWA™

Division of Reactor Engineering, Tokai, JAERIL

(Received April 8, 1977)

A space time synthesis code and a time synthesis code have been developed
for the continuous synthesis equations derived from the functional of the two-
dimensional time dependeht diffusion equation. The matrix factorization meth-
od is used in the former code; the solution is obtained effectiveiy. Matrix
equations to be solved are first derived from the basic equations. Usage of
the codes is then given. And, results of the codes applied to the fast reactor
model (international benchmark problem) are compared with those by other insti-

tutions; effectiveness of the codes is examined.

* Postgraduate student
** TOHOKU University
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FErPoRBEALLECEFFORBERE, FIREEHRABKCE LT, 1 AFHHHTE
BB B IE U< O BIDRE Al BB BRI 81 5 bk TR OZRMS 76 ORI (LS &
B UTHYT, $ b EMKEHSRAEERT A CENNRBILRODDH2. L LIS
RN IC SR T O ERMRAER R FR KA BB C LI RGUHEOIERE b TLTHER
KRV EREEARE LT 5. o TEMREHBEHOMELETAERET A/0HIIE, £7F,
FFBROHEAH B LEARERICHREOERETITRNWE S FEADOMEAMRET ST L454
ELlp i, S

ERIKETEE FREROBEL, K2 2228 TE 5,

F1OHEL, 2H, BHBLO I AL -2 EMLT 2 HE ( SHOERENME ) THA.
COHHER A HFERORERSLOTH (THN0EE) OFENHLLIKTE, 1 vy =
BT AL LILE ORERCINKT ZHEE 6o, FHEREsLL D, BIZERITOM
FICH LU THSHOEFHEB TLRBEANTIE L. oTHERR TR, RZAERLF20H
B GEUWRE) OERSEZBHT L 0OBEREL LTEDN S T EHE L

F20HFER, PHEFROBHEIBABLCER LUENSAHEABMOR P o ERANTDH
5EIBAMENEE 1 AFAEUOHHICAET 2 —BOEURETH Lo DL REUHK
BEiwid, et { adiabatic approximation J, EEFJHILL ( improved quasistatic

" 3) .
‘approximation ) .%® — FE{d( modal approximation ) i&;UV‘/t:/zé}‘({syn-

thesis method ). ZEffi# » ¥ =aZMF26DELT/ — FiEl ( nodal approxima-
tion) . BREZH ( finite element method ) EMH b 05 OFEPMEEIR. TD
AR OBRBICE L CHERMIIEREINLD, BENRX(BLI0TTOEHRRZHKCL
THBBEL DD

B ECE CTHES LY AR TVEEN AR, S ECET3RMOMETH A,
THbHLLEFFEEEE FRRE, (stiffness EWVOBEB (TFHIEEBESAS RN 2R
TEHLE)DIIHIC, BWEBECEWTRBEZ 7 » 7280 Lo Bdnidumsiun—07h,
B E o~ SREMERG -BCEy BiRES it Tid, A4 FERRRE,. 8 28
R FERELIT AL, BUX T v "I A/EBELTCHBR NS, Z O, Bt
BFFETIZ10°Y. GEFCI1I0°HETHS. T, Rizl BEOEFFOREIRES
RTET 58S, LEIRMERT » 7HIR, APEFFTRI00 27 7THEM,. BEFT
1027 » 7icE L, HERMOEBMNEELRELN L. BBERITCET 2 BKEHE
3., KE, BRUK B« KNTERETEO—FLEBT OTHY, NRETFHORTBRETIE
BaDN7 4 -2 528N T, ZNOBREFFORBBEICEO TRFOREBICLEDL DI
EETLODERFTHNOOIENERIN S COBATOALNOHED T — 2T/ LT
BE45 K VAR THOEHLOHERBETRC IHINTEFENERING, T, 20
LRI EHL BN EICET 25 ERBMERD THE 3N O TRHRINIT RO M B
MA7 »7BP oK 65 RBMOMAEZBIRT S FEE LT, 2 20HENRELL LS,
BlLOHEIE, BERT » 72T 2HETH L. COHIKBMAT » PREF SO
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B TEOT 2 C EafTibnss, chid, MESUBUEMEBETHLOT, HRAERBLD
LHETH 50

BoOKER, BERT » 7HEOHERORELBEL TS HETH bo EHA » vt Hl
(TEHFELED—DTHEH, MICTHOREEZROE UREICLS T EEFEICLOTR
5 EMEZLND EEEDORMY Y2y R TR, BERT » THEHICE N2 HEAHNE
WAHFRXTHY, BERBEETH S0, EREMS 2 0ERTEESEENCERTELD
HENAEICE Be F0OA, BREBMEY Y€y 2Tid, ZTEHOKRTHIES LENTH S,
BT » 7HEOFERN L EREKEREI SRARKOFRRIZNLS. LL, 2O0HBG
CERETBHAT L LOCHERESEBNERCEZ20T, FERARRLAART L7000
HEEMCET ARTORLOMRAEORL EBHERAT » 7THEOHERMSKR v & v 2
EILE L TWAZ ENBA4BORMEABAL S b2 50

iz, vV YRBERBOTE, @0ELBELAVLES, 7T veRTEROEFICL
> Tit, FRAO I&KMIEIEDN, RETHDORR7 bR 1CEL B8RO RES
ELCELNACENSHD, TOBRTHEZRELARA VL LEERBCEUTH L. FEHIE,
BASOMBEHEAZBROE LMBECLOBNTECAHANEBEFE LBV EE2B DT
ARETIE, ERKEBSEE TR XOERBRED DL THROBENFED 1 DEEL SN
BuveyRABICEBL, 2RTANR LT AEMBME ey Ra - FERY £ 2D
— FAEE LcDT, TOREE I — FOSREAETHE D L3k, QEFEA (EHE~YF7 -
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2. % 5

2.1 LvtyRBFEAOEL
<BHE>
2RTEOBBERIETE, PHFR(¢) . BEMEFER (™), RTKEBE (Cm) Bk
EFHBIE (Co ) KR LTKRO2EO DY 2y LI LA BBRENEZ Dh do F.MRT
8% ( trial function) T, HEHMBENSZ TERRIZUITICL D522 HOEH
THB0 Pos O DIBHEE ( expansion coefficient,amplitude function,mix-
ing coefficient )T, v Y2 ABRRAOPTH 32 RKABETH 20

K A) R 2 R ( space time synthesis (8TS8))
¢(uzm):gw4nm(hn : (2—1)
#*(e,z, 1) = 20M) ks, 1) (2-2)

B N
Cm(l‘,z.t):-A—Ffrlé'lwn(r)ﬂcm,n(z.t) . (2_3)
cm*(r,z,t):x'g,n%yr:‘(r)rrog‘,n(z,t) (2—-4)
B) Bl €2 ( time synthesis (TS ))
é n.hthiw“pﬂ)m(n (2-5)
¢¥(r,z, )= 2N (r,2)pl(1) | | (2—6)
Bm N
Gm(r._z.t)iTFTué'an(r,z)WQn,n(t) : (2—-7)
Ca (5,2, =28 3 (1, 20700 a (1) (2—8)

ZLT, Bn BREPHTFERE. I,  ETBEBEEER, (2140 F-HEET DL tn
ERPTHTF R PAEEDLT IFOASNI P, F o pZ, (V XESREERE) PS5 I
TOR~T pNTHBo Ko — FTIE, BEERHM rA T2V F -BHEBLRLTLLE2HTH
— B EEEERTHN, TALK > CRITERTHNG, . BRAKTS e0, ME~XJ T
VxR ABEE D CC T, BEOBAEZBMEM~NS b (vector ) DBH,
AMTH DB AL BREMG 2N T — ( scalar ) DBE EMERL LT 5o

o HEOMAELIES
P, T o ¥, £,
Py N ¥, pa N v, O | P2
6= o3 :ngl‘ T;p3 :né‘l 7, 23 {2—9)
: O :
& ¥y 05 | Tiln \Pifn
L J L |
, T IXI AT ) e, (IX1)
Ix1
r 1
T 1, e , 1T - TfTOBEAI~NZ P (2—-10)
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cARTH-DRBLTEIBHE

¢’1 ¥ e ¥
o, ¥, 0 v,
N
¢ = | ¢, :fl & e = 21 ¥, £a {2—-11)
. s n=l . n=| ;
91 ¥yefa Tifn
| LI L1
o (IX1)pe,{1X1)
=1 (2—12)

X LIC—HICIE, WSO DOHTABOEHGEN BB 08550, TOME LT LELE
2 TH —DOBAEABEICONTTETo

M ¥ 012 ¥, P12
1 V2012 7 O 03
N N .
o= | 93| = X} ¥yps = X ¥, . : (2—13)
. n=l u=l
H P1a
¢'I wIpI n , O {P’I n, !
1 3
ToIXx (I—-1) pp(l-1)x1
I—-1X1 ]
I ]
T={ 1, , 1)t I —1fTOBA~NZ b (2—14)

<NER¥>

YV AFRAEECR, BEHO2FBRBERLEFRBCLE L EH8TE 5o 2TTH,
EHEBICLO vy o 2 ARREZE e BT RERCHG 35 BEK ( 2K OREHK )
EE0E T 2 LT, By vy RARREL (& > THEEREHRER LIV, 015
S, REBEE, TRANATERLAESEE LTV 0T 5, ARARERBEIRDG
DEEa

—> T . .
F=stdes dre (6 05— (1=8)xF ) ¢+r ¢ Drg+g™c
M ‘ " I
—6*Y 22000 — 3 GBu F" 6 + 2 Cnf 4G+ 2 CaCn | (2-15)
m=1 m= =l —

CTT, ¢ MEFHEEOTE» S L LROMATH . D EREHL S35 TROM AT
G, 1 HIREUFR<I brisROT ITOFRI by, 2=2r—2, T, 2y . 2KER
R LHLIROVAETH, I,  HEAFEE» 552 IROERATIHTHL o RIGESIF
R, to (ZEUEAREE, t, FRBHILERT S0
Ly v ZAFEA> '

BR (2-1)~(2-8) A8 (2—-15) LRA L, HMEREOBHEAROEBEDE SR
HLUTRERNBECHLE NIEREBL L ECLIOROES Ly VY ZAFEANRLN
Ao
A} STS
3

NI TE G B »—

l1=l<1">n u“:'n'—m=sl aZ<D>n’n azpn <F F rar—Z‘—l" ( 1_ﬁ)ZF>n’npn
M T

+2 B <tuF > n Cnpn ) (2-16)
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%a@mgyzo m=1, -, M (2-17)

. .
nE—l{ KT<meT>n’n( Pn— TL'Om,n -
= m

- n’:].:"'sN

CC’(‘<A>n'n§fsrdr¢'n'(r)A(r,z,t)Wn(r)'C“ﬁ)@. z, tOBE¥THE. SEHBLZ
CEd 4 r¥HEECDOVTORTEERT %o '

B} TS
N . E d d ]
2 <> abn = {<: “—Dr_”k“‘Dgi-24-(1“ﬁ)xF>nuPn
+ 2 B < xnF" > w %Cunyn ) (2—18)
N T 1 =
n{l?t <me >n’n(Pn'—Tme’n—£—Tme,n ):O m:1,"'. M (2_19)

m-

n’ils"‘s N

T CTCA>y g = J;rrdrdzﬂp'n’(r,z)A(r',z.t)?lfn(r.z)’c"&'aff), t DEETH S VIZ
AHEABRT 4o i

LTFTOH TN OHBRABBEICHES CEAEL 5. B » a0 HELTOR
DTHDo

214 R 8| P14
‘ X1a ’ X1
______ —— e - -
1=1 1 -1 1 1+1 1 =L
AHhg Ahy

BEM (X)E, A »vaf (1) OTR—ETHOX, ¢BILTE( .01 F)oe A vva
Fﬂﬁ@i- Ahl :ZHI"Z1@%50

2.2 =Moot R
g vy R DEMARRE, STSOEABAFEAOKMNES % 0L EFHEMNEICE
Tl L STROLEILB LN S,

N é d 1 N T ,
nz;l{_gz<p>n’nFZ-IOn _<M>n’npu} = 7n£<xF >n’npn n :13 Tt N ( 2_'20)

. 1 0
ZTZT<M>y <r—Dr— I>0a CThdo

<ERHREA>
FIERMPKEMT S0
N <Dyq >y <{D1a>n'a <D1>,,., 1 i
A B by A ~h 2 (M2 Al <M >as AR
N D on 1 1
! _n{]% nya 7225(<1FL>,;,1MH +<AFT o ARy (2—-21)
n'=1, - N;]_—_z’ ...... L—1
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ZOAERYT PV p=(Pia,Pragss Pran) ZBALTITAICE LD 5 LR DL IICTEBo
<{E>iq —<U>a ' o Pla <F>1a P14
— Lo <E>jg (U Pz 1 <F>14 0 Pre
. 2 R :
O : ) _ : :
—~ L2 <E>-nf | P1a ' F>rauf |21
(2-22)
ZhiE(—-L+D-U) p=R&EEZDHTO (2—-23)

CZTeLid, <L>DhouATZAT T » 7151, DI, <E> »5REMATS » 774,
Ui, <U>HSHE EZAT0 » 778, RiZ, HADSIESNENT PV THEO

Wic, iALranF—m( [4B8), n4E—F(NEE- FE) ELTINBOERD®S
BB51702 707 brper= (P, Paz = o) ict » ( Pust » Bz 155 Pod) i+ s
( Pact s Poz s Paei ) ia1 )1 B BAT B0 &, BERELLTHEC O mEHERZEC ST
EFBECES IR, HAFLTSAT g » JFRAIEoT S <UD &I, AT 2>
75, <F>113, B7 0> JiTITHB. EORFELLUTICRT o

YD
: , _
cpoe [T 0 EROB~OWHEDS ez
! 0 %%Lﬁ bff_o
<Xy >
LU <L 0
| <u>* o0 <L>* |
{U>= . <L> = { 2—25)
0 ' 0
<u>' [ <L
<F>“ <F>12 ...... <F>ll
<F>“ <F>” ...... <F>2I
- {2—26)

<F> =
<F>Y <F> 2 e <F3!
LTT, #nFTHOTH 79 » 7 = — FOREERZ DI NXNOETHACL->TED, £
DERILTERTHAOTH S0

. if i . - -
<Y>1i:"n :--<D1-l}|n' + <D1>n,n- +']; (<ET1-1 X’nAh 14 +<ST1>:1’nAhl ) ( 2-27 )
Ahyg Hhg 2 :

<X>h,::%(<2u4>}ﬂMu4+<Eﬂ>&nAh1) | o (2—28)

i _ <Di>ka | _
<U>yn = Ab | (2—29)

i _ <Dya>wa .

n.l' e — - ( _-3
.<L> o b 2 0)
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7 1 A . o ’
<E> = 2 (xFla>vh aha = FL >3 Any) (2-31)

<ATHI DR >

DECHONITHARR (2-22)0EE~X7 brpe LBEEHEIZELSHBLLEHFD S
LIERD B STEBEIE, (2-22)0FUDX7 bve 2FE LTEAD e £ BREE
DD e HHDDe IC—BT5ETRET S ( source iteration P S5WHo A3~ F
T, AIEOHBIREREZRAVADOTINAARMHE ( inner iteration), ZTHiTH
LTREOREABEAZAMRIE ( outer iteration } &S, _
AR EICIE, 70y 7 ZRBEME (SOR)E RO, EL —F ViIIMHENH0,
BHNTFe=1D070y 7 HI2F4 FHEEB NG, 70y JGOTHORIEIX, T AAF
~BIZOOWTRTEZATGTIATHLAL o —BLOOARKRRAILED, €E—- FZDO2WTRITRD
BERECLOTEIe WHOHER, B, T— FBEEMA » V2 RTOREONE L 2TR
DEIETEDo -

51 g UV , ‘
! < & i H{EBE#E (2—-32)

%' | P(j)l
AMEEICIE, EHE ( 1R ABE) £ B0 50 AL
09 = oWt o (f)—pUD) = (14a) W= 2p0D (2-33)

(0<a<1) &T56D0T, BB a=05%2BR T2, p ORBAREE, 2hEFHEL &
TORBMEFHNNC L BB TE S WROHERL, MEMA LB, =-F, 27 »
VaBEOEIANI PVROBRE p OWRORBIRIOROL I ITEI o

L2 10‘—1)
. < €2 ' (2-34)
AN
@ _ L0 .
28 <. (2-35)
f-l(]) 1 .

I Dy R D> _
2RI DMBEEMA T Yt RICLO0HETEZ 2HICRDOL D ICTHOBBRE TS 5 1o
o HAR TP FROFELAULTH S0

Pail fq,1-i4 1
D) e <D v LS B >
: s il Fiag T—i’
QR G Byt y AP g P I (2-36)

2.3 ZMBMLUELR
2R Y £ ROREBFERL. KOLDTHSo

_74
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N . M
3 <owba =Ll 5 <D>Jn az Pa +<M>uy P+ 2 Ao <A F o "Craa }

n’ =1, - » N (2-37)
n}z{ 7' A F > ((Po— TCp,a — z—lm— #C,n ) } =0 (2-38)
” .m—l.. ...... yM:n/=1, ., N
2T T<M>y, <}r_ aarDr éi; -Z'l'-l-( 1—-58) ZFT>n’n THhbo
<EFHBR>

T OEEAOTREBAEEINT 50 pHHMAT » 72RDL, BEF< IS 1TH
ETHbo0

P4

N - +] +
n{l<f>nl,.—"—“——5t—"“* 2 {0(<HSY, P‘+zﬁ,,.<me >¥a #Cm) +(1-0)

(<H>‘§fn ot +m§ Bl A F > 2Ch 1 )} n! =1, - , N (2—39)

AP
Fcrobirr Omn —Onmn ¥ (2,27 g ™58 ( o2 — x2S

e At e} [ r m,n
F(1=-0) 2,7 < guF >0 (5 =700, )} m=1, -, M;n’=1, . N (2-40)

d a
- C.E‘<H>n’n5—a_z <D>n'n ‘5%‘- +<M>n’ﬁ

CKIAP = 92T P a4+ (1-0) 2Ty, F N =
P+ 1B TI2HALEIK, PTETAHEARACLIE LS L

231{(<’>“ 0 <H>HA ) o5 —0 3’ Bl XaF " >n 7Ch )
ij T>'“‘+(1 0)<H>,,f.1)pn+(1—0)§‘1ﬁm<me> 7Co.n ) {2—41)
P+l
F(SE2E g2 ot ST ) OB — 0 Aas T 2T 05 )
' P l P
=‘1{ -<—‘i>t— —(1-0) 2,7 < xgF >N, 7) Cha+ (1-0) 27" auF >0 py)
(2—42)
Wic BRIKIC Z ML % o
¥, <Dia>dh ot +§{[ r>” Ahiatah; |, <Dia>Th | <D
ast  Ahg 5 2 Ohyg /—\hl

¥ T ~ P4
- ( <Mya >ia Oh +<M1>J., Ahy DY egt — 02 ﬁm (CAnF1a>vn &b 4

: T- Pyl P+ D
+<mel>n7n AHhy )EQH";II} o 0 <A}11Tnn p“1+1
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< D 1-1 >11:’n

N <Dia >nn P Lt >pe Ahya AR
=X —g)y—— =7 + E —(1-8
n:l( 1-6) Ahy friq { C At 2 ( ) Nhig

M, 1
= (<Mia ST Ab g +<M > T0AR )8 H(1-0) 38, (<t F >0 ARy
LHhy 2 m<d 2

<Dl>nn ,OP (2_43)

P : P
+< mel>n"nAh'l ) J'cc}m,nl } +n§ (1— &h} 0141

g{[—' (<Kia PN +<K > P A, )Ait'l‘el T (<ZmF1—l>P+l/—\-hH+<1mFl>P+l

Aby ) TICRT, — 6 (<meT_j>"*‘Ah1_l +<auF1>" Ay ) 057 )
N 1 P+1 P
:né'l{[‘z'(<KH> 'Ahl~l+<K1 Ahy) —-—(1—'9)/1 4 —(<mel-l> AhH

+<me'E>PAh1)f=JOm,n+ (1-6) 2, 7" §(<meH> Ay +< taF1 DT Aby ) Pt )

. (2-44)
CNENTIAL= (f10, f1as s T1a)  #BALTARCE Eth B0 CTT
£1 =01, C)TTHO, TAKHIELTR= (Bey, Rey)T &F 40
LE2 1 —=<U>a O {14 Bia
~L>ie <E>12—<U>2 f1=2 Bi= '
: =4 i S (2—-45)
0o L2 a<E> T} Biw

CCTp 1 ENBOER(E-F)DoHAI 70w 2 (Z2AMF—B)D~T b, Ciid

N1 D5 FH( E-F)2oRaM7 o7 (RITEM) OR7 brbd5e (2—45) DK
a 17 ﬂiJ/J,—F;Cf{?-ct'ﬁﬁCfi%o

S R R Pl IR g e

XS CYDSE <P LA oM
<E> =[<FSNCEST OOy | <o - <t (2—47)

PP <P <> - 0 -

<P$’“<P>M2 <P>MI 0 <Q,>M

u>
<> ©
O .
LU>, = 0 (2—48)
<U> . . ' .
0 0

KL 20T, (2—48) TUALICEXME 3o
Ry @20 T, (2—45) ORLLOBR IS,

— 0 —
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LT, #NENOFATe s INE—- FOREEZZEDOTNXNOBITHTIE>2TED, £
OEERALUTILERTo

i _<kaaba+an | <Dy <Di>yn |, 41 19 9 -
Yo = o n 8 Bn g v i i
<Y >n ot 2 + Shia + Ah, -+ > (< " arl)[_; r ar+£"pl_l>n’n
19, .8 i i 1 T i)
Ah g+ " arDI L + 251 >n'n ARy ) ( l—ﬁ)§(<x Fli > nhg +
<A F1 >y ohy) (2—49)

. 1 . . L
X >ogn =10 ‘2'(<Sr1—1>;’n Db+ >na AR ) -0 (18 )]2;(<XF'{.| S Ahyg

+ P ang ) ' (2—-50)
if 1 Ii il
<F>4L=—0(1—ﬁ)Eb<rﬂ;%aam4+<zFE%%Ahl) (2-51)
i'm 1 T - ii T i'd
<G>nln =-4 ﬁm§(<lmFl—l>n’nAh1—l+<lmFl>n'nAhl ) T ( 2—-52 )
- 1 v v
<PY==0dar" = (<xaFisDvadhig +< taFi>i AR y) (2-53)

1 1 1 it
<Q>nl:’n :E ( <K1—-l >n’n Ah -1 +<K1>n’n A-hl ) ZT + ¢ imr"’T E ( <me11‘-1 >1. : Ahyg

+ < xaFT> Ahy ) = (2—54)
i, _ <Dl>xi:’n
<U>mr-0—7ﬁﬁ—m— _ (2-55)
i, _ <Dl-l>|i1’n
<L>nn—8—Al'T;__1._ {2—56)
<FIFORE> '

FHBEER (2-45)04:01, FIOKBEA T > 7ORPOBONIBABTHL 2 5H4
DAMNEGEMNA T » 7BICRETACECL0H L0EER 7 » 7 OBRHNKD HiLde T D
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4. FlESTES (@ & 7~ 0B/ )

ZLTHRBETALETNIE, 1973 FEILNEACRP (Nuclear Energy Agency Comltt )
—ee on Reactor Physics ) b OB INEFZEFO 2R B/~ F7v - IMEBETHS.
Zid, Fig.1l, Tabled TR T L5 EHFEL1133T4em, X170 cm OHFEHNEFHY

P EFNVTHO, m , LAFL, m 20877 V4w b, m, 30HEEE, man&HM(Na)
St 50 MEEFOI ALY B 28, £ETEEAK . 6 88TH 5. AL, d¥HK
FEGTHLH, RHETR, BEONEEMRLFIFL TI/HEEREZ 2334 am& Lo B
BERLHEOEOREENMCIE7 4 - N 72BLTRHRELTV S EFHERBIRDOLODT
HO, 7 F—4%TablebiLRTo
o MEEI

= ) |
P 03% =3 (t)—q(1=0) | C(4-1)

TTT, o MEEE, C.MEEKHR, q  FLTESLLAE, T BE
0T 4 —FNy JEFAL(FLODA)

(4—2)

axl 4 /300
P ('""_
RESEFcH T, ILIF i BOBBNKESE, Z: 3B i BOHQBNENTH L.
o AP EBEq KRR TEZEI NS

P=7347x107"2/dv 55} ¢! (cal/sec) ' (4—3)
mlm 1

a4 ——*—7347X1042de22i¢i/de ( cal /secscm’) (4—24)
4= 0.335 m-1 i t o1

ABaEhit, $i8# (n.3)% 15msec T65 cmBl X L3 LICLO EDOEBENE L
[’anlo
A) STS2-FiIZXA2KEER
KTEAET. (o) i3, FTRKET LHDCZ2 HFAOFHEEOHRAZINLTHS HE & HEE OF
AZNTOWRWERT r AO 1 RTHEEFHIAE L EXPANDA o0 - FIREOHE L

T

; n=2
R
n=1
n—3,B
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RORCOETATR 77y MEBMAXOOTHART 7 vy » F TORTHARE ZE
Ly ZNAEFIDE~FE Lo
FLEORTTEE T (1), Trg () AFTHET A DTN 7 VB LTI

T 2 2 .
P = = 25z 1, E R 2 W (). ¥y % Fig. 2 TR
B @%j G?@ £ 57 fro T ORBBSNI Uaa (). Fuy ()% Fig o

AT 7y bORTEET s (r) TOVWTEELERAR D Z Hit{ 2O EHKE
ZLTHDKAK I - FILL AR A DHBETIL o2 O0NFig.3THdo HMETAEKE LT
DIDERANL @777 » MMAT FAD L RTEHMFHRIGEAEL (hiEFH - 0)
QFUEFEREELTFELBOOH FRIFAL25I20FHFHREE LT (FLBORTEK) x
(777 POUBRH)IESZL 5, COAOCORBLSQOEBAMNKAK 2 — FOKECE
HbRCHLTWEDOTUTTINEZRA A0 AFHETE, RABEKELTE, O ER L1
56, TOERSBEICH T ~F VEEAFA N X, 74— F Ny J itk RTEMOESOE
LIZEDONLE L 2 DTR D E L,
HEtoRATEBARCT2E—-—Fad W I3~ FCRBEBLT.

S (r,2,1) =¥, (1) Paa (2, t)+Fpe (1) Ppg (z,t)+( Fpg (1) Poa (z,t))(4—5)
FLBATERICLS 22~ FOBAEICAt =100psec & LTE SN BMELK 0,4(z,1),
Poe (2,1) DIFMEIZLAZZNTNTFig. 4, Fig. SKET-Z2AETNONO FHITHE LK
BHHECEBXETHL, BHEROBRBEDOZEMAHHBUT VIO TERBERE 215 -7
BLL T2, BHEROBEEBOEEAMNRNEE T 7 V7 » MITIIBEERIAXA
Bo 77V FEAMEMAEMA .3 - FOEASDBBEMIC >N TIEFig.6, Fig.7,
Fig.8 TiKdo

AT BHER THM L P TR S (r.2, t) OMRED C ( S19E 0508 T
D2 B3HEFig.9iC, RR(EMECBBXKEONRICBFE r i[) TOr D% Fig,10
i, B@R(MERT 77 » FOBRICEFS ¢ HE) TOr 34 Fig.1 KR L KAK 2
— FEEOHERERB LY 3T - FTIEWIATKAKZ - FORRL—FKL, XT+~T
DHBGEHLBLORAMT 77 » P TR—BARLTWVD, LibL, 2E—F, <7 b
A& LD ETMBTRRETHLI, @BEMT S Yhw VEBRERT IV v POEEG
THRTEBRENRI G X, 28—V, Z47 T AEMAERNT T VY » FSEKTHEER
K& {tido

B, BE, HIGE OHE#MREZNENFig.12, Fig.13, Fig.14 it R"do 5=
Ty T MAtEREATHALEAt =10p2sec At =100fsec Tlt, $5BICIEE A S LR
P oleDCAt=100psec CAETEET L0 oto CNLDFELOEEL M (I
RREMETZL&E, 3T - FIZd82&@2F - FLOBIRALIELS, 22— F, 24
T-TCHTHRHLURREEEZ TS,

PHBRE B LU 1 0msec ETOBEKEICH T 5 7 HEE ( CPU time ) @KDED Toh
4o
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IEEEINC L 8 BK e

STS 2mode, vector 43 sec 1.2 min
STS 2mode, scalar 28 sec B2 sec
STS8 3mode, vector 1.5 min 2.3 min

B) TS 2— FICLZ#H
2RIERTEHET, (c,2) i3, A) TORTEE Vg () 2HVTER Y Y £ 2ITLD
t =0 COMPREBOERINET, (r,2) & t = TOMENNKLEMRHE (r,2) 25t L10
EAHEKZ., 2y vy 2L 0B ERTEROMHEEETS 5o
LoTRTHH 2T - FTROL S ITBEB Lo
¢lr,z,t) =0pm (r,z) Opa () +Tpp {r,2) Ppa (1} (4—6)
At=100psect LTEBON:BIAGE 00a (1), Poe (1) OFFHZ(LEFig.15 R
To Ppa (1) D15msec BT AEFELVEI, FlEEOEHELEIERTH S0
AN FEME S (r,2,t) ORERBEEHLCRTOZAM, RBTDO com%E
Fh#NnFig.16, Fig. 1T STSORRELEL TR LI
B, BE, RGEOHE#KRELZNF N Fig.18, Fig.19, Fig.20 itxRd. FFEZ
F o 7PHAtAEZTAHATHLAt=10psec EAt=100psec TiL, BRICBEALERED
hol®OCAt=100psec THETEXAL L8O oo 2T Tid, PIHE — F¥oalnz)
AEMAHEETS 1 AFERICHSETI/RGEDH TR LT,
RTEHE LT 1 0msec TTOMRBRBICH T L5 AU ( CPUtime ) FXDHEITH
%o
AT 8 B R R
TS 2mode , scalar 3 7min 1.4 min
TS lmode , scalar 1.4 min 43 sec
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TERURG BFE L TRy v ey REBSLUBREY Y e v REBICL 0BT 5 72— Y EAE
KL, EBCABHTETVORBETFELT R s ERROL DR EE o

B, HEREAAVLENEEY Ve AL EFER~xYF 72— JHEAD 1 0msec
FCOMRBERELZELHNBSG( 2T, E%%&mXﬁv—)mmmsowcfﬁ<c&
MTETo THIFIAFABUICGLIVESITHO ., ﬁ@%ﬁ%ﬁ£é4ﬁﬁﬂm«fkmmﬁ
B OERSER I N, CNICLOERIEM Y v v RICK D EEFOEMIKE B ER
FTEERLLEAEEZLNS0 :

#2217, PRy ey AT AR TEROERNE %&;Uﬁgﬁﬂmﬁbfgzé
EBIZOOTIRROT £ oo
LD FRAGELOFLCEBR LB ZA R (Y. RES) 4HE T L3R

OORTEHBROLEMANWALETTITHE. COBE, BREKREZ R AT -LTHL LD

TE, TRCX o CatER AT EEICHA L THD T 5o
CT IV y PHOMUFEAMEITERT AL B ZCTORTERL S ELT L0, BWH

M7 54 bTORTEBELTE, (75 7y F COLBBREXBELEORTER)

AU FHEETET Ty P OB FRAOEINR. LA L, 28— F&3 - FiLT

5L EHMNIL 2ERBERE LS,

T3z, EEEE e o REF Y Y RAERET A2 ST L0 BRI v v v R0,
Bl OEREHABCEVTENTVEIDAKB ST, BERECHECBOT b v
Yy RTEFLTOS T &g 2T

g, SEOEE L LR, —BEENLHRKIEETVEREE SE LT LICL D EHMERF
FRET 2 - FBBIREETHLY, 20BE, ATHEKOENLELERT AT LO4E
CIBDT, &45RTEROMEOHEHEEEEMEERET2BMTER Y Y £ v R~EBET
BLEMHBEEILL o |

&t &
ARAEAZZBTTACHOBBMEBEEZ L WEELREIEFTOEBLARERICE (R
HOBEET Lo 272, BEOLA(HE) OBARFIRRFIBECELTE2DOEE PR

WmESzon-BARBEFIRERERFEREZSOESE#BE LI OMUE_RICE(H
LT ARETH50

— 47 -
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5. b b T

RS A EREE Y v ZAEELUOREY Yy RBICIDBITT 53— FEF
L, BEECHANETETLVORBEAEET S >t BRROLIBFEREE I
1, EREAAVLENEEHY Ve AR L0 ERF~XVYF 72 - 7B D1 0msec
FTTCOMRBERELBLENMEA( 2, E%%ﬂmzﬁv—)mdﬁsowctﬁ<c¢
HTE T TR LEFENCHAEVEITHO, ﬁ@%ﬁ%mx54ﬁﬁmm«tkmmﬁ
B OEBINER I N TITEOERMEN Y v € v RICK S EHP D EMIRE B
e EZRALLESALEEZ NS : :
200, BB YLy 2CED ARTEMORRIBEL LOHERTCHLTEAS
EBIZOWTRROT &0 o1
cFLDTFESABLCRLCEELBS OB (. BEE) 28RS L 23R
LORTEHOAEZHNALETHRTHD. COFE, BRRKA R AT —KTIHT LY
Tx, TNICEL > CErERMEERCHA L THL T 50
o7 bhOREFRERMAITERT AL ERECTORTERELLELT S0, B
M77 4 bTORITERELTIE, (77 V45 P COLRBEXFLTOATRE)
TR ETLT 75y PONBFBEROENR . L L, 2€—-FE3E - FILT
Bl b REHIT 2HEEERC L5,

B3z, Ty e o R Y e R ALY AT LT L0 ERIER e v 20,

Bz R OEREFECEOTENLTNIDAK LT, BERECHECEOT bk v
Sy RTERBLTOA T EMh 2T

nE. ARORBEELTIR, —BREALAKARETLLES I BT LICk 0 EZRIKE
BYEF I - VP~ REIITETHLY,. 20HBE, ATHROE(EERT ST LHLR
CIEDT, 5RTEROROEDIEEHE BT T 2BERER Y € v 2~EBET
BT EMBE LD o |

5t A4
AFREAZBTT2CHT-OEEBEBEL O VR EIAFETLEROEHEECHETITE &K
HOBAET Lo T, BEEOLA (ARG DEXAEFIARFBECELTE-DFEETCE

MESzoNBARABEFIAERGHEFOERESOENRBEE L8 LD UE_RICE(HE
LT ARETH B,
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Table

Xumber of neutron groups : 2
Number of precursor groups : 6

o0Geometry : Cylindrical FB3R r-z

=5,0(0-8
Az (cmg ), 4

oPrecursor Constants

# Anm Br
1 0,0129 0.,81%10
2 ' 6.87x107*
3 6.,12x10°%
4 11.38x1074
5 5 12x10™
6 1.70x107*
oMaterial Properties :
Group 1
1/v 1.851x107"
% 1.0
(m.1)
) 1.813%6
p Y 0,006089
vIglv) 0.007457(2.9591)
T 0.002085
(m.2)
b 1.3895
i, 0.006256
VI (V) 0.000835(2.756)
pal 0.003598
(m.3) e
] 1.9960
UZ} 0.0
Ty 0.003101
(m.4)
2] 5. 1600
2 0.,001307
L, 0.001294

QOON OO0O0O0 D000 OO0 O;A

4

Group 2
L088%10°

" & 4 4 .

-

D)
OO0~ OOO0OWw 00O

QOOw O
pargrard
)

O =l

oL O

ol
(Y& AN ]

&

0186
08686
00%28(2.430)

N —

o

500
8639

o
W

0101

Ar=2.125(0- 8) 2. 25(8-12] 4, 73?4(12 22) 4. 0(22-
5(8—18) 1. 625(18—22} 4, 2778(22-31) 5.,0(31~33)

x,,‘ 1 .0 ] ix.F0.0

(2.88255)
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Table &

oParameters for power and temperatur calculation

p= 9.0 g/em?

C = 0.07 cal/(g°%)
T(t=0}) = 1000 °X
P(t=0} = 1000 Mw

oParameters of cross sectlon derivatives

type grbup a
capture 1 3.4376%10 °
2.2759x10"°
fission 1 2.1677¢10")
2 2.8906x10™
r
o 17 26 73.374 13.374 (cm)
o 8 12 22 32 (mesh)
0T 0
40+ 8
m.3
78.5417 |
8521 m.1 I m.1. m.2
M4
130131
Z 170133
(cm}{mesh)

Fig.1 NEACRPOEHEFERvyF~v -7l
(23— FORTII1ETEN)
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Presenl cal.
» mi

o STS(D) "% 10%sec
— STS(D} 2 100 usec
* STS{D) 2 1 msec
12 X STS(D) 3 100 psec
o a STS(D) 2 100 msec Prgcalar

0
L4
®
3
v
. @
E
o
[\
10
/ - CRNL{ADI)
! == UK-RIS(improved quasistatic)
/ —- GFK{adiabatic)
A
IO‘J il R I PP R |

20
Time({msec)

Fig.12 FHHOKRMELOLE( STSDES)

Present cal.mode At
i o STS(D} 2 10 psec
: — STS(D) 2 100 psec
x STS(D) 3 100 psec
a STS(D) 2 100 psec p:scalar
30001 ,
~ e CRNL(ADD
x —— UK-RIS(improved guasistatic)
. - —— GFHK(adiabatic)
o :
5
©
g
. EZOOO‘
o
-
1 = - '

w0 ' 20
Time(msec) :

Fig.13 BEOKMELIOEE( STS ODEL)




Instantaneous reactivity (§)
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Present ca!.mode at

e STS{D) Z° 10 sec
r — STS(D} 2 100 upsec
x STS(D) 3 100 psec

L
— UK—R]S(improvEd quasistatic) .
S GF K(adiabatic)
x
F o ON*

05 /
0.0 -y 1I0 L , L L X " " A " _2lo
Time{msec)
Fig.14 RIOEOKMZAOLE ( STSOHE)
302:
Fu

o

Expansion coefficient

(=]
o .-

10 20
Time{msec)

Fig.15 2% - FOEHEBECET2EBHEH (TS)
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. Present cal. N
° TS(g) 10 wsee
— TS(B) 100 psec
¢ T5(0) 1 msec
12
10 » Point kinetics
L]
10'I'l_
®
H
v
3
0
o
10"
$ 5 .
/.
/ «s CRNL(ADI}
/ ' == UK-RIS(impreved guasistatic}
/ -«= GFK(adiabatic)
/;
109 'l N P, N PR N I

10 290
Time(msec)

Fig.18 i ORBEE(OLE ( TSOBE)

Present cal.

o TS(8) 10 e
— T5(0} 100 psec

x  Point kinetics

30001
— —---- CRNL{aDI)
:“’ —-— UK-RIS(improved quasistatic)
~ —-— GFK{adiabatic)
v
2
o
g
22000
(7]
'—

w0 — 20
Time({msec)

Fig.19 EEOCRHEAZEITORLE (TSOIEE)
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Present cal.

o T5(8B) 10A;:59c
— TS(B8) 100 usec

x  Point kinetics

—= UK-RIS{improved quasistatic)
--= BF K(adiabalic)

. ,/ .
0.5p ;X
4
i P
[ Jx
}

00

10
Time(msec)

Fig.20 REEOCKMBMENLCHE ( TS DIESL)

20
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