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This report contains summaries of papers presented at the Seminar
on Software Development in Nuclear Energy Research. The seminar was
organized in cooperation with Japan Committee on Reactof Physics (JCRP)
and Japan Nuclear Code Committee (JNCC) with the aim of stimulating
software development activities related to nuclear energy and was held
at Tokai-Research Estabiishment, Japan Atomic Energy Research Institute
(JAERI) on September 27-28, 1984. The summary reports highlight (i)
the three—dimensional transport code development, (ii) the nuclear code
vectorization and (iii) the code development for thermo-hydraulics and
safety analysis. The summary of invited paper is also included. The
summaries have been compiled in one report to facilitate the open

exchange of information.
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Opening Address
Satoru KATSURAGIT

" With the aim of stimulating software development activities
related te the nuclear energy, this seminar has been organized in
cooperation with Japan Committee on Reactor Physics (JCRP) and Japanese
Nuclear Code Committee (JNCC}.

The developmental activities of nuclear computer codes include (i)
collection and evaluation of basic data such as neutron cross sections
and so on, (ii) development of input data library, (iii) development of
fundamental analysis models, (iv) development of numerical methods, (v)
hench-mark test to validate the models and (vi} integration of the
individual codes for actual use.

There will be still many coorperative ways among the relevant

committees for activating software development mentioned above.
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EoBZnETE, RIFI20FIC 7 4 ¥/ 4 v VHIC L > TETHEBOEARIEDRRNS
Y, R 21 AR OB THEMENIAC #5555 LE Lize £8L0 %, BIf 17 S R A
OETHECP -1 AERICE - TVWET, o, ST EESEFIEHEROCFGHTER
&Lfﬁw%n,Twﬁyz,ﬁuﬁuyy,DZ?i%X%@ﬁ¥ﬂﬁ%$%T%¥ﬁﬁ%®
%%ﬁ%ﬁén,%ﬂU%%%ﬁ®y7hﬁIT&%~ﬁﬁ%@EK@ﬂoT%ﬂﬂ@w%&ﬁ
TEEOTHN T4, BI3LELE T, BT 300 FRFAHE D — FARRsh, BTPD
PR R ORI ICAO LA TEDE T, B 1 HREUBHOHR I - FOSHATTOOTHNF
4. evFnoakpTransport TOHAERE L, AROF —<&—BLTED, 2545
HEa— L LEES L TOHCAOEIBHEEFREE T, EBR, BROEFLETT
WBT EFEERAENDOEEDTHD R T,

AT, W33 EFOIBM 650 A5, T HART A ABTRBIACHEA SO,

T Er Ao - FRIREEAEEE, Chairman of JNCC
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2. ZiRjuEA a2— FOBE
Development of Three-Dimensional Transport Codes

2.1 =xrEEEstRE ORI

h m OB et

SRR D MRS E o — PR OFE S BIRC 0 TOE EDHET I, ZRmkNE
HEXOR BN IHERE TS E YT AVOE, Snik HEBRSESLIUVARERECAD
(o — FDBEAEITYe SO INLDBEDHRICOOTERT DL E b, FRNDERE

B

A Retrospective and Prospective Survey
of Three-Dimensional Transport Calculations
+
Yasuaki NAKAHARA

A retrospective survey is made on the three-dimensional radiation
transport calculations. Intreduction is given to computer codes based
on the distinctive numerical methods such as the Monte Carlo, Direct
Integration, S, and Finite Element Methods to solve the three-
dimensional transport equations. Prospective discussions are made

on pros and cons of these methods.
1L F &

CRILEETERRET R OREEEIIO 20 ARBE SN TV 5h3, FEHNI T — MR TRA
ShToaREHHEHEE LTE, TyFarvalk BEEIE, SulkiEREREZDOS~E
EORR Al SREO R LEoN 5, BRHEEAAEIISEOBSTERCERSN S,
=y FaLoEs BEEOEREANOKESEREMTETH S, —, SaEL HRERE
RIRMSOEEFEAETHBUETEDICHEN 515, ,

EvFALRECEVTE, KL TOERTTLEANEHEOFHICRILALEN LD
®T,Eﬁiﬂ*F&LTﬁﬁ%EW%ﬁKﬁﬁéﬂ,1%5@%%%%@:—F&LTO5HU
BBk X P, RECOBEMLE YT A0 - 3 - FORRHBEH TS — L, O5REE

* AAETF %S Japan Atomic Energy Rescarch Institute
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Present Status of Transport Code Development
Based on Monte Carlo Method
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Multi-group Continuous energy
Reaction x-sec. group average point wise
Slowing down matrix exact (kinematics)
Angular distribution Legendre pol. kinematics(table

direct represent. £0-30C mesh)

Self-shielding table not necessary
Doppler effect table . discrete
No. of group or point 100 - 300 - 18000
Typical data area 30 k % media {lk - 80k )% isctope

#2 REMHE FHAORICELESRTED —F

- B R MM A5 HF W7 T
MCNP LANL n, 7, n-7 Point 1, 2, 4 il
VIM ANL n Point, B /4 CG, #F
SAM-CE EPRI / MAGI n, v, n—7r. ¢ Point CG, BF
TRIPOLI CEA / Saclay n, v, n—r Group+ point 1, 2 AR EhiE
MONK UKAEA / Winfrith n Paint Hole routine
MORSE ORNL n, r,n-r Group, Py CG, GG
KENO ORNL n Group, P, KENO geometry, GG
TRIMARAN | CEA /Saclay n Group, P, 1, 2 RHERE
TIMOC Ispra/lItaly n Group Slab, Cylinder GG
KIM CNEN /[taly n Group +Pointr CG, discrete point
TARTNP LLL n, 7, n1—7r Group, ENDL Function
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Fields
# Neutronics design for magnetic fusion reactor
EBT, Linus, RFPR, Tockamak, FMIT
% Shielding design
Electron accelerator, Antares laser fusion facility
% Health physics
Instrument design, radiation safety
% Criticality safety-
SPI
* Nueclear safeguard
* Benchmark calculation
Shielding problem, Critical assembly -
% Experiment analysis
ORNL 14 MeV shielding experiments

7 ox75EARRFICETSMCONP 2 — FOERASEH

T % T TFET

1 |
220.0 230.0 240.0 250.0 260.0 270.0
Neutron Energy { eV)
8 1Py BT EAEO L ENERGY 214,450 eV) - 275,36t aV)
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23 EUFHLLFRCEDEFTELOBES

R NI v -

£y Fhvn B s B O R EEREAEE L O HEHTER TH 5. RIERNSE
Ot L, BAERER ST v T AL 0EtECE s TRBEASBENRETRE . LALA
Mo, TYyFALoEOBEIRNARADT LAMNOHESNIEO S HIGRECL - THES
n5. __ ,

EEEE, WEEBRA MY - I Y TEGARKSSERAFER  oHORENREERO £
%, TOEDHKEERERAME ikt LTE v 7o vofEfEaitERsRREs k. L
L,cm%y%ﬁwmﬁﬁﬁéﬁﬁﬁéﬁmLt%%?%,m%ﬁer_ivﬁkﬁﬁéeé
IO FHC B B T A A8 E AN E (- T, 2T, HREHA MY
3V SrERES AN WFCEMMRIEE T AAREBR T A DDA EEL LT, B
ZEVNE S 7 F hOBREBOSHAERT A HHE LT, FRETE, VU X LBELE "2
£9 5,

Problems in Radiation Shielding Calculations
with Monte Carlo Methods
Kohtaro UEKI+

The Monte Carlo method is a very useful tool for solving a large
class of radiation transport problem. In contrast with deterministic
method, geometric complexity is a much less significant problem for
Monte Carlo calculations. However, the accuracy of Monte Carlo
calculations is of course, limited by statistical error of the
gquantities to be estimated.

In this report, we point oui some typical problems to solve a
large shielding system including radiation streaming. The Monte Carlo
coupling technique was developed te settle such a shielding problem
accurately. However, the variance of the Monte Carle results using
the coupling technique of which detectors were located outside the
radiation streaming, was still not enough. So as to bring on more
accurate results for the detectors located outside the streaming and
also. for a multi-legged-duct streaming problem, a practicable way of

"Prism Scattering technique" is proposed in the study.

t WS HIEFSEAR, Ship Research I[nstitute
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1. FADBE

EYFANTEIC LD ERTREOREFAXE B M SNIEVY = VHIESERNTHL, T /T4
OO, IERUERTE DR F RS B LT R THITH T 0 AR S AL
ERT E 1 B AT R AL A0 TH » T, BEHRAICHT 5k REEGRHO ML
WETHD, TDI, DANEHSERLOBRIER (FAE, ro480 ) ThH-Th,
BIRNFEA T EPTE B, LihioT, VAo FEORAOHEIR, ZRTAERBEORT
DR TEEMOPRERNTE (FIZE, FaAx2Y—F 4 —F 07— bE )il BHK
TABHICHAELEEA B,

L, EvF Ao EOfEEER, HTE 1 ES>205RE, SHKE CE—BIFL, &
HRICEES4 AR TFOEALZIEL, BE2EB20T, HTORER (HRE ) Lok ETOY
THEEFEENAZ LT L BARBERBRTE, 7 vigcMoho ke LK
g, RHENLTERBACOHONSTREHEEOHLEREZELICLBELIE S,

ASHETORBEER TS, Ty FavokrlitBEgkd UTEE U 1950 2225 1965
FUHE TE, WEROBEBSA Y — I vIEIBEINED LA, REROERE» o ORMNET
HBTANF (albedo) FRbBLHLE(HOLNI, £LT, AU —3 vI/RECIREK
DT ANRFEFRALIZT AN EyTAVOEPSRBESN, BHINTE L, 196050
B CBETHERONBESENMDBERICES, AYET 7Y Y EOREPLREEGE -
T, EvFHaENERGTEOLROCAH CENLHEEREE LTERAENA L 2174 -7, 1870
ERICABE, KEORNL » bEEHLAEY 7 #vo 3 — FMORSE Vs s h, 41CES
T THAZE THELAEA SN TV S, MORSE 72— FiZE v 7 AL oS EEC LS5 HH 5
I EBRIET DI OFERS S 1 HEEEH L, i avakiERR TSRS LTOEAS
NBE-ODEAAN - FE LTSN TE 5. £/, 19794 ITERELANL &5 3# 5
=i fEAEYFAL0 - FMCNP kK sh, RARSECHHATS 2L 3 1-
7o S5H, ERAPRITOFEELHRIANA R T =2 — o=y ABICEREEOEITCE, I
NRBDERTH-Th, EVFHLVOEREHIH T 5,

PlEntsic, AO0evFano i BERGTECERAT A LH0RRBE 7T ST A3
HEOBEE T, BRI S OERLCE - TETHEN, =7 arakEa7ossasin
%mowfdéBK&%%%%&ﬁé%é§§wo%%&%V?ﬂwﬂﬁﬁ%éﬂﬁﬁ(Mmm
Carlo coupling technigue ) %% L, RAERARTOPI FERTHCHN TSAL &
AERT—y OB ARLUTEL LD, 48, afs+-oERENECE&8H 5. V7
AnoEOGBEERANROERCTEDEOR LCHD, IOGENDT TR FRRKECHKCT
HAHD. _

FIERSHBESNAZTELETHOR LSO 2hFoflZ 0 biF, LITOLSGFIETE
OEREFROROAES, B2E TR C 2 TRFSD fractional standard deviati-
m)@%ﬁﬁmowfmn,%3%%*@@%%%%%%®%yfﬂwmmﬁﬁﬁbt%éwﬂ
FEAIALMACT B KOTEAT ey T H VI NEEGHREEICL - THBRTE/HFHEE
SMICES NSRS AR5, B BETRE 4B TH S - BB ERIRT B
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B DO TOEEST B, FL T, B65F TARRE &85,
2 EFHILAHEREORE

=24, OLHUEATEryrFANCETELEDET S,
+ 0
X = J xfixldx

{{x)=xixtd Bpdf (probability density function)
x  =xiciddAMEE (expected value )

5, NEDF v & LBEH (x) x2, 00 N ) pdf f )T - TEFINE SO T Hud, x

oL TOE w7 #0002 ( Monte Carlo estimate ) IFIRO L D ITHE DS,

A 1
N oo,
()2 —Ric x it 20 TD Y Crude Monte Carlo”FFHlEFL, EERICIZIRDEREEST

7 VT B

x = J glxldx = j x [ (xldx {(3)
rE, xIENRBOY Y 7 vicitd 20 (mean value ) THD, 27 -7 ( mean

value ) TH 0, Bl -7 NEOY ¥ 74y b [ZR - FHEM x 2 b7 LT Lo EMFE LT

Fi. UL L, x estdafasreEgshnid, x FECHlR S LTxITHE DL THbL,

NowilsBnT, x = X {4)
N—co

CRIRF Y FARDAREOBAOTETHS (Strong Low of Large Number o7z, x @
—#E—# ¥ b ( second moment ) x ‘HSEETIUL, ¢ =% —x L ATHEEMANERET
NERH NS,

x O (variance ) ik e? O LS icEh A, UTOEITERATERDOI NS,

+ oo
azzﬁzi f (x —x )% flxldx _ {5)
T, tixidxdpdf ThH b,
(BRI DLSTERBETE Lo

— 29 p—
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+ oo ’ -+ oo - oo
ol = j x 2f (X)dx — 2 x J xf (x)dx +x? J fixidx

o — o -0

X 1

# |

—, . ﬁ,
= x? —-2x? + xt

S p— (6)
HH0IT,
+ o + oo :
¢? = f x% f {x)dx — J. x f (x)dx (7]

f B EL ohhid, P RINATERICHETE 24, €2 THrhE HHD
S L (estimate )ik 7 v A X8 xi ONEOEL KD N5,
N
o = — ¥ (x —x)=8%( (8)
=1

S (x) i LiIF L v 7 vk (sample variance ) &5 5H#L A, NowoTx +x L ADT,

N
| —
62 = fim — ¥ (x; —-%x)°? (9)
N
N—oo 1 =1
%7, FSDiT,
Py
FSD =—— (103
X

DEHeELEINE,

FSD OB%E & %O C >0 T Table 1V iCmd . FHicLhid, FSD =01 ThHUZ 0
T ORBESEWEEZ ALY, FSD > 0575 LMaic 2 AT Th 5 L PR S
b, '

3. KEERARCHIIUECE »FZH/IAFEORER

JRR~ 4SO 24 3 v 77 =B TiT- o BREEMET A — 3 Y I RBEERDE Y
F o v IR RIS & B Lo 0T, (MR EOREASEET 3,

Fig. LicHBEEEPHF LY — 3 v 7EROFEE TVERT AIEEESEO R ER’RIN
BAROFEA FICEE, RIGRERDTO L, BLOELD LR A FOuLilE ToKEREE
i$121cmTH %, MORSE 2 — Fio k 251 H &% & OHE A Fig, 200R$H, THud>wkis)
AZBH L&D THD, Fig. 2 THEYFHANDFEDFSDARIANTELNDT, RHEE
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FARBETE B9, BOMCRTEEABLER L C05. TRERIEEECEL 2 ~4F 5D
WEEMICI - T Y, COEMEREAENCET AP O SN ARER LTV A,
WERi6)IC L AE, MORSEz — FOEtEE D128 LT7Y v+ &3 2 ZBEEEOR - OF L]
Mo~ LE, RNFEFig 10TV IROBFOKEETLPEL TEST, RilGPEINT
FA FEEEMAB DS R F v L 22 F— A TOHEREILoTH -7,
FEDEFEIAMORSE 2 FOAN v =a TMTHE o TANT—% 2F8 L, HiBHESHE
( point detector estimation) %#{E-~TiE LA $DTH%, MORSE 2 — FCIEHRE L —
F oGy —FrEa—HF—ZA—F v EHRL, 2 SREIGUELE, S50 EAET
LEms 70— F it LThOENT AL 3K - T 3035, ATETIIHAD EOEFAL
Tnd, Ioic, AEETIIRO, SHREESE TOEMPABLE120cmeb?, L sE Dl
T ER RO EN KBS 50T, PHTREZEOMEN 1I0HEERATNDL, TOR
B, gEkDv 7y v SEOHRRIEG TRRNBBRICE T AN EEERELHRT A LN
g TH D, BLFTHECAHORE VHEERCLESZCEATEEND.

4. KEEBRAERNOE VT AIILASGERETH ELCHE

4.1 'vFALnREEaTEE S RECRE

FIE TR L DI, B SRR E COMTHRRBEDS 10§ H 20 BTN LORRE D
HLEHUARERAERTOLHTH, TAVEF—H, H20E3HEHRAFERC LreR
HIT SR BICIHERD & v F AL O BT L BHETETH TR, BN 1 72, SHESRE
(exponential transform)iCk HMEMER, H S0 Weight Window D & 42 4 412,
BT OREERERIIF THAUTHLEE NI AT THVWRETIHE TE D EF L oMb,
Ui L, RBEOCCEEIES FAND, BFox by — v/ASGOMETE, TR ) -
USRS A E 4 SAEEE OBAE (H A, S reedRBERmE LAY FAD D E
EEBRTH A FOOREEENHELET HOT, LILOLIUHFELFTAIOLIER
P =3 Y TAGDRRCBLT, BEOROBERERLCEHNEETSH S,

o RO L D ICRERD T LT H VRN T TIRRERS, Lo bHRIGICR L DD
LWRTOR b U —3 v 250 KHEHRAZDORF REESAER RO LHELLTE
v h AT SHEEAIRRE L, £ 0BG K BEDKAE (propagation of
statistical error ) DM LB DY, 2rFrasvoNEaHEREIIEYFHVOE
A 2 BT E| (I NBI g ) LTET L, SBEOHREGKL TERMICRD LR
ABALHETS B HERESTE-HORBERHEE (pseudo detector ) & 5 0 IHIEEHE ( cou-
pling surface ) OfE, K& &, BREF@EUCHETIUL, 577 2R 5 > DRRPLE
DI s Th, 2REDHEFFTRTOA N — I VIERERC, LreRINICRHLTL
T & o Fig. 3ICMORSE 3 — F&{E o fo % ¥ 77 v o IR A EEOFIEE RS,

—fEic, Ey v vEBESRAZESE TR L X, Rna R 2 (BRI, BER, DE,
ERTH ) BROLICEDENS.
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6 _
ig .:ffpg (T, Q) 0 (7. 0)drdQ (11

(12)

LT,
g (r, Q) =gHOAETL—T /X
(FFE- cm™% sr! - BQOHRER-FED)
PE(T, 0) = gBOMEKE LASY KK
=gfiwd sk L5
(D) RcB T, I/Xd“i"/zii’ii&Pg (T, QOAmE ks e bosdad, D

WD X DI B,

ig z.ngﬁﬂ@g(ﬂd? (13)

T,
@g(?}:gﬁﬁ)lj’\il/#**7ﬂ/*lYX
(RiF8r « cm™ 2« BATERIER T80 )

XU Ao ERERRE C OBORTRFH TS Y DRTERRSNADT, RENICED
BEAE A ILEBORTRE (HFH ST OERT AUENS D, HEMTICHTERDE
S5 4T )& ThE, AT KRS XS EEDLE.

A(Fi) =So- 5 PE(Ti)oy (Fj) (14)
g
ErFaroNESTETR, (4) R LiclRE TR L 315,
_ .9 _
A1y ) :So[ ZIA]"]@gT}{g?@h(fﬂ)Ph(l’j)] (15)
g1
T,
10, =1BRHOsHTROoNA] FEOARICEI gD r AV E—T -3 /2

20 (1)) = 2BHOHED @B} 5h O ALF T T w2

! %1 — 1 BEOIECE S A OREmREED] HEOMEEE (cm®)

Ph(Ti) =T;CHd5hBOL 2y B (FAL, BERBERY, RHUEDTE, X
JEER )

A (1) ROMENBALAE T A0, L Afr2aBis L TRIBHImE Ry ERML,

-

Ry iCidFilmEmgsniniudntd5, cosd (1) RALUTOLICHEHRA 6ND.

(2

— 32 —
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4 (Fi) = So ALY, 6gjl:§2 ©n (Fi ) Rh (16)
g
LT,
1A = YAl
I

I
]@g:?]AI' 1@g,I/IA

Ry = h HORIGHEHE (G -barn ™ <R 187

(1) T, 1 BADHETEOhI 0 L 2BEOHETEONI 0y (T;)HER
BT, ABALSIE L FAUE, 4 (5 OAEIZRD LD IS5,

el ATi)) = So AL { @ (T{)Ry + o + @ (f_j)RH}ZX
2 1 2 H
. A A A A
(9"'(1@1)‘+’""""'+02 (1§DG)J+(]@[ B LR +1@G)ZX
I
[R? 0% (2@, (T} )) 4-wmee TRy 0 (4 0 (Ti)) 1) (17}

(1T)RFFSDOETROTEROLSICEINS,

_ 1 ~ A
F(Ari))= |——— % @ gF @ Ty
i (2¢)2g{1g(1 g)}
g! 8
1
1 2
S{Ryp @, (Fj)+F( & (Ti))} .
{z @h(Fi)Rh}zh 2 bl 2 h (18)
h2
7T,
A N
F(l@g) = 1@g#Ci"JL'9'-5FSD
Fla@p(ri)) = 0, 2 g 5FSD
(8) R T X SICHHIC LA,
i
F(A(T]) = [F? {1d)+ F? (z4(i))]1 7 (19)

1, BEO I LE—T—T v AT LEEEER (19 L0 Z0E 2HEEEL, K
KTHETE 5,

1
F{Ap (t;)) = (F2(;A)+F" (iFp (ri))37? (20)

2T,
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Al
TA - Z]Qg
g
2 4(Ej) = 2,0 ()R

Fi14) =1BREDL70—x v 2THd HFSD

Fl,A(T;)) =2BECriKBESLL AR VABEBAFCLEL ARy ATHT B FSD

() i 1 BETHEE 7 v—T YR, 2BEETERS L AR Y RACHTHFSDAEER SNES
CEATE S, Livl, Hif L Ay 2B @ENS 20EE, |REDTAv¥yF—-J—x
RO FDOEEPERHNCRY LB IOBESST 4, 05 &) BT STl
(18) RFRHET L LT A,

%V?ﬁWDﬁ@mmﬁﬁ%iifﬁgl&ﬂbﬂm*4qbffftt_%ﬁ & bl
FRY - I EREGITT S oA Uiz, OB Fig. 4iTRd &S CEd s
CE {DRHAD S B, Lo, 1 BEHOETESALNREERESGcETIS 7 v —x
v R ABERECTNE, 2BRAOHELNS TRAOKLZEBHELNDIOT, HEiTHEDE
R &S EhE 585 TH D,

Fig. 4590 255, 1BE: 2EEDT Yy 7 voilBOBan ( PIREERES ) 358
ODHL S 64cmDABET, QB 7 FOALD S 5emEFOIFNICRT . CORER
PIEDEZEH0em THN, I SICEFEAEC s, BoEMHERECAFL, FHRILC7 v vA
rk, 2BAOHECK T BRBRNEEELEY,

MHIZZENT (n,p )y Mginp )y, Af(n, @), Ininn'), Auln, 7), BLTU Aula, 1)
SCAdDME L ERHIBTH L, Fig. 53055 NI (n,p ) REFBCH>OTE v 7 Ao Elik
oHE TR E, EREEALE LD TH S, 58, Fig b OFIRECHTSHFSDEZ
BEOAEDFSDAERENATED, BECBEIZELAFSDE 1 BHO 27 v—x ¥ 20T
4 ZFSD. §74H5 5592 X 107 FSD=0108) D 0.108 #H, QCOOACL->THIAETS
LNER S Z

WINEA £ FiC$H B LineB, LineC LT, §7 rB5SEH T AFATE THEREL T
CEC—ELTEN, FSDLBELETEELTL016LUNTS 5, MMEEDIELS 2HH
A-Th, HHE LT 7729 —2RTERMB-HLTED, IFHETE535tRTH
Bo LinL, PSD O RMHEHEAEBEAEZE LS TH 052 @ALRMNAGH N, HaThiCi
(EaEi T KT o RIC I - TV B, FSDAB(LE SRR, WHTFTH2EECS 7 bdic AR
THICIEEDEEAEN LB & 2 WBoBihdfhEokd i d s s 1R, 45 90° OFEL
ETHA LTI RE O, FoMREEEPHTE1HECY 7 tthd b ahiciEd L, £
@L,Z%B@FﬁhMCAW?%WW%Q?&i?@wﬁﬁwiﬂfﬁéﬁﬁwﬁﬁb,%@

TR AEBOFITNMENAEL NS LD EHESENS, LW T, 2HBDS 7 bpT
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FSDAERE L& 5 &g, BB Tgswmnshas o clascud, Bl TrdEl
L, D& FARIGETT AR FEERBMCHINESE, LrbTEBIRNERA S (RT
D PIEAERA D ) KA BHERETRT BLEPBHD D,

Line A FCidfeiimo s 8LUFSDE ST Line B, Line CLAND SR, T
i, Line ARZEMES 7 tORBIOS 7 rhTHO, KPEBEINIEEGEARLTNLHDT,
BINESES RS BIESTHE~FEST IR TEAL L, pOoNTOEADEEFKEFOE
WHHEBEMNP G TE %.
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S ZeDBEFEEFONTVEDT, D-TRIETREY S 14 Me VitEFO 7 7 X =3 AIE~
DAY~ IHPEERICIS B, COFHEICE 7 I X<t HoSFOMESPE,PNLDT
BlEBEDOEE D TIETH ahE0hEH D, &40 REEEHMPRMOa v ) — bEF
BEHLBRODEHAMAB DT b, M7 FOBLEFEIED 0T, b S KPR
SN TR BT AP THEES S bMALESS S, 2018, Fig 6 WWRTLIIC, §7
FT s A flOATC 1 BB 2REQHEOREEARY, 77 XwAETHR S rh
DA E L UKEFROTEFREEFZTE L, C0F 7 MEREES5emT, EE25m
Davy ) — FERARECHE LT, S,

75 X AR OAMINC (1 — R BERR, BEE o1 VEE OBENSBSH LT LITELE,
ATFEOHZDRHTEE NS IV RULAHBEFEOBAMENET 5L LLH 50T, 518
=73 Fig. 6§ RkHL7 5 X~ BFAOBEY VBB L THEV,

| BHOREREER S 7 075 X< {AIOANNS 6 cmfF 1 (75 X<HFN ) ER 25
em ( F4 POEEScm®5E Y DM E Lize CORRTIREHEORE St~ RIREK
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ATk - THEHREORIFE M L T S,

Fig. 7 Ol TERBNHHOHEIIMAE S 7 b Odul s S & 30 om /KE5 i ic B 720
=, i FOBBEROELZ 1L/ 1000AKCREL, FHMIBEATEH T ORELL VS
fiERThcd b, ZOEIBEADHLODPETHREEAHTRET A A7 -4 T4

DIREE RS U, W@ Bray effect SFET AT EHE 0, Fig T FSDIdFETSAZE
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EEAEEBLTH LD, KEHFFOEN, T8h05R M~ YIMRERORRICELHES S ~
thul TR 006 TH BHS, AKEHMEIC 1bcmBin b s 02718, 50cmBENIAFETIO
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CRAFERICECETHETE 2PHETH .
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Table 1 Fractional standard deviation for Monte Carlo

calculations.

Fractional standard

deviation (f.s.d.) Descriptions

f.5.d.20.50  The Monte Carlo calculated result is meaningless for design.

0.50>f.s.d.20.20 These results have some significant but are not generally
regarded as good design data. Monte Carlo calculations
performed at the present time fall into this category.

f.s.d.g0.10 A good calculation.

f.s.d.n0.01 Usually too expensive to achieve if the problem is deep
h penetration and geometric compltexity., However, this value
is sometimes required for a benchmark problem or for
comparison of the Monte Carlo results with the experiment,
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First MORSE Calculation

® Start the random walk from the natural source.

® The initial statistical weight of each source par-
ticle is set as 1.0,

® Provide the pseudo-detector region in front of
the entrance of the slit or the duct.

® Calculate spatial distributions of angular, en-
ergy, and total fluence at the pseudo-detector,

Preparation of Boundary Source Conditions

® Establish the pdf's of the angular, energy, and
total fluence in the detector,

® Provide the subroutine SOURCE so as to be
able to use the pdf’'s as boundary source con-
ditions in the second MORSE calculation.

® Alsg provide the subroutine SDATA in order
to treat the boundary source conditions con-
sistently,

Second MORSE Calculation

® Start the sequence random walk with the
boundary source conditions from the SOURCE
subroutine,

® The initial statistical weight of each source par-
ticle is also set as 1.0,

* Multiply the total fluence, X, obtained from
the first MORSE calculation, by the output of
interest, A*, of the second MORSE calculation.

® Obtain the final result of interest, A, as
A=X At

Fig. 3 Calculation sequences of the Monte
Carlo coupling technique (MORSE-
to-MORSE coupling code system)

— 40i
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10'2" | | |
1 Nitn,p} Reaction Rofes
A Case-II in Flig. 4
0522 2 |
T x
T, o A
b o
072 i i ,
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2 A I
o A ﬁ
-24 d
10 |— —]
.
5
x ® n
IIO—25___ f ® ]
1072 — _
Measured MORSE-MORSE
Coupling A
@ Line-A (O in Water
A Line- B A in Air
1072 L — ° ]
|| Line-C O in Air
e N SN NN N N R
0 40, 80 120 160 200 240 280
Distance along the Duct Axis (cm}
Fig. 5 Comparison of the measured with the calculated

In (n, n') reaction rates using the Monte Carlo

coupling technique
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Fig. 6 Calculaticnal model of the D-T Experimental Device {R-Tokamak)
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O Pd

High Angle - Region Dependent Streaming

Fig. 3 A concept of high angle-rejion dependent
neutron streaming problem
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24 @ETTHLASITROFER

Malvin H. KALOS™

Malvin H, Kalos ##%id, & v F Aok U0RFMEOHEHETHD, HIFEL0
guest speaker & LT, MEEART A7 F v 4 — LB IILLOTH S,

HBEIBELOBE TITONAY, BERORELET FETHV S OHP OFREERL &
L, imEDOEHEN -7 ANSD topical meeting (1983 ) TOEFHCENMNGE L TETFTE
< A

1. EETHWSHIOHPORERE

TRANSPORT MONTE CARLO AND
COMPUTERS OF THE FUTURE

TRANSPORT MONTE CARLO RATHER MATURE
COMPUTER ARCHITECTURE EVOLVING RAPIDLY
VERY LARGE SCALE INTEGRATION (VLSI)
MEMORY 1S CHEAP ($ 1000/MEGABYTE; WAS $ 1,000,000
20 YEARS AGO; WILL BE $ 100 IN
3 YEARS})
LARGE SCALE LOGIG CHIPS

MICRCPROCESSORS
3 MIP, 112 MEGAFLOP 32 BIT SOCON

20 MIP, 10 MEGAFLOP 3-5 YEARS
CUSTOM CHIPS POSSIBLE
COMPUTER AIDED DESIGN TOOLS (CAD)
EVOLVING RAPIDLY

WE CAN NOW ASK: WHAT ARCHITECTURE IS BEST FOR TRANSPORT
MONTE CARLO ?

WE MUST FIRST ASK AND ANSWER:
WHY DC WE DO TRANSPORT MONTE CARLO ?
WHAT ARE THE GENERAL FEATURES OF THE ALGORITHMS OF
TRANSPORT MONTE CARLO 7

T New York Uni versity
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DISADVANTAGES OF TRANSPORT MONTE CARLO (TMC)

SEEMS SLOW

HAS STATISTICAL ERROR

SOMETIMES HARD TO COMPARE NEAR BY PROBLEMS
{PERTURBATICN THEORY IS HARD)

ADVANTAGES OF TMC
PERMITS FLEXIBLE AND ACCURATE TREATMENT

OF CROSS SECTIONS AND ALL OTHER PHYSICS
OF GEOMETRY OF MEDIA

OF DETECTOR GECMETRY AND PHYSICS

OF FLUCTUATION PHENOMENA

GIVES OBJECTIVE TREATMENT OF ERRCR

WE USE TMC TO GIVE GREATEST FLDELITY TO NATURE, TC EXPERIMENTS,
TO ENGINEERING
WE MUST PRESERVE AND ENHANCE THESE IN FUTURE METHODS AND
COMPUTERS.,

WHAT DO WE NEED ?
SPEED : ALL WE CAN GET AND USE !

MEMORY : ~ 107 words
~ 100,000 WORDS / NUCLIDE FOR INTERACTIONS

~ 100,000 WORDS FOR GECOMETRY
< 10,000,000 (107) WORDS FOR FLUXES AND ERRORS

FLEXIBILITY AND PORTABILITY
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ALGORITHMIC CHARACTER OF TMC
FREQUENT DATA DEPENDENT BRANCHES
(OFTEN INVOKING DIFFERENT MCDULES)
PROGRAM FLOW DEPENDS ON
CROSS SECTION AND OTHER INTERACTIONS
GEOMETRICAL DATA
OTHER PRCPERTIES OF MEDIA
RANDOM NUMBERS !
THERE ARE BRANCHING (BIRTH & DEATH) PROCESSES
FISSION
(n, 2n, (n, 3n) etc,
Splitting & Russian Roulette for Importance Sampling

MANY COMPUTER SCIENTISTS THINK OF ”NUMERICAL CALCULATIONS” IN
TERMS OF VECTOR, MATRIX OPERATIONS.

TMC ALGORITHMICALLY CLOSER TO SYMBOLIC PROCESSING !
IN MUCH OF TMC ORDER OF PROCESSING MAY NOT MATTER
(E.G. WHICH FISSION NEUTRON GOES FIRST 7}
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COMPUTERS OF THE FUTURE WILL USE PARALLE!L AND VECTOR ARCHITECTURES

FOR SPEED
SIMD = Single Instruction stream Multiple Data stream
= Arrays of "Lockstep Computers”
ILLIAC 1V
DAP

GOODYEAR MPP
or Vector Computers
CYBER 205-
CRAY
FUJITSU VP 100, VP 200
HITACHI
NEC

TRANSPORT MONTE CARLO CAN BE VECTORIZED
E. TROUBETZKOY, H. STEINBERG, M. KALOS
TRANS. Am. Nuc. Soc. 17 260 (1973)
F.B. BROWN, VECTORIZED MONTE CARLC
(DISSERTATION, U. Mich, 1981); PRCC. ANS TOPICAL
CONFERENCE, Salt Lake City March 1983
RESULTING CODE IS
"BRITTLE"” - NOT ROBUST
- DIFFICULT TO WRITE, CHECK., MODIFY
- DIFFICULT TO “PORT” TO OTHER MACHINES
MUST BE TOTALLY RESTRUCTED AT DEEPEST LEVEL

REJECTION TECHNIQUES CANNOT BE USED
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MIMD

"

Multiple Instruction stream Multiple Data stream

ARRAY OF INDEPENDENT PROCESSORS EACH CAN OPERATE ON
DIFFERENT PHASE OF BIG PROBLEM (OR ON DIFFERENT
PROBLEMS 1)

TRANSPORT MONTE CARLO CCDES CAN EASILY BE RESTRUCTURE AT HIGH
LEVEL FOR THIS KIND OF ARCHITECTURE.

ONE MAJOR ARCHITECTURAL CHOICE REMAINS :

DISTRIBUTED MEMORY -
EACH PROCESSOR HAS ATTACHED “LOCAL MEMORY"
COMMUNICATES WITH OTHER PROCESSORS BY SHORT MESSAGES
EASY TO BUILD
QUICK ACCESS TO LOCAL MEMORY

SHARED MEMORY
ALL PROCESSORS ACCESS GLOBAL MEMCRY
COMMUNICATION THRCUGH SHARED MEMORY
NEEDS SIGNIFICANT COMMUNICATION NETWCRK
LATENCY TIME FOR SHARED MEMORY ACCESS

SHARED MEMORY BEST FOR TMC :

DIFFICULY, INFLEXIBLE, OR SLOW TO
GET CROSS SECTION DATA
GEOMETRY DATA
UPDATE FLUXES

BY MESSAGES IN
"HIERARCHICAL MEMORY”

DIFFICULT, INFLEXIBLE, OR SLOW TO
SEND HISTORY TO WHERE DATA RESIDES
WOULD THEN BE HARD TO “BALANCE LLOAD”
(IF MOST HISTORIES USE MINORITY OF DATA)

CAN AN EFFECTIVE SHARED MEMORY MIMD ARCHITECTURE BE BUILT ?

IS NETWORK LATENCY SERIOUS ?
WHAT TECHNICAL PROBLEMS REMAIN FOR TMC ?

— 51 —
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MIMD SHARED MEMORY

Basic System Structure

DO0O0O0O0OO
[PN1] CACHE [—{PNT]

CONNECTION NETWORK

MMO 0o0o00O0O0O MMN-t

ULTRACOMPUTER DESIGN
PROCESSORS AUTONOMOUS - MIMD

CACHE SWITCH SWITCH

= e — e —— -

7
/
N\
\,
LY
/
s
N\
AY
=
=

CACHE | ~7 > 27 x| MNI

CACHE MNT

CACHE |7 ™ 2 N MNI

SWITCH SWITCH
PROCESSORS | NETWORK | MEMORIES

5
-
A
|
/0
I
t
S
N
rd
7
A Y
hY

:

INVENTIONS

“SMART" SWITCHES-LINEAR BAND WIDTH
“DEMOCRATIC" PROCESSOR ORGANIZATION

TASK QUEUES
DISTRIBUTED "FETCH-AND-ADD”
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LARGE SCALE PARALLEL COMPUTATION
J. SCHWARTZ J. Assn. Comp, Mach. Vol 13 #1 (Jan, 1968) pp 25-32
MIMD
Shared Memory
Uniform Address Space
Modular Hardware for reliability
Special Coordingtion Instructions
[replace-cdd a little later]

Public or Private variables

Technology not ready
1978- Airley House meeting on VLSI
Original Ultracomputer
Shuffle exchange network with processors and memory at nodes

NYU Ultracomputer :
Architecture

[ Array of processors

Omega network for communication with

< Array of memory module

Fetch and Add distributed through netwerk for efficient
operation

MIMD

Shared Memory

Easier to program
than distributed
machine

Uniform Address space
Modular Hardware
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Shuffle - Exchange Network

(N = 16)

0000 O—F'l — | —1 ?
1

g 5

4 4

1010 5 _ 5

6

P g %

E 8 8

9 9

? i

{2

rort 13 i3

14 1g

[E e I [ ] LI 1 1

Topologically Equivglent to an
o - network

The Problem

The percentage of executlon time spent In eritical (ond hence
necessarily serial) code sections increases as #PE increoses,
Thus short critical sections (eg updating a counter), although
acceptable today, may have a devostating effect on future
multiprocessors,

We observed this in radiation cascade,

1000}

. 1001
time

10

L |
1 {0 100 1000
#PE

==



JAERI - M 85—017
" FETCH - And - Add ”

A Universal Coordination Primitive

Y ¢« FAA(V.,e)
T Expression
Variable
Indivisibly sets

{ Y o v )
V — VYV +e
Two (or more) concurrent FAA to same V must go as If In

some serial order

Inittally Vv = 0 and separate processors initiate :

Y1 < FAA(V,1) Y1 =0 Y1
elther or
Y ‘ Y2

Y2 <« FAA(V,2) 2 =1
Efficient hardware in network switches permits execution of

] ]
o N
——

BUT V =73 FINALLY !

many concurrent FAA's in time required for Just one.

USED FOR PARALLEL QUEUING & DEGUEUING

Combin{ing Two Fetch-And Adds at a Switch

i Switch

Uy, Memor
@@j [via)
>_1_| FAA (V,3) via]

— b5 —
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Concurrently Accesslible Queues

T0 insert item

QIF¢A(Rear, 11 - Item Qrol ] N=8
TO remove 1tem 8%12}
It QIF¢ACF s, 1] -+
em ¢A(Front 0[3]_
Circular Array 0[4]_
Perform addition mad N QI51 |
Qrel i
Q[?]i

To detect full and empty
Keep counters representing lower and upper bounds on number

of {tems in queue,

Providing that the aueue Is nefther empty nor full, arbitrary
numbers of inserts ond arbitrary numbers of deletes can proceed
simultaneously and will all complete in the time required for

just one such operation,

COMPUTATION OF EFFICIENCY

C(N) = total operations / processor when N are used
C{1) = total operations when 1 processor.
Optimal

Copr(N) = CCLI/N

Efficiency for actual code using N

_Ceh/n ol
CN) NC{N)

Loss of Efficiency comes from “load imbalance” on processors
and from overhead of process creation

If Gl << N, TN >> 1
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AT NYU WE NOW HAVE 8-PE (68010} PROTOTYPE
+ UNIX-BASED MULTIPROCESSOR OPERATING SYSTEM

ZHONG & KALOS (UCN 46) STUDIED CONVERSION & EFFICIENCY WITH A
SIMULATOR WHICH MADE A CDC 6600 ACT LIKE AN MIND MACHINE
FETCH-AND-ADD EFFECTTVE FOR "SCORING” CONVERSION WAS EASY
PARALLEL COMPUTING WAS EFFICIENT FOR LARGE PROBLEMS,

CAN LOSE EFFICIENCY IF SYNCHRONIZATION NECESSARY
AFTER GENERATIONS (EIGENVALUE) AND/OR "STATISTICAL
BATCHES",
AND IF “STRAGGLING” SERIOUS (HIGH VARIANCE OF HISTORY
TIME}
[CAN SOLVE THESE PROBLEMSI]
MUST RECONSIDER RANDOM NUMBER GENERATION
—> MOST HAVE REPRODUCIBLE RESULTS «—
MANY " INDEPENDENT” RN SEQUENCES
EACH HISTCRY “SEEDS” ITS SUCCESSORS AND “CHILDREN”
NEED VERY LONG PERIODS TO PREVENT SEQUENCE OVERLAP

CACHE EFFECTIVENESS MUST BE ASSESSED
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ez 1. HEORRE L L -m L

THE NYU. ULTRACOMPUTER*

M. H. Kalos
Courant Institute of Mathematical Sciences
New York University
New York, NY 10012

ULTRACOMPUTER NOTE 48

April 1983

The architecture of the NYU Ultracomputer is outlined. This is a
proposed '"MIMD" parallel machine comprising thousands of independently
programmable fast processing elements connected to a large shared
memory by a switching network. The latter has the geometry of an
Omega-network, with switches each having encugh memory and processing
power to yield a bandwidth proportional to the number of processors.
The network, which is pipelined, also supports the parallel execution
of the ''fetch-and-add" primitive important for process coordination.
Questions relating to operating systems, prograumability, and
efficiency of applications codes are also discussed.

/*/Invited paper for the 1983 Mathematics and Computation Topical
Meeting of the American Nuclear Society. Supported by the Applied
Mathematical Sciences Program of the Department of Energy under grant
DE-AC02-76ER03077, and by the National Science Foundatiom under grant
NSF-MC79-07804.
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JINTRODUCTION

In attempting to foresee the future it is always interesting and
sometimes even instructive to review the past. The evolution of modern
camputers can be traced along two parallel (and interacting) paths.
One is the development of basic technolegy -~ from mechanical relays to
VLSI chips - so as to become cheaper, smaller, and faster, The other
is the 1logical organization of computers into increasingly
sophisticated arrangements emphasizing more parallel capability. This
development has ranged from parallel addition of all bits of a word,
through parallel and autonomous functional units, to the effectively
parallel operation of a contemporary pipelined vector processor.

One forsees, therefore, the development of parallelism at an ever
higher level. But it is not clear which kind of parallelism offers the
most promise, There might be four kinds. The first would use many
functional units arranged so that the machine as a whole looks to the
user like a sequential computer. This would be a very complex logical
design and it is not clear that it could be pushed beyond about 200
million instructions per second (mips). A second approach would make
vector units ever more powerful and would include autoncmous functional
units (as in the CRAY) for different operations. The third direction
would couple together several (perhaps as many as 16) sophisticated
vector processors. The fourth possible line of development lies in the
use of very many simple processors tightly coupled so as to cooperate
effectively on major computations. The NYU Ultracomputer is of this
last type and its conception is predicated upon the ideas that it would
be favored by the technical and economic evoluticn of computers in the
near future and that it would potentially be the most easily used, at
least with computer languages and compilers available now and in the
foreseeable future.

NEAR TERM TECHNOLOGY

We assume the following three developments in basic computer
technology between now and 1998: Microcomputers will become more
powerful, faster, and probably cheaper as well; thus we assume the
existence of 32 bit microprocessors on one or a very few chips, capable
of 18-2@ mips and costing less than $188., We assume further that
megabit memory chips will be readily available at about $18 each, that
is at less than $16@ per megabyte. Finally we assume that VLSI design
of special purpose chips will be readily carried ocut and that these too
will be cheap (perhaps $1@ each) when manufactured in quantity. On the
other hand, logical designs involving many different VLSI chips with
complex interconnections will remain expensive to design and construct.
In other words, the cost/performance ratio will be minimized by using
large numbers of each of very few chip types organized in as systematic
and homogenous a design as possible.

Given this view, the question arises of how the organization of
processors and memory is to be accomplished, One solution is to
distribute the processors on same kind of network and to associate a
portion of memory directly with each processor. This has engineering



JAERL M BE-—-017

advantages and can be used very effectively when it can be ensured that
the large majority of data treated by each processor is in fact in its
associated memory unit. The rest of memory is then seen fram each
processor in a hierarchical way. The required data structure is
difficult to guarantee in general, so that an architecture in which all
memory is shared equally well {(or badly) by all processors is likely to
to be more easily programmed. Whether a truly effective version of
this shared memory architecture can be built is an open questicn. It
is clear that the ideal version, in which each processor can access any
memory location in one processor clock cycle, cannot be constructed
because of limitations of local connectivity (i.e., of "fan in"}).
Schwartzl has given the name Paracomputer to this idealized
architecture.

We contend that the current design of the NYU Ultracomputer is a
feasible and effective approximation to a Paracomputer.

OVERVIEW

A simple idea of the organization is obtained by considering an
array of individual processors (our naminal design calls for 4#96), an
equal number of memory units (containing, say, a megabyte each), and an
intermediate switching network which permits any processor to reach any
memory module. We propose to use an Omega network,2 which is described
below. Each processor will be capable of following its own instruction
stream using distinct data. Such machines are often called "Multiple
Instruction Stream— Multiple Data Stream (MIMD)".

Three compcnents of secondary importance are also included: a
memory-network interface (MNI), a local cache memory at each processor,
and a processor-network interface (PNI). Besides the usual functions
of reformatting information from or to the form required by the

network, the MNI and PNI have certain novel features described below.
The cache holds data local to the process which is active in the

processor to which it is attached. BAs such it plays two roles:
information can be accessed from the cache without the latency time of
the network, and at the same time, the load on the network is
decreased. It is worth emphasizing here that our design for the
network results in a latency time under light loads of about 8
instruction times., This is moderately large, so that the use of a
cache is worthwhile, but not so large as to preclude the effective use
of shared data in the array of memory modules.

THE PROCESSORS; THE FETCH AND ADD INSTRUCTION

We assume each processeor to be a standard microprocessor (of the
future) with at least 32 bit arithmetic including fast floating-point
operations. A novel instruction called "Fetch and A3d" is also
assumed. The effect of this instruction is as follows: the processor

— 60 —
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computes an increment e and an address a in shared memory. The
operation
FAA(a,e)

returns the previous contents of a to the processor, and replaces the
contents of a by its previous value increased by e. That is,

[a) <~ [a] + e.

The operation of the Ultracomputer as a whole is supposed toc be such
that if two processors simultaneously issue an FAA for the same address
a, then the outcome is as if they occured in same serial order, That
iS, if processor 1 calls for FAA(a,el) and processor 2 for FAA(a’ez)
and [a] was originally A, then either

Processor 1 receives A and Processor 2 receives A + ey
as though €; had arrived first.

or

Processor 1 receives A + €5 and Processor 2 receives A
as though e, had arrived first.

In either case, [a] becomes A + e) + e; at the end. The case of three
or meore simultanecus FAA instructions directed at the same location
works in an analogous way.

In fact the complete implementation of FAA will involve operations
distributed among the PNIs, network switches, and MNIs., We remark here
that were it possible to design a processor exclusively for use in an
Ultracamputer, its instruction repertoire would include the FAA,*

Additional features of microprocessors that would enhance their
suitability include the ability to issue a fetch from memory and
continue executing instructions until the requested datum is actually
needed. Local multiprogramming capability would be useful as an
additional means of hiding network latency time.

THE NETWORK

The Cmega network connecting 2d inputs with 2d outputs requires d
stages of 2x2 switches, It has three properties that make it suitable
for our purposes. Switching is very simple; at each stage a different
bit of the memory module address is used to select which of the two
possible output directions is to be taken, A second property is that
its topology is a superposition of binary trees; each processor is the
root of a tree whose 2d leaves are the memory modules and each memory
module is the root of a tree whose 2d leaves are the processors,

/*/This 1is not absolutely essential; in our prototypes we plan to
encode a FAA as a cambination of existing instructions flagged by an
otherwise unused address. This will be decoded by the PNI.
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Finally, there is a unique path between a given processor and any
memory module so that information directed simultaneously at a specific
address by two processors must intersect at a switch.

In attempting to build very large processor ensembles, it is
essential that the maximum total throughput of the network (i.e., its
"bandwidth") be proportional to the number of processors. To ensure
this asymptotically, as the number of stages grows, two properties of
the network are implied. One is that the network must be packet
switched. That means that requests for data from memory are inserted
into the network by the PNI as short messages which travel from switch
to switch. 1In effect such messages are pipelined to memory and back.*

Since conflicts will occur, the second requirement on the network
is that messages that cannot be transmitted because of conflicts be
either combined with other messages, or stored at a switch for later
transmission. That is, the switches must have some memory and same
elementary processing power.

THE NETWORK SWITCHES

To support the requirement of large bandwidth, we have designed
the network switches to be able to recognize messages aimed at the same
address, If both are fetches, then only one fetch is transmitted
toward memory but the identity of both processors is saved. When the
fetched information returns to the switch in questien, it is
transmitted toward both processors. Conflicting stores are treated by
suppressing one of them,

The treatment required for concurrent FAA instructions targeted at
the same address is interesting. Suppose a switch receives FAA(a,el)
and FAA(a,e;) simultaneously. It will be programmed to save ey, and
transmit a new message, namely FAA(a,e; + ep)., When the response
returns with the previous contents of &, it is transmitted back toward
one processor and [a] + e; is transmitted toward the other.

Precisely because a binary tree exists between all processors and
any memory module, when any number of FAA are issued simultanecusly for
the same a, they can combine in pairs at successive stages of the
network while converging toward a, and split into different results on
the way back. Thus any number of FRA's for the same address may be
carried out in the same time as a single one. As we shall see, this
property will be important for the coordination of very many closely
coupled processes.

/*/The alternative, (a “circuit switched" network) in which a path is
cleared from processor to memory and kept open while information flows
both ways, will suffer from an increasing probability of interference
as the network increases in size.

i62 —
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As indicated above, when messages arrive at a switch for different
addresses, one is transmitted, one saved for later. The required
memory is designed as a shifting array on a chip (i.e., as a "systolic”
queue) in such a way that identical addresses can be identified
associatively.

THE MEMORY NETWORK INTERFACE

The MNI carries out the final addition associated with an
FAA(a,e). That is, the MNI retrieves [a] and transmits it back toward
the requesting processor, adds e, and stores the sum in a.

A LITTLE ABOUT SOFTWARE
OVERVIEW

It is impossible to include more than a sketch of the aims and
accomplishments of the software research for Ultracomputer systems.

From the beginning of our research, attention has been paid to the
question of how friendly the machine would prove for the ordinary
scientific programmer. It is considered important that radically new
lanquages, programming style, or user interfaces be unnecessary, and
that it prove possible to transport existing major software without
complete revision.,

A property of an operating system which is considered highly
desirable for machines of this class is the ability to handle
simultanecusly jobs of all sizes for many users. This would provide
rapid tumaround for small Jjobs 850 necessary during program
development. In addition, as we shall see below, a full complement of
processors can only be used efficiently on very large problems.
Economic use of such a machine requires that a subset of the available
processors be readily available for work on a small or medium scale.

SIMULATORS, LANGUAGES, AND PROGRAMMING STYLE

A verg early development in our research was a simulator called
"WASHCLOTH"3 in which a C(DC 6680 was programmed to act like a
paracomputer with 660@'s as the individual processors. This was
accomplished by interpreting each instruction serially, with pointers
to the private memory for each processor. In this way, existing
FORTRAN compilers could be used without medification. Fetch and Add
was implemented as a subroutine call. Shared memory was assumed to be
confined to unlabeled COMMON.

Naturally one expects that FORIRAN will have to be extended to
provide the flexibility needed for an Ultracomputer. As indicated, a
distinction between private and shared memory is needed, Probably
still more general schemes for sharing variables with subprocesses will
be used as well. In addition, commands to create parallel
subprocesses, to wait for their completion, to carry out iterations
entirely in parallel, and so on will have to be specified and included
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in coampilers. A general compiler would also include direct access to
the Fetch and Add, permitting a programmer to coordinate processes more
tightly than would be possible at a higher level.

It is likely that a more advanced language will emerge which will
prove more natural and more expressive for controlling parallel
asynchronous processes, It is my belief that this will be the product
of an extended period of experiment and experience with scientific
programming using lower level languages.

ELEMENTS OQF AN CPERATING SYSTEM

The requirement for an operating system in which jobs can spawn
cooperating tasks and for one which can support multiprogramming are
not very different, at least at a basic level. For a machine like the
Ultracomputer in which many thousands of tasks may be active or
awaiting the attention of a processor, it will be very important that
there be no centralized monitor or operating system kernel residing in
a single processor, because there would be serious contention for that
processor. The result would be a bottleneck at the point of creating
new tasks or assigning them to idle processors. OQur approach to this
problem has been to assume that each processor would carry out the
functions of the operating system when required. That is, when idle, a
processor would access a global queue of tasks awaiting attention.
Similarly any processor called upon to spawn subtasks or create
entirely new jobs would make enter appropriate items in the same global
queue. On the face of 1it, this only moves the difficulty of
bottlenecks elsewhere, since the standard way of entering and deleting
from queues requires that access to them be blocked (i.e., by a
"critical section™) to prevent more than one processor fram either
making a queue entry in the same slot or withdrawing the same
information erroneously.

The properties of the Fetch and Add make it ideal for modifying
queue pointers; that is, if FAA(p,l) is used by two processors to
increment a queue pointer stored in p, then it is guaranteed that they
will obtain different walues as required for correct operation. The
properties of both network and switches guarantee that concurrent
medifications of gqueue pointers take place without delay.

The Fetch and Add can be used to implement all necessary
coordination primitives for an operating system, including semaphores,
handling of readers-writers, and so forth.

STUDY OF APPLICATIONS UNDER SIMULATION
CVERVIEW

We have carried out studies in which a number of programs written
in FORTRAN were executed under control of an interpreter which made a
serial computer act like a parallel camputer. The simulator
accumulated statistics from which one could infer the effectiveness of
a particular program organization and related data. In particular, the
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total number of instructions, both useful and idle, was counted. The
number of references to private and thus cacheable variables relative
to references to shared data was also scored to help estimate the
traffic on the network. the traffic on the network,

If one considers only the narrow (but very important) issue of the
efficiency of processor utilization, then only the total number of
operations matters. From now on we shall assume that N processors are
dedicated to a given problem so that if any of them must wait for the
completion of work by other processors, it can only idle. Since, in
principle, such processors could in fact carry out useful work for
other jobs, we will get a conservative estimate of efficiency.

If the program in question could be divided among the N processors
so that each carried out exactly 1/N of the work, the job would be
completed N times as fast as on a single processor. Normally this is
not possible; same overhead associated with process creation, with
synchronization, and with idling will occur. Let C{N} be the average
number of instructions per processor when N are used. The efficiency
is the ratio of the instructions per processor for the ideal parallel
algorithm, C(1)/N, to C(N). That is,

C(1)

E=
NC (N}

It is not surprising that if C(1l) << N, it is impossible to find
an efficient parallel decomposition, since at least N - C(1l) processors
will have nothing to do, to say nothing of the organizational overhead
required, In other words, a problem must be large encugh to begin with
to warrant the use of N processors. There is, of course, no lack of
such problems, but it is clearly important to understand this point in
extrapolating the use of very large parallel machines for problems of
the size which can generally be solved today.

We have simulated the use of large parallel arrays in a variety of
fields from transport Monte Carlo to incampressible fluid flow to
matrix transformation algorithms. Our studies have required both
writing new programs and adapting existing codes, some of the latter
poorly written and documented. In every case, the difference from
writing FORTRAN on a sequential machine required fairly simple, usually
high-level reorganization which differed from program to program and
which had to be recognized in advance by the programmer. In every
case, a parallel program was created which was efficient for computing
on a sufficiently large scale, Thus, while 256 processors cannot be
used very effectively to transform a 32x32 matrix to tridiagonal form,
the efficiency being only 25%, they can be used with 96% efficiency for
a 256x256 matrix. In the same way large problems of three-dimensional
fluid flow were found to be efficiently handled by 4896 processors.
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TRANSPORT MCNTE CARLO

Monte Carlo codes of the type used in reactor and shielding
calculations would seem very well suited to treatment by any parallel
machine of the type we have been discussing. After all, what could be
needed except the ability to follow independently and asynchronously
many histories in parallel? A little reflection shows that not all
possible MIMD architectures will be well suited to large Monte Carlo
calculations. 1In particular, if we assume that it is important to
treat large cross sections sets, large geametrical descriptions, and to
obtain a large set of fluxes and their errors, then the limitations of
hierarchical memories become obvious.

The advantages of the Ultracomputer organization are several. If,
as we plan, it will be possible to flag cross section and geametrical
data as cacheable without restriction (i.e., as "read only"), then most
of the references to shared data can be effectively treated.

Updating particle tallies in a large number of different spatial,
energy, time, and direction bins by different processors presents a
serious problem in same machines. This difficulty is well resolved by
the Fetch and Add instruction. The camputation of statistical error
remains as a problem at least when the number of bins is large.* If one
settles for errors camputed from large numbers of histories taken
together as a statistical batch, then the problem is easily solved by
waiting for all histories in a batch to camplete before proceeding.
The main departure from an efficiency of 108% then comes from the
straggling in the time for completion of each batch. The effect of
straggling is much reduced by assigning new histories to processors as
they become idle,** and can be made very small by using two or more
replications of the memory space reserved for recording the tallies.

These issues and others have been considered by Zhong and Kalos4
for fixed source and eigenvalue calculations. They used simulations,
algorithmic analysis of the simulations, and analytic treatment of
approximate stochastic models of the efficiency. Their conclusion is
that for large problems of this class, the efficiency becomes greater
than 90%. '

/*/i.e., so large that all bins for all statistical groups can not be
kept in memory.

/**/Rather than preassigning a fixed fraction of histories to a
processor.
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CONCLUSTONS

At the present time we see no reason why a machine like the
Ultracomputer could not be built economically and used effectively by’
scientific programmers. For the very large problems not being attacked
now for lack of computing resources, efficiencies of close to 180%
should be attainable, It is interesting to note that on vector
machines goed utilization of the peak computing rate is about 15%.

What remains uncertain now is whether and how fast one can proceed
with more stringent examination of the practicability of such a
machine, It seems clear that a fairly large model or prototype needs
to be built.

1. J. 7T. Schwartz, "Ultracamputers,™ ACM TOPLAS, (1988) p. 484,

2. A, Gottlieb and J.T. Schwartz, "Networks and Algorithms for
Very Large Scale Parallel Camputations,” Conputer, January
1982. o

3. Allan Gottlieb, "WASHCLOTH -~ The Logical Successor to
Soapsuds, " Ultracomputer Note 12, Courant Institute, NYU,
1984.

4. Y-Q zhong and M. H. Kalos, "Monte Carlo Transport Calculations
on an Ultracamputer," Ultracomputer Note 46, Courant
Institute, NYU, 1982.
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Application of a Three-Dimensional Sy
Code to Shielding Calculation
+
Hitoshi YOKOBORI+ and Tatsuo NISHIMURA

Three-dimensional Sy code, ENSEMBLE in (X, Y, 7Z) geometry and
ENSEMBLE-RTZ in (R, 6, Z) geometry have been employed in shielding
designs and shielding analyses. A recently-developed code, ENSEMBLE-
XYZ, is capable of eigenvalue problem in (X, Y, Z) geometry.

This paper summarizes recent application of the codes to practical
problems as follows.

A benchmark experiment for a neutron streaming through two-bend
ducts has been analysed by using a calculation technique to couple
two-dimensional Sy calculations and a three-dimensional Sy calculation.
The corner part of the bend duct has been analysed by ENSEMBLE and
the straight parts of the bend ducts have been calculated by a two-
dimensional Sy code, DOT-3.5.

ENSEMBLE-RTZ has been used to shielding analyses for JOYO to
demonstrate the effectiveness of a three-dimensional Sy code.

A two-dimensional Sy code, TWOTRAN-II, has been employed to
compare the eigenvalues and flux distributions with ENSEMBLE-XYZ for
two—dimensional geometry problems providing a partial verification
of the code. By these comparisons, the validity of the eigenvalue
calculation capability in ENSEMBLE-XYZ has been partially established.

The above mentioned results reveal that a three-dimensional Sy
code has a possibility to be used widely for various reactor physics

problems.

TZEETHITEM, Mitsubishi Atomic Power Industries, Inc.
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%1k List of Detectors

Detectors Form * Counting Standardization

. 0.2 g/cm?

k% .

Au (%) disk; 1.7 om B ¥

. . 0.5 cm
S disk; up to 5 cm B 4 -8

... 1+ 2 mm
Al disk; 5 cm Y Y

. . 0.5 mm
In disk; up to 5 cm Y Y

. . .1 cm . .
Al/Dy (10%) disk; 1 em B comparison with Au
Chambers 2.9
FC 4-20th cylind.; L e - -
0.63 cm
Century
Y dose Dosimeter pen - Co®?

% For disks:

For cylinder;

first aumber thick
second number diam

first number lengt

ness
ecer

h

second number diameter

(**) Correction factor used for flux depression:
- thermal 0.9
- epithermal 0.22
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% 2% Structure of Energy Group

Energy Upper Energy Range of Fine
Group (ev) Energy Group
1 1.4918 x 107 1~ 11
2 4.9659 x 10° 12 v 22
3 1.6530 x 10° 23 v 35
4 4.5049 x 10° 36 ~ 49
5 1.1109 x 10° 50 v 62
6 4.3074 x 10° 63 N 74
7 2.1445 x 10° 75 v 86
8 1.0677 x 10° 87 ~ 99

9 4.1399 x 107" 100
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F 43 Enermgv Group Structure for ENSEMBLE—-RTZ Calculation

ENSEMBLE-RTZ| Corresvonding Group Upper Energy Lethargy
and DOT(R.8) | Structure for _
Calculations DOT(R.Z)Caleulation (ev) Width
1 1. 4918 +7 1.0
2 5. 488146 0.3
' 3 3.3287+56 0.5
1 2.0180+6 0.3
3 1. 2216+8 0.5
& ToA2TE+S 0.3
2 7 4. 3049+3 0.3
8 2.7324+43 0.3
S 1. 6573+3 0.9
3 10 6. 7378+ 4 1.0
11 ! 2.4788+4 1.0
) 12 ! 9. 1188+3 1.0
3 13 3. 3346+3 1.0
14 1. 2311+3 1. 0
6 15 4. 3400+2 1.0
16 1.67TN2+2 1. 25
17 4. 7831+1 1. 25
18 1. 3710+1 1. 25
! 19 3.9279+90 1. 25
20 1. 1234+0 1.0
8 21 4.1399~1 thermal
BmHR

Comparisons between Calculated and

Measured Thermal Neutron Fluxes in Channel C

Distance from the Measured Values Calculated Values

Core Midplane (cm) (n'cmwz'sec-l-Watttl) (n-cm_2°sec_1-Watt_l) C/E
0 B.47 2.09 x 10! 2.47
50 7.11 1.76 x 10° 2.48
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el Po, Thrge—Group Cross Sections Employed for
ENSEMBLE-XYZ and TWOTRAN-II Calculation

GroU?r 1 GROU? 2 GROU?P 3
Tz 4L, 1C097E-04 8.84L53F-04 4.767C7E-03
VL E 7.69486z-04 8.953347E-04 5.531682-03
It 2.02006C-02 3.217065-02 4 LO06TE-D2
Lez 1.90325=z-02 3.11150E-072 3.92396E-02
Lz=i=z 0.0 7.5763QE-02 1.7108%-04
Zg-2-z 0.0 0.0 1.56063553E-12
Matsrial 2

GROU?2 1 GROT?P 2 GROUP 3
Ta 2.29730E-04 6.268%7E-04 1.82087E-02
Vif 1.40813E-04 2.25733E+-05 1,29243E-04
it 2.20717z-02 3,46375E-02 L,22248E-02
fg~g 2.10030E-02 3.38303E-02 4, 04039E-02
Lg-l-g 0.0 8.38931E-04 1.80234E-04
fg-2+-g 0.0 0.0 1.46191E-12
Matarial 3

GROUP 1 GROUP 2 GROUP 3
Ta 3.40588E-05 1.71207E-04 4.31598E-04
yr s 0.0 0.0 0.0
Tt 1.8989CE-02 3.2330Q95-02 7.34C86E-02
Ig~eo 1.83513e-02 3.18316E~02 7.29770E-02
Ig-iwz 0.0 §.03638E-04 3.28185E-04
fg-2-g 0.0 0.0 0.0
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) Eigenvalues Obtained from ENSEMBLE-XYZ
and TWOLRAN-II Calculation

Convergence Criterion: 1 x 10 3

LEigenvalue
Code
Cross Sections: Table 1 Table 1 x 10
TWOTRAN-TL 0.34155 1.26018
ENSEMBLE-XYZ 0.34155 1.26021
(X~Y)
ENSEMBLE-XYZ 0.34154 1.26021
(Y-4)
0.34154 1.26021

ENSEMBLE-XYZ
{Z-X)

> X

i=cosd , 9=C05S,7=C050

BIF AE QDS RRE
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SCALE 1: 20

3 Horizontal Section of ETNA Tank
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Axial Distance

(cm)
%/yumber of Mesh Interval

200.0 7-1 | 1
197.75 + . |
t
3 ]
186.35 +
1
182.0 + #/,,/’Boundary for Interior Boundary Flux Qutput
2=172.0cm 7 (Water)
I R=13.175¢cm
146.0 -+
| 3
6 (Wat
(Duct) (Water)
17
78.0 -+
5 (Water)
18
6.0 -+
2 2 (al)
2.0 -+
2 1 (Uranium) 4 (Air)
0.0 L
Number”’”’?a’ 4 { l} g ;l ; 17 . 1 % 1{
of Mesh o - &~ o O =R
Interval o MR -7 o F°
o w WO o S O
(¥, ] (%]

Radial Distance (cm)

FAK Calculation Medel for Step 1 Calculation



2 Dimensional Calculation
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re— 3 Dimensiocnal -
Calculation

f——— 67 ™

e 15-r—23.35
cm cm

Connecting -

Surface 1

Connecting

Al Tank

% 5K

Step 2 3 Dimensional Calcylation

Surface 2

2 Dimensional Calculation

Step 1

67cm ————————=

128cm

AANEINEANHRNRNRNNEN

U Converter

Geometry for Calculational Flow
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Vacuum (left)

Exterior Boundary Source
{bottom}

Y
Vacuum
29.35 (right)
Warex:
Duct
12.72
A
0.0 67.0
52.35
26.92

Reflecrive
(back)

% 6] Three-Dimensional Calculation Model

2, direction distance
(o) '
.00
% .00

40.9d -

§5.00

§0.00~

4% -0 -~

40.00 -

30.00

1% .00 -

1500

o
2

o.h9  E.D0  Lo.6o 18,00 20,00 25.0C  30.00 I5.00 40.0f 45.00 0.0 §5.00 00.00 G5.00 !

57.70 (on)

% 7B 7th Group Neutron Flux Contour at Corner of the Duct
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Direction of
Transfer Roror
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. ~
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GL-T200
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M-3 manhole
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54102 |
© TLD-600 Reaction Rates
Measured Values below Cd
gg&xgter Cut-off Energy
102 Measured Values above Cd
— 77 Cut~off Energy
5x10' |
GL‘\@\ Channel C
g {TLD-600)
10 2 o N
Chahnel‘ec\ / \
4
4 5x10
[10]
=
~
o
..._\\
10° -
5x107 1
-1
10 - Y Pedestal
///////////////////,7/////// /L s PG
. ° ° o
-2 0 Graphite i o \Bottom of R/R
5x10 "‘5":-‘. Top of Shield ; ag (. V" al® ..
S S/A A 't:z °°° o ¢ g @
f_", :m /' a o © s @ ] 0‘
) 8 & . / o °a ° @ @ e
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SNIRIC KB TIRoLEHIAETE 0 — FTRITACABRE L, 202 — FEFCHALITEDERRE
AR C CEARANE LTHEY, BRCH T -» TRECIERC DO TR AT - 7o. IN#k
FLT, BEREEEEDTOAEHAREEZ ZRTXYZ BRICIER L2 DT >0 THR L
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BiZ 72— FAFCA X3 OBHCEA Ui, ZOME, HEEtRe—iouis L EmA
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Development of "TRITAC" -—— A Three-Dimensional Neutron
Transport Code Based on Sp Method

- T +
Toshihisa YAMAMOT(O , Masaru BANDO T and Toshikazu TAKEDA++

A three-Dimensional transport code "TRITAC" for reactor core
eigenvalue problems which is based on the discrete ordinate method has
been developed.

Efforts were specially made upon acceleration techniques and the
diffusion synthetic acceleration method was applied to the code.
Derivation of spatially differenced diffusion synthetic equations 1is
summarized in this paper, and numerical results for a three-dimensional
test problem are shown.

Experimental results of FCA-X3 have been analyzed by the TRITAC

239

code, and a good agreement was obtained for the Pu fission rate

distribution.

1. FLHIC
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U, D, pspan s f1, ERLIATHZTEED S, SRTSNHEOERUNEE > T 5,

+ B - IREIBEREER, Power Reactor and Nuclear Fuel Dewlopment Corporation
++ KIRAS T, Faculty of Engimeering, Osaka University
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Tagte 1 CoMPaRISON OF NEUTRON BALANCE IN TwO-DIMENSIONAL
CaLcuLation
GRoup  ARSORPTION et LEAkAGE

Ricut Front BotToM

1 6,932 -2 4,989 -3 4,989 -3
6.932 -2** 4,930 -3 4,989 -3 -2.623 -6

2 2,050 -1 2,014 -3 2.014 -3
2,050 -1 2,014 -3 2,013 -3 -1.073 -6

3 6,829 -1 1.359 -2 1.359 -2
£.829 -1 1.360 -2 1.359 -2 -2,384 -6

TotraL 9,572 -1 2,060 -2 2.060 -2
8,572 -1 2,060 -2 2.059 -2 -6.080 -6

* THOTRAN {(XY)
** TRITAC (YD)

TaBLe 7 CoMPARISON OF STORAGE AND CALCULATION TiME REQUIRED iIN TEST CALCULATIONS

E 1GENVALUE STORAGE Catcuratron Tixe®
s 3 ToTAL Average™  TotaL AvERAGE""
X-Y 10x10 THOTRAN 1.06456 9,218 2,68 158EC y,QMSEC
X-Y-Z 10xI0x1 TRITAC 1.06457 2.8 31 82 11.4
st 15
R-Z  8xb THOTRAN 1.09006 6.8 3.0 6.7 2.9
X-Y-7 8x8x6 TRITAC 1.08009 330 0.9 28 2.4

* CPU Time on ACOS-1000,

** YALUES PER NUMBER OF ANGULAR FLUXES.

Jable 3 Compariscn of Accelerotion Effect in 3D X-Y-Z Geometry

( Convergence Criterion Ad/¢ < 10-5 }

Elgenvalue Number of OQuter Calculational

Iterations Time (sec)f
D.S.A. 1,03532 22 73
Reb., 1.03533 49 319

'D.S.A. = Diffusion Syntheci¢ Acceleraotion
Reb. = Rebolonce Accelerction

t CPU Time on ACOS-100D
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"
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----- CiR
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»
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Fig, 2 ComparIsoN oF E1seNvaLus CONVERGENCE FOR
THREE COMBINATIONS OF REBALANCE METHODS.
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Transport Mesh
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Fig. 3 Mesh Point for Diffusion Synthetic Method in 2-Dimensional Geometry
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2.7 —EARERACIDINTHEI-FOMRE
oA H—ERT

CHEAREEERCL L 3ARCPHETEE I - FORRC LTI ~EG, HEEELLTRAL
WE viEEESEARA L, FOREAEILT 3. Fi, 2oFo—Fikd UTHE LOERE
W EBHERERAS,, - FEORRDE &ITRT,

Development of Three-Dimensional Transpert Code
by the Double Finite Element Method
' Toichiro FUJIMURA®

Development of a three-dimensional neutron transport code by the
double finite element method is described. Both of the Galerkin and
variational methods are adopted to solve the problem, and then the
characteristics of them are compared. Computational results of the
collocation method, developed as a technique for the vaviational one,

are illustrated in comparison with those of an Sy code.

1. BL®IC

A U E T B, KB CEF RS S o EREIER T 5 0 5 BETROBBEFITT 5
C o RERID 2RTEHEITES SRAMEGIEST N TE . L L, SR BN
Wik, 3REMETELERILLTE:, 3RTHEFEAOREREIE 25 20, &#
EBORIOET, ChS0I — FOMRRRE TSSO L Y2 —BRSN50T, TTTRIE
HIRE %L ( Double Finite Element Method, DFEM )it k3 o — FEFEIC DO T~ D,
HIREEE (FEM ) 3Lk BR T 20NH TRiE L8 0 TH 55D, 1970EREA-THS
HEAEHARS SR, DREACHFESTHNTO 5, WRTRRD R4 SRED S 5,
FEMIEFEIER 40 55, RERNSEEEA, BESBRMRASZCIRNERTLTL
B. 41, FBELEGCS FEM Z@AT 5 & ray effect 2R ST 5 & 09 CEBHENTED Y,
WAEEic Lol EeE s TE 3D T 25, DFEMICE S 3 IRGH%E S — FORRELT
- T&ET,

DFEMICIE, ALt vkt ENEo @R brEL ond, ARTH, ot a—
F&?%&%®%ﬁmomfﬁdé&&%ﬁ,&bﬂﬁﬂﬁﬁﬁﬁﬁé&%ﬁiéTWOMAN
1 a—FY oERE B L SoREIEMA .

* BARETHMFEE, Japan Atomic Energy Research Institute
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2. —EFREREOHIZFEINOHERA

2.1 BEMHFEORERL
N, BEAERAEBNITSY kD

arwt (7, 8)+eS (e (. d)
G 3
2 +1 > — -2 .
=3 fz ( ¢ )P (po) o2 75 (TH¥E (1 ,Q0d Q0 (1)
4w £ £
g':]SL=O
1E ¢ f e = A4
to- 2 vaf () ¢*G)+QF(r . Q) (g=1~G)
g=1

LE(ZETLED, & E, BRSNS LTEZESRY
,G)=0 for T er , QeSS (2)
& R Gt

ve (7,80 =0 (.8 forrel, O=3 =203 00n (3)

D IENEEZLTERLT B,

—fi, RPFREORRKEAFE - RMETERSNLT EPE{, Figl DL HWEAHT
W d 2T ENTER, CREE, SFEREED Z-AF cMBHTHEIL, AKX 55
EREKE 6, (0 & Lits &, REHNT linear T,

¢ (T.)=58, forr, eD (4)

%ﬁt?;ﬁmﬁ%écC@%E@3&ﬁ%ﬁ:"F@FM%%MBEL?@@bﬂTwéﬂo
—%, BECEIEMEE, Fig. 2mREhbd 62040 ﬁj (j =1~6 )icIELTEA 5,
B,

. o :5 3 1= —~— .
Xj(QJ.,) iy for 1,] 1~6 (5]

f@n,xj@dmwut@em@%ﬁ¢¢5®®Dccvu3wﬁ%%ﬁ@ﬂﬁ%%%&a@ﬁ
xjuéﬁgﬁﬁ(4rzf397y}@ﬁ%buﬁnﬂugmwﬁ,%ﬁﬁﬁﬁ%@@ﬁ&i
DI I ENEOBAITE, ERRNECTERS Y,

Pk, £EMESKET, A1, 00 HEOE g HOBERHETHE ] Thi, I8
i (T, 8 ) Tl

—
Lo}

FE(7T.8) = ¥ 3 c¢cf ¢ T @& (6)

LERTE B Py R CHAEARICBIT ARMIC Y ¢ v FASTERE RS2, ERRAE
ACTERGRE, AOEETHREE S, BRRMOTRbIMEE 551 1,
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Fig. 1 An example of partitioning of
a reactor into triangular and
quadrangular prism elements

Fig. 2 Angular co-ordinate system and
six representative directions
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2.2 HLa* vk |
Bl AMITHALIE LES . CORFENUMIEKRD IO THN, HLt viETRE
ERMAEAL L LTEER(T, O

1 -
j; i j; R¢, % df d3=0 (7)

LA XD ij EENHD, LT, SIHEABETERNTAEL, I cfj i TR A T,
FE RN

T J

g g _ 1’ o o
ElélAHVWCNV_bu G=1~0L, i=1~6) )
i=1 =

%1350, BREMFRBROLIKFESNSL.
=9, MELPABRSLLEATHLY, Fig 3%2R5&, LEFEEFHEAICTLE

¢,y =0, | {9)
REt&Hshtcdd &
ch = Cgigﬁ (10)

LHARTEBCEHDSE, CNLOERMFREIROEETAE (1 -1 )% 6 +1FHDRNF(9)X
FRE 0 XCBEME AT LICED AR INS, IRiT, Fig. A DESFEZTH LD, H1IK
i OHLEEPEEEHELITES

¢, =cf5 = 0, (11)
R A i dt &
C?z = C}g:a ’ Ci = C%s (12)

EEBI A, cHoDIESIE, RO (1 1 )*x6+2FFORE (i —1)*x6+5FHD
KRAEBIMA L, 58, BROMHCET HEE 0 SEERCH L T4 TEORSEDNE L
Alfs O P AasmEanio,

Fig. 3 Normal direction of
the top boundary
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Fig. 4 Normal direction of the back
boundary

TOLHIC, WREGEER U6 EDBRBOKRHERILEEONUKEETEM»N S, L
»mL, SNHFEETE, SEICelAaa ) CIEMEE L L0, Fig. lERENEL DT (x,
vy DEECETREECLCEHEES Y, TOTAERMPOEICsweep THFEERE T 5.7
A PHNEEE S EET b, S TFENOHIAE] back —and —forth SORZETR®LE &
hio, BEORITAZONANREETI. U6, 0L THCANEMEEGHES » ¥ BEE
I, TS S TH B,

Pl it L vd: s iBes Lo, 7oy XanBBEarE, SiEO nERA R
WA s, FRCHREMHOMBHFRESE TR0 L EHANHS DD RECETHES

it & BELEEH AT

2.3 ELHE
ENETREBEDPEFI S
‘g E(g)={r*(g)+e (-3} 2, (13)
rE(Qo={wr*(Q)-v:(-8)) 2 (14)

DL CABE ) T 4 DT W LB 7 DHETFHE T d 299, ¢ oA
FiRicH L TEERCITSS, ToRidch so@dr GFER

Q7w o @ = [ K, Cr) w@) dd-s@, (15)

drev@r o @ = [ K (ng T al+ s (@, (16)

i B, 2T, HADE | I EAKILE, D2 EEHAKELE, B0 s UMD T
BETHy, ZEERT EEOER g tEBINTE, CORDS TALHETEE

TG = { -8 T wE@+s (D) }
t
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Fig. 5 Element partitioning for the FCA-V-2
calculation
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FCA-V — 2 AL T, SBOLEFHOhEFHEIE>0TETWOTRAN-T DR &
Bt L. CHLEBETABL—HER LY, BRAETOENAKEOOT, RELITTD
mEnRESAKEEBEbNS, B8, COMEESO T HITELIT -7z COLEDTWO-
TRAN- T ITk B Ss, 40 %40 #» ¥ 23 EmD, EPS =107 & Lk SOEFER 1.01671T
Boir. CHICHT AREHEOKEL TEERGE2EBE D2 Table 1 BT TE -

Table 1 Computational results for 6-group calculations of
the FCA-V-2 reactor for various element partitioning

Number of elements

(1+1)% | (2+2)3

(3+3)3 | (4+4)3

Core storage
requirement (word)

3458 10486

20708 34736

CPU time (sec)

23.079 28.953

56.527 119.770

Eigenvalue

0.90973 0.99173

1.00571 1.01208

%Q@@ﬁﬁ%&bf,ﬁ@Zo%%%K%ﬁLfﬁciomgSM%%%vamkWHﬁ
2Ttk EOBEEFE AT L 6DTHY, 2HMCERIAEERTS 2, (D& I DEA
&@ﬁﬁ%#m,2ﬁ,Pm17£$f&5cik,mgguMommTﬁm%ﬁﬁLkgmﬁ
chE xig, 3 Pr, 00BEOIETH D, Tadble2id, MO LFERIEIMPC A Y
it FZTWOTRAN - [ 038 E ChoDEEEARE LLLOT, &biF 1 BLUAC—

B L
Table 2 Comparisons of the eigenvalue in
two sample calculations
Fuel pin cell Modified MQOZART
Sampl .
amp-e (Fig., &) (Fig. 9)
TWOTRAN-TI 1.366 0.9968
Galerkin 1.0002
Collocation 1.357 1.0071
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2.8 EHEESECHEI(ZARERDEFHEFTED - FOMRE

ZWRGE (x, y, 2 ) TR S A opih FHiE 5 Sl O B 7 0 B o (HUERE R AR L7,
RO POLEE A EICEATESTRORTABEL, (o ORTECHREET -1 T
NOOFEEDBAC LY, MO AVE-BIUEM A » V2 CLBFARTH, A v ¥ =
SELEOBEAELNLT ESWEONITRE s, BFEILEEDE, Zm (x, vy, 2 R
¢ Lohi Tt 0 — FPALLAS ~XYZ 2% L, T0O%SM%E, PCARR~N Y F < 7%
BR D fRH A8 L CHREE L7z

Develeopment of Three-Dimensional neutron Transport
Code Based on Direct Integration method

Nobuo SASAMOTO+

A numerical method is presented for calculating neutron transport
problems in three-dimensional (x, y, z) geometry based on a method of
direct integratiom of the transport equaticn. Several new techniques
are introduced to the method to make it well adapted to practical
neutron transport calculations in the three-dimensicnal geometry.

These techniques are found to enable one to calculate with coarser
meshes of both energy and space, without reducing calculational accu-
racies., Based on the present method, PALLAS-XYZ, a neutron transport
code in the three-dimensional {(x, y, z)} geometry is developed, of which
validity is verified through analyzing a PCA shielding benchmark

experiment.
1. £ADE

M 3B RTCE T B, EHHHESH E L DR OEH ORI, AHREROEL
BF—=D—2Thb, CNETHEHELREEHICe VLTS IME T —FiIZ, svrhvo
T FETTH at. LinL, BrF Ao a— FEREOKBEERRINGEN T 2iTid
HEDBFHEEOEN A2 -TLTh, UEIEBHOETRTSTHE L, £33 uER%E
B3k Z %5 Discrete Ordinates Sn 2~ FERARINTC 2L, oz —FRatRiE, &3
AFHEEME FHABRELANE LT 420, EHFAEADQEAILT (RE SN/ ERsEic
BoXBEERLCHRTE Lo

5, MoEEIBEELE LT, Discrete Ordinates BEREAENHS V. C 0F ki, #
[ 1 CharacteristiciE & MEFN B FECAEINE bOTY, #ir, HEBOHEC L

RN fj]E%LPJ' Japan AtOmIC Energy Research Institute
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v RAUBBERAERORY, EEA v v OB B IERTICT S, LN ERT
%

FOT, FEREERMECHE S 3W00 (x, v, 2 ) BREH-FEESTE 5 — FPALLAS
—XYZ DR AT 570 L CAPHERCEREBASETE, BET V2L G020, 2 500F
— Ay VB GERNENR S T, F, TEEA S VAl D0 Th, Sn I — FOLIEELE
FHRORENHOD, RRVHEOERA S 2 DHETERENBATLERAGCHTHY, £
DEFTER I~ FAREARCHEATHOQRBEE TS » /o T TEANIG 3 RICERKETF I
T A SRR AT T BT, BT LI EREARR LY . BIETAED 0476 A 5 E
MEGIAT A FEOBEAC LD, TEEEFZEOTCHEM A v 2 OHEPIREL L 270 &
SiC, 1 RTTER %GBT L ORI EHE D L A v F — 27 V@A ERIA LT3 oL
SIS PE AT S THEARMRE Lic. AFEOEACLY), Hlzird 4 4 ¥ aOitRT, Mo
TRFE A 2 DFENAOFEFEMARIES NS L ER LT,

B, PALLAS —XYZ 09— FOHERELHRILT S0, BREDENEEDREITE
BEE L/ PCAN Y F - — 7 EROMBIF 2170, ERESLUEESn 2 —F, E¥FHoo3
— FIC L BEEME DLEET -1,

2. EiERSEOERN

mommrrERE, BAESEHCTRATRDT LTS o
R

(T-RQ, Q, E Jexp E—f I, (f—R'Q, EJdR" ]

O r
R R

+/ dR's(?—R’ﬁ,ﬁ,E)exp[—f 5. 7-RG, @ EJIR)
O 6]

IGH

"S-

E)=

ol

E Pl o0
+~f dR'/" dﬁ’f dE'Z, (T RO:E'>E, Q-0
4] o E R’ .
x ¢G—Hﬁjiﬁvaﬂi/ S UT-R'Q, Q. E)dR” (1)
6]

AR g BB/ M VEER A Fig. 1IOmRT,

Fig. 1 Vector system adopted
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(1R %, BHERORNICT2AF HERAFHCTEZE T LR EE S,

1 G, G, E)=G(r, 2, E) + Al (r, Q,E), {2)

22T, MAEAEAI BRXTEA 6N 5.
R
AI(EfiE)=i/ dR]Hﬁ]%ﬁ’%(?ﬁEC»E,ﬁt+ﬁ)
8]

X1 (ryQEY(E/EVexp (— (1, ", E)JL (3)

—%, COAERELUTOANTH 3,

G(1,0,E) =1 (1, Q.E)exp(-(r, ', E )]

R
+f dR S (7", ﬁ,E)exp[—f{E?'; E)J, (4)
O
T
2T R, 1=E¢, S=Es,
IT -1
o(r, r',BE) = 2 (- RO, O, E)R (5)

O\"ﬁ

TH5B, BIRD (0, THENET A+ —E T 29ME rér OMOLZEEREFENERET
H5o

WICHELEFEQ (r, Q,E)OFlEEZ L 5%, Q (r, O, E)dzarvF—HEBRICEE DD
TIRATEAONB,

Q(nEiE»:jhﬁjhEﬂa<}nv~E,ﬁsﬁ)lﬁ}hmn<3/av. (8)

Q (r, . E) i, WHHEERQ., (r. Q. B) BLUHBHHILME Q. (r, Q, E) 25K
NI > T o B HELNER I, BEEEL, FHEHEL T >0 TLUTO@ENRDOEN
ZDD

».(r; EDE, Q—-Q)

_ , (A+1)0
= X (0, BNz (E\p)éd (cos 0—a) » ——— (FHHEE ) (7)
ZAE
- fi“ E’“‘*E . -
= T, ED » % ( FEqEPrELEL ) (8]

TTT, 3,01, E)2(r, B) BEOTALWAMINIORE, 2EFEHENTEREb00L,
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BBe T, [ el By p ) BHEEELA MR, i, (B8 ) GIFFEHEL = 704 — 491
EEHT.
Qur (1, QL E) ZWIEHEIE LT 5L, GIRBRADLS KRR TE B,

Qdﬂ?,ﬁ}E)=vfdp/Hw- T, B f,, (E,e)I(r, Q.E)
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£ FHEFOMITAHRQEROL ) CHEERT 5.

Q,, =0 (o, $,q),
CCT @, O, REhFAFig 2iadiip BHOBBORUE LU p EHOHES L~
Lo qBEOLEHTH . HOAT I, WO TE-FRITH B ORY @ o 06 LT, B

y AW, ELTHHMENE, VKT IR ETAE, (n=1, 2, - » N oHd5EA
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y
e

X

representation of radiation
flight direction

Fig. 3 Variation of azimuthal angle of the
radiation path in, before, and after
scattering.
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LOBFDHRIRAOHEHRCEENPA B,

j

Q,= 2% ¥ F B wE ) 2w 1G,4,8)+1({a B )], (15
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TR BALEER, g0 i rF KNS Toar¥—FHA~E(FHhbE
1/ ERARZ bV ) THALEEXENKRT 4,
7, EEHMIRERL, ERERCECTEFHAAEE LTRR L DFETE 3,
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wic, (2EOHENE—ECG (7, O, E DB NEEEL 5. COFRLFTTLE, ko
2ODREERS 5.
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Fig. 4 Representation of neutron flight direction
in three-dimensional (x,y,z) geometry
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5 DM SRS, REASEROHE LT, Fig. 8icfaliiRims 5 566cmDEIT
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PLEBETE 25T, REEMEEZERA v Y2 OERIE AN, A7 VRIS
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FPALLAS ~XYZ C#BAT AT &itkh, BUHTR2 ~ FORIERTHE ~OBEAPAEE S

fé: ’37;:0
4 =RFPALLAS — XYZ O— KICEBPCANVFT—HEROEHFY

E ORNL iz % 5 PCA (Pool Critical Assembly )&M T, BIKIFORENFE&H TORM
LS EEOBESHE D h D N v F v — 2 ERIITONI, Fig. 9 T ERER O 2GR
5, REEHPCAD 7 — VKK RCESNIEEBRITIE > T b, RMERRAERD» SHoP
REHIT, BEAETART (x, v,z JEEEFEACTERCETMVETESERTH D, MAT,
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Fig. 6 Determination of energy flux at an energy point E defined at

W=

(m)

The left curve is for a 1/E spectrum approximation and

the right is for a one-dimensional spectral shape approximation.
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experiment through iron slab.
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Fig. 8 Comparison of PALLAS calculated with
the experimental neutron spectra at a

penetration of 20 in.

= 145 —



JAER] —-M 85--017

. Thermal S
Experiment <2

access shield Reactor
rubes I /window

simulgtor

Pressure vessel

simulator
Water
Void box
L PCA
o]
Water core

Fig. % Experimental setup of the PCA experiment
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Fig., 10 calculaticnal model of the PCA experiment for PALLAS-XYZ.
PCA(B/7) and PCA(12/13) configurations are respectively
defined by designating L1/L2 as 8.4/6.7 and 12.3/12.8.
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Table 1 iz, o FRIGED PALLAS —XYZ it £ 53 EE & EBEDL (C/E ) %, il
DSna—F, BEvFALua— FOEREE GFT. 12, Table 213, EodErHRELE
dpa (displacement per atom) KD T, RnEE G ERES IR LD TE DL K
WA E ARSI, Al A3(A3M), A4, A5, ABIRENTN, BukkAdimm oKD,
FHERHEO KD, THRESPOES 174, 274, 3/4 OAEERT . JURFICEHLTE,
PALLAS ~ XYZ OfRRG 0B OBETEREAARL T, MOFE@BLEKLTS,
SRR D85 Y A OFPHORIEPRICHE T AT L o8hh -, EYdETH, dpa LT
i, B3R 20 BLAT D, KIGEOFEREE L) SR BEFIHREE T 5. S,
EABHF RO BEPLELHETIERTHAILEL LIS, hostRELHKT S L,
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Table 1
Fisgion Fluxes for the PCA (12/13)
Location
Code™ | AL | A3M™™| a4 | A5 | A6
2378o (n,f)

PAL3 .98 10.98 |]1.06 | 1.09 [1.09
Cl 0.81 10.82 |0.74 10.71 | 0.70
c2 1,01 |1.15 j1.17 |1.14 :1.09
C3 0.92 |1.05 11,15 (1,14 | 1.11
C4 1.04 y0.82 0.8510.85|0.83
C5 0.79 | 0,72 |0.77 | 0.73 | 0.67
Ccé 0,87 {0.85 [0.83]0.82 |0.81
c7 0.7510.80 10,72 10,71 |0.70
Cc8 0.8 (0,95 {0.81 10,80 |0.75
Cco 0.77 10.74 | 0.83 | 0.77 | 0.83
€10 | 0.83 0.95 |0.94 {0.91 | 0.85
Cl1 0.87 | 0.90 |0.89 | 0,86 10.83

103Rh (n’nl)

PAL3 1.1371.03 11,06 |1.06|1.05
Cl 0,96 1 0.89 0.80 | 0,77 |0.75
c2 1.19 ) 1.27 ¥1.27 |11.24 11.18
Cc3 1.08 | 1.1571.23 11,22 1.19
Cé 1.24 10.91 {0.95]0.9510.94
C5 0.93 |1 0.80 10.854 | 0.81 |0.74
C6 1.04 | 0.94 0,88 |0.87 | 0.85
c7 0.89 10.88 {0.76 | 0.75(0.73
c8 1.05/1.0510.90:0.88 [ 0,84
C9 0.92 1 0.84 [ 0.93|0.88 |0.94
Clo0 0,98 | 1.04 {1.02 1,00 0,94
Cl1 1.0310.99 |0.96 | 0.,9310,91

11511,1 (Il,ﬂ.')

PAL3 1.06 1.04 |1.004 0,97 |0.96
Cl 0.92 1 0.93|0.82;0.77|0.76
C2 1.1411.31|1.26]1.18|1.14
c3 1,03 11.17 (| 1.21|1.18 ] 1.16
C4 1,18 10.93 10,97 0.97 | 0.97
C5 0.8910.8310.86|0.82]0.77
C6 1.00(0.97 {0.8310.7810.75
c7 0.851 ¢.91 0,741 0,70} 0.67
c8 1,01 11.09 | 0.92| 0,90 0.89
c9 0.8710.,88 10.9910.9411.02
Cl0 0.95] 1.08 [ 1,031 0,99 0.96
Cl1 0.9911.0310.95¢ 0.90 0.88

Location
Al | a3M*| a4 AS A6
238y (n,f)
0,84 | 0,8010.77
0.72 | 0.67 1 0.64
1.0711.0L ]| 0.94
1.05(11,01 0,96
0,80 | 0.85 1 0.83
0.7510.71 | 0.66
0.71 1 0,65 | C.60
0,62 (0,57 0.52
0,81 10,79 | 0.75
0.89 | 0.84 | 0.94
0.0 0.86 0.82
0.82 10,76 { 0,72
5 BNl (H ’p)
1,00 {0.97 {0.87 {0.84 | 0.87
0.97 |1.00 10,79 :0.7310.73
1.18 |1.36 [1.17 1 1.12|1.12
1.07 [1.27 11,17 11,141 1.15
1.19 10.99 {0,971 0.96 | 1.CG0
0,93 10,89 (0.86 | 0.8210.82
1,08 {1.07 {0.790.71} 0.69
0.87 10,96 |0.65 | 0.58 | 0.55
1.06 {1.16 | 0.92 ;0,87 | 0.84
0.91:;0.98 11.0530,99|1.16
0.98 11.1511,0340.9911.01
1.03+1,12 |0.93 1 0.87(0.88
2758 (n,a)
0.89 | 0.86 {0.82 1 0.81]0.82
0.91|0.95:;0.78 1 0.73}0.71
1.13]1.3111,i5)1.1111.11
1.07 11.3511.26 11,27 1.29
1.07t0.95 ;1 0,951{0.91 | 0.89
0.91 {0.89 [ 0.86 | 0.84 | 0.84
1.15+11.16 (0,88 | 0.81 | 0.77
0.84 | 0.96 [ 0.56 | 0.48 | 0.45
0.96 | 0.97 | 0.80 1] 0.70 ]| ¢.61
0.86 11.25|11.2410.83¢}11.31
0.971.20 1,121,111 1.13
1.07 | 1.13]10.,92|0,830.78

*) Code PAL3 indicates the calculation with PALLAS-XYZ, while C2
and C7 mean the ones with ANISN, C9 with Monte Carlo code
McBEND and other codes with DOT or TWOTRAN in (x,y) geometry
with leakage corrections.

*%) Location A3M is closer to the core than location A3.
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3. BF¥ha—Frox7 it

Vectorization of Nuclear Codes

3.1 EHFHIA— FORT bL{EER

A OB ORETFT

N R VEER 2 — N3 Y E 2 - EERICRIRY A, X7 P vETEREEREPT X
ST O L EREILT A ENEETH L, 20T, BRGEwYyy —Tl, BADORTH
J—FieH L, FREDNS P VETEBIS AR L TE L, T2 THE, 20~ FU g%
RALB o R, BAGE LOCABNT 2 — FIZ OV TRE LB~ B, Zofuc b, REHNEBRTT
5 — F : CITATION (dd:F4E8) , FEM —BABEL (HRRERBIC £ 5 HHFIERD
TWOTRAN — I (rhit: T8i:%) |, SAP—V (S D ~2 b vl 20Tl 5,
WEEE bEe, VPo100icst 4 5M—_380m At RRs LS, 22 DRT ) 7 — Fef L TREN S,

Experience with the Vectorization of Nuclear Codes
+
Misako ISHIGURO

In order to make efficient use of a vector supercomputer, it
is vital to optimize programs to the vector architecture. Hence,
applicability of vector processing has been investigated to the various
nuclear codes at the computing center in JAERI. Here we describe expe-
rience with the code vectorization, especially on a LWR LOCA transient
analysis code RELAP5 in detail. We also present the vectorizing
methods in use for other typical codes: CITATION (neutron diffusion),
FEM-BABEL (neutron diffusion by finite element method), TWOTRAN-T
(neutron transport)}, and SAP-V (structual analysis). Speed-up gains,
given by the time ratios of FACOM M-380 to vector supercomputer FACOM

VP-100, are shown for twenty-two nuclear codes.

1. [FL&HIC

197665100 AT 5 % AGIEFHC R b VR 2~/ « 2 Ve =45 CRAY - 1 BEASH
TM%VE%ﬁT,Wﬁﬂbé@WT®@EZ—N—-ﬂyﬁawy®ﬂmﬁﬁ%éﬂtoEH
KEMTM,MEOMFB&WH@U%W%LT,MWEﬁﬁéﬁ¥ﬁﬂ—F®&ﬁhwﬂﬁ“
@ﬁﬁﬁ%%ﬁLf%kﬁ,%ﬂ@,%K,ﬁmﬁ%@&ﬁbwﬁﬁﬁmﬂ%mm%ﬁb,ﬁ%

+ HEETHHER, Japan Atomic Energy Research Institute
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VY =PI E R s TR FEDONLFREI - PO P I LDEHEED TV S,

e, A—N— e 3V Ea—FEFEFRTOSLE LD, 51774 YBI~7 vt REET, %
OHHIZ DV TRD, @EPOXMTRES R TV A,

~7 b VETEETE, CEORBEPRIIERICE Ls bova g THRAICET
WETER I BT 5 70 s 7 LOMEMAEEE (RAFH) P, RATERODEN

1
P= v (1-1)
(1=V)+—

V. N7 bR (P75 a0 55 S0 b viH TRES B EIE)

a o~y hEBEEE (R S AR T IS TR SRR

VIRT'9 7 5 LITRIET B85, <7 rofLT v 30N bv(LEETIC L > THEDHE
a i, HEBOT —+7 7 F 2 CGIKFET AN, ~ICROESITRE {5,

1) ~z rvEBEL,

(2) #E L F—soaH (FIAEFACOM VPR, M, —CHkE, M aiE) o
B DOW—7hDHH FEE D <A 75 4 7 DGR TS B «

ITTi, BERFCELHELNAINREBNHUETI — F20d omED, ~7 bvfbhkstD
BRI DTk B,

It B, N b
%,

2 3mTEHMETHETI— K CITATION ™

21 22— FOEE

A RRAEESEIC L - THEE L, RBEFEK (K—effective) ZEHE, PETRE
FE~2 bk LT, EEEREE LT, FIRER 2 - 10L075 2 BERENRICL 277,
HEEEf oL AR E B, BREERENE (SLORE) HHSNTHD

22~z radttie®

i PR, EEEA R B AR, =R Bl 3 RTER A v ¥ 2 (5], K
LB -TEEBE L, SRITA v V2% LRTLLE A v ¥ fAMIIICEE T 5 & S e
EdAHEC LIk T~RI FEEAELTBEIENTE S,

PRI EO D ONBIREEE, SLOR BICAS A Y YHURTR, K2 - 21087
CEd, BAL- T KT BRI T — 5 BEBE OO TIOR ETE S P VHET
7L, DR, <7 bafbRTE, i kTS 2 E AT E LELLEAV-TET HN

FOE 4+ THINHE TOREEENL 5~ 25, S1, ek 5 kiE DV THIICEEL £

Segane, 6™, 0 BEINEEC AR, | EFOFBETHE T Dk,

6 M E B SR Y 3 CBET VB 6 S BEER VA STS B
CRAERT A OO NT ikl E L T, MEET (i_+k=even)’£?r%i@‘5 =1

HERT (i+k=o0dd) LABRBLELEVLHIHEARALT, S8 BHERZTHICHET S

odd Seveni: (02 —3) MEATE A, CNILL - THEHBOEBHA 515 Lkt ~7

FVEERSAEE S B, N PO O DERARERZ - 4 TRREN S,
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2.3 ~7 bwibEhE

E£2—1icid, BF4 B4 38, x—y—z (51x56x24) BRKAEHAE LABHEOVP-100&
VP — 200 TF Lz stEsEriE E e v TR, <4 b afbic k - THEFIESEML, 2 h
FHE LU TEHIESENEDLEML THW5,

BAR Lo bt FHRAEORKEZHET 5 onic, REMEEFHAAZEHL TS, Th
AWFIOE DA O Tk Tl &bl 2 o@fER FERE RS SH S, £/, SLOR
DA D I BREBAERNE (SORE) 2 A wiud, FTESBEMT~s b vfbDoBlEd 5 S HEk
WE OO THRER LSRR TE S

Table 2.1 Computing time of the CITATION code

i HE OB M 380 M 380 VP 100 VP 200
Fad T a | FN)IFR ~ 7 b+ ALER ~ g odbk ~ 4 b LR
S g 5| FORT 77 FORTT77 FORT 77 VP | FORT77 VP

OPT 23 OPT 3 ADV (EVL) |-ADV (EVL)
= E D
%ngfm 4135 s 5 ml9 s 1w lds 0.51,
EOE AL R L0 0.86 3.72 5,39
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D

890 %

SLORBEIAET L
Bl FOH A E

///?::> 28.1%

o F OB R

Fig. 2.1 Flow diagram and ti st of the CITATION code

| (/T )y TJLHE\)
_for k fkmax ~
| vfor i= l tma)(

(H'JL,VH%\) -

;LF?CO)’ J—Z Jmax
_ﬂﬂk( L+f5_;zL@_,,k)A9 _
= JUL 3/(/’” Jcé—f;k)

Fig. 2.2 Partial coding of SLOR in the original code
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e |+4= odd
o |[+4= even

{

—

Fig. 2.3 0Odd-even orderlng method

—for k= Iknmx (?U/M,)%BJ

— for =1, 1max-

— for j= Umax : [m 1T€T0~'t\0n}
Cm) (m-1)

;Slk QJFngé zk—!+C¢Jz/<+1
‘ +d¢(ﬁ)k+e¢(ﬁllé |

| ﬁ)r\/-‘ijmax _' T

. [fof ik =1, tkmax, Z” (IT cmf?’?’@
L }5& =a+bgy; ,m?x OB, Jj

L (m-! (m-1)
+d¢k-fj ¢k+1j

_for IJ |
fo){ k= 2 zkmax 2 U%Qg\ﬁ /7 JX)

(m)
{_:'SAJ a+ ¢£ {ma}(J+c¢tA+tmaX,J
‘ omdy o (m) |

Fig. 2.4 Odd-even ordering method applled to the calculation
of the constant term S
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3. AREXREICLEZPMFHSEI— F FEM—BABEL"®

31 o—FoOE _

LR AR E A L v+ v RERERESF - TEsL L, EHEEMES LTHEL,CITATION
O—FNIBEEEEL2ERESE (2—-1) BAVSHAELH, BABEL o0 - FTRAMRE
IR SOREESHERHEIN TS,

3.2 ~g oAb hER

BABEL Tit, HFREZRZOHETEH L EHNTEROEIRCHRHRE L > TV DT, FKA
FEESMIAEF LTS, FIZE, CITATIONTIR, BERB A v ¥ 2 BSJ0 0w, 3T
x—y zEOAL B FRETHERS ~ 1R 7 —Ab 74 TR TEH NS,
BABEL T 2Bk TH & L THE DN S, 2F DBRH0 65 EWNR LU 5. SlFRIKE
BT 50006 MRS x—yTPRERIE, K3 -20X5UEEFS S 252 T05, ZLOBE,
BT EGHERFESRSP I T(RARSBLERA 5L HMWHBRICHIEL SEVDT,
odd “even EEIXEATE L,

Pl Eds, BABELTE, x—yEEIHLTYaEHRICE -T2 PR T L3, 2
—H 5 R BRI A R D, ¥ 2 EETOPE TR BERRR EL 5, |

n NB n— . —r e 3~ 2
¢ —ait 2bi e i1 Wx—y FELOEE, NI D
(3—-1)

(3—1) XTH, 1HEOEICESHESI LS, NHE TORERBY 1.3~1.5EH
g 265, 2~ ESBEREEOY, 4o TIERICIZE 5,

33 ~ubadbEhR

£3 - 1iCiE, FIFEE LT, dlOmEE 6 BEtE T 3 — 2icm L 6 B O x —y Fil
A 3 AOnEIR (233 X 128i8) % VP — 100 THEIT LickER4mR T, WAIRKETTERHSD
ICSOREM S VI LHEICEZ L CEir kD L5 EOFEBRERD, ~7 L TERAERER L
(6.54%) - LT 5,

Table 3.1 Computing time of the FEM-BABEL code

. M 380
PR OB OM380 || VP 100
E-I“%:E%Flﬂﬁ 1 m 495 2 m48 s 26 5
HEER 1.0 0.65 4.2

~g Ra{b#E G5 %
~Ng bR 223
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“

Fig. 3.1 7-stripe matrix for a
three-dimensional neutron
diffusion problem

\226.827Q) 2‘,\253
224, f23

Fig. 3.2 Element and node point mapping for a hexagonal geometry
(1/6 section on the x-y plane)
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4 BEFEHZET—F TWOTRAN

41 23— FOHE ,
Ty vouEAELEFAEERFMZZEB L TE  PETEEIRNOBE, Tfv¥F %%
DETHEME L, tRuF - BESMA, FHA v YA BRI OWTHRREELSETRE,
ERBE R E P THATA DS, WHAEORALE U 2EREFE &2 —-1) HE
HEnTha,

4.2 =T btk
TR BBV SN BB LR E, BAOEREL CEREOEEZAB L TH LR T
Bz ok, 2HChEETIE, RO EBEN LTS ™4 -1 10) .

{(n) (n) (n}) (n)
BT Akt bk Ptk +Cijk¢j:]-1;k+dijk¢i,j,k_1

(n—1)
+eijk¢i,nj,k+1 (4—1)

LT, i, JHEMA v v fE, kRAELERTAETRT.

(4—=1)K%1,j, kHOEFNLOEERTNY rvibdT 52 8, 77— 7 ORMBHNER
MR O REEETH B, Ll , x—y K TR, HHE Fes 0 BoaEMA+ad R &
A, (41) RodijLe; 0 ELY, AERTFRICEAL T~ rvetEPARLE S,

Pz, T ORICONTR, (4— 1) RERIEOE S,k b1 ot RIS
AP iRt 8B EBHEV, UL, Yo rZETRELOCEEREOBEME &/ 6 LERAK
A0, HCEEETEATHEL Y — 2AMETRBEAIGE LSV,

i o - K EOBEROZVSE®ED — FONY R R RRIE DI LTVS, AR, i
AR TR 2RAEBARKD 5 SEEXTEZ 605,

—1) {n—1)

(n)
j+eij¢i,j+1 (4_2)

{n) (n) {n—1
“a;;tbhifi, e %1t di 8,

¢
%%ﬁﬁﬁ?d,(4—1)?%t$5ﬁ%ﬁ%ﬂﬂ,ﬁB@Lﬂ%%LHPQC@ﬂ@%d,
WEIE PR o0, LE AR TR 2ROFE#HS —FDP ¢ ikBEEsROEHT LD SRS,

Bld— 113, MoAnicitEdTe 4= FLr-viE (B4 -1TF) ZAVLTEiCk-T
SO P WLIRTE B, LivL, 2w YaldBB8LRB0EFTRE~s PrRAEHITV, BEDE

A, 7a7 7 OFEHLAKEFNIH TWOTRAN TEH T A LTy,

4.3 g AR
yv%ﬁmomfm,%Eﬁéﬁﬁ%N&hwwﬁéo(ra)%ﬁf@,ﬁ%%%ﬁ(f
075 a0 % 0L 2 A FETEL, BDARENICNT bvlbd s L0 s SRRV
F4—1CVP 100 TORAERERT,
AHOPHFREAIHSTOEDICHIET 2WEXRSHD, ColHvos T w—F Y FIXUP @
Wt L&A ) U F s a— FECRPUHFHIABROLHO V- TEICB VTV, CALLXE, B
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TED~NY ML s Y54 5 TERAT AL TEINOT, FIXUP 2 H ¢ O 2900 T, 8D
Sl CICERZI AEFEAITONTZ PLbEHESIE TS,

Table 4.1 Computing time of the TWOTRAN code

g X~y X—Y R—Z
b e Ss Sis Ss
- A 9 9 3
X—yorR—z 20 % 20 20X 20 36 X 26
T B NV =3 10 36 36
S/ AN IR | 0.90 0.95 ! 0.75
SFEEEMaR0 | 063m | 191 - 0.96
» VP—100 0.53 0.52 0.36
wOE ff F L2145 3.7 2.8
PP
4{-
‘ .
s & e - - e e e
§
'.40-4' s 1P o = o > e —=r
I:' | | T FP
] . > ?
e | TYPFRATHE
L L]
N\
R
~
i R\ K‘
K AN R
N ; A
S — e . ” . .
;|

A J
*UQ{E H)’Per" Fﬂune 7‘.2

Fig. 4.1 Hyper-plane method applied to a two-dimensional
neutron transport problem
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5. HWSEITTOSSL SAPS
51 22— FOHE :
SAP513, B TIRAR b # =/ W%, £ANGEET 2AFFERCHEEY DRG00It £ CH
HafTWwb, SAPOE: S LTIR, B4 d 555, BITERN, HEBRRRT, WE2~7 b

BT O £ S iEEEREIR RS T 5 bOIBRIEHERMEEYT 5.

5.2 ~u sl hiR

Ke=Me 4 (n#&oo, nidEISED (6—1J
CEWT, BERD BRI q HOBEHEF RIS BEE N7 b vERH L, TIT,
A=diag (41, 4y, - , Ay EE1E
o= (0, Oy, , 0) B~z R

(5 —1) RAEMASEREED: (Subspace iterationik, X5 —1) iT£8, €1, @2, ,
@qﬁﬁ%q&ﬁ%%ﬁ@%ﬁ?ﬁ%omﬁﬁﬂKmﬂyFW%n&ﬁ%&,%ﬁ%%ﬁﬁ&®%
2F v FRBBEERRES — 1 TRTEBDERB,

OB, COTETCNI PAHENTRETH S, UL, BREMXECHSTE, <71
WEMSY FHoS LT, PIVREORBETES n%ﬁb&a AL RIBIAS T E

g

53 AHAEEOEDL
SAPHIZ, /MEEIIEBTOETEENL TH 5O TEARBEORMBTRARARES B »
LEI0F &2 <, CPUMANMLO b, ALDIRET ZHRITHRERRICE BN - FTH
% BEHR G, <7 b LA AR ERE L, BETTO®EERd -1, CORR,
AL HEEEEG /100D TE R, L, COEBRT, BETHIOS
BB Y FilX 8 (N4 +)

OEAENHIICHNELLS,

54 <7 ovfbBEUARTEDIC L SEER

EMEOF AL S EM (2 A) /54 FIEEORREMEIC >V T7 R b LIc#RERD — 2
CoRE . EBEREE LT, FEHAM380 Y27 ATONEEEL TR, AthoRDCE -
TENEE LU D, ,

7 boAbic & B EER BERE FERIE TM 380 IR T 4B &5, b RER
R (BEH914, HAKG091, ~¥ FH831) % VP —200THIT Lkt 135 o &R
[EEEsY, coBs, WBMAL FOERBEBBLETE S,
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Table 5.1 Vector length and time cost for the subspace
iteration method

P i - Fest FATY BG4 0 37 VL.
L O N 2 1 —~m
1£.5 7_£7 i ¥ o=— LD L {(riann -+ 3 mam) /2
¥
TEBRLT < - X =Y T omoaqg (2 - 1) 1 —m
égﬁil . K41 K STk g
P ESA "
< —_ X - Y nala-=1)/2 ™
K+t H-+1 K
'd - M - X n oo n
K1 e . .
559 .
% M - X - ¥ naglg-+-11/2 n
41 K+t W+l
6*7@1 3
X - == I - @ LERVAN O (g IR e MLk A
K-+1 K-+ 1 K+ i K+ -1
— 2
' = Y - &L 1 g 1
KA1 K+1 [
= _
i.‘“é’;._ IL = K — &M el £
oA
. :{_L-_; = — T 2 1 ~—~—m
20 . I =L DL (nm -3 nm) /2
nwisgs ()41 (J+ D (] 1) .
TiEAili e -l — Al -+ e | ] 5 roax - 2 1 n
{(T+T1}
I el i
I Al == DDy A C WERTE) e, IS s ST,
a {I%l e 3] I'T'IIII&.:&J};:, B R L e N R P I L S - I
U e (B @ 2,, @9 .,
A—-dx"\g cAlLl, Az, A a2 o = =< 12
GRS 2 AMISTISes JdL &,
Kb —=MPA (nesE) |==| (S1 @2, »0) Diitan g5
- ZE] IT oo (o BRSED %’_‘FJ.-'DU

-c_c—-c-—

W+ ] I+ 1 ok
1< LY D]

K+1 1 W41 P+ K1
> =2 -

<1
I+ 1 It+1 I+

Fig. 5.1 Subspace iteration method applied to SAP V code
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JAERI — M 85 — 017

Comparison of CPU, I/0 and main memory for
the problem of mode extraction

elements 481, equations (num. of nodes) 1800, bandwidth 231,

eigenvalues 9,

error=10%xx*{-5)

Method Num. [Data | CPU [Elapsed|1/0 Num. {Time/|Total |Eigenvalue
of area | timeg time |times| of Jiter.{area |of the
blks |wvords| M:§ M:S iter| Sec.lbyte Ifirst mode

Determinant| - 850K £8:41} 111:33} 3911 - - T7048K |9. 055251786
search D+2
Subspace 17 50K | 1:22] 40:52132996 | 7 6.93 |1292K |9. 05525078
iteration D+2
Subsp.iter.| 2 650K | 1:30 48:14:i388626 | © 7.44 |[59768K (9.05525079
in—-core(x1) D+2
Subsp.iter.| 1 525K+ 0:b1 6:211] 3046 | 7 4 .04 [5248K -
in—-core (x2)

Subsp.iter.| 1 - 0:12 5:161| 1956 | 6 0.48 |5660K |9.05525077
in—-core > D+2

VP-100 (*3) 42(5

%1 Program is modified so that the stiffness

the main memory.
*2 Data area for stiffness matrix + others.

*3 VP-100 is used at the Institute of Plasma

Nagova University, while M380 is used for
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6. ZTLMTMEI— K RELAP 5/MOD 1"

6.1 a2—FOHE

RELAP 51, BFHOBEHBOBERROSHHERE Y121 -V VI LD bDTH
D, BRI MEM TR A S RICHEPESH S,

Hmp st g ESHBERFNCEL TR, &, BEO 2BISE T, R rF—FEL
FRAHTEH 5 e S 0L D T OMICEERSA, FERARRETL S bElbN D, [EA(P),
AEF 4w e FFNF (X)), TRWE=(U), HE(e), #FE(v, vy O 6IREZELICHE
FTREVAEREM L E-TI 5446« A7 o TORENTES NS,

BTHE Y276 BE) &, 9, “avE-—iv 7 LREFAIHERK/CHTN I NG FIARE,
FrEEER, 10~200a3vy#—3 Y, BEREEO I Yy R—-F v dicaElEng, 2 vF
— v rREREOC DO EY A - iCRElS, R 2 - L DOFEESMRIE T e 7 v
v TIERS NS,

fRE O L BESICBE L CiE, Semi— implicit #ih%, ERIICEL TR, Staggered mesh &
(&6 —1) &Donor cell EAMERAZINZ,

RELAP 5/MOD 1T, 5 2ORABABRADBNRAK L > THEHDAD LR AD L THE
hShBEEEEFVTRING, COBE, BELT R VT —E—HIKE -7 o UTRS DN,
TN LOMEENET AR Hic, REERAFG, (State relationships) 23N 5,

HETHERLOTDO 10RO VT REN5, AEAORRZOLEDOLD &, BIDS 1 4
« 2 F o TOREBRESVT, EBAEROEHAEL 2002 DitEBHEEHRP LTV S
&b b, '

6.2~z hafbl

HKAIETR, THEETREAEXERBHES (544« 22 EH6%) ERNT,
HY 2 ngmd Y e s s VB UHETBOUWOHERNST L - Td, {6 -1 TRL
kA, BIREKY 2 —L LY 2 Vs ¥ YEBH DT LN, K a2 bROBY YT Ve
LB LBTE R R A DR BT E B

—F, BEIE G, BMEA (Heat structures) RUZOMNTHLH A v ¥ 2 CXL,
BAERITIIERCTETE 5,

ULinL7shis BEDOZ o7 7 tlEsReE, <7 biboidoFE LIGERICFRN
B EI, <7 AL T oENED~ S FMEARAERTEL O EEbABEABN DD B
La

1) IFXDEDOwv—7

EROREICRIE L CHERES RS s, EBERNIE~ONEERT 5L,

@ CDC v 7EBEDEH

IO M 380 /<— 5 = ¥ TH, CDC/¥y 7 EA T2 Y 75 BHROMEH LIC & > TS AT
BY, OB PALDRERFT LTS

— 163 —



JAERI - M 85 —017

@ ~r rAbicARE L T oS A
FAEREGINOFM (STATART) ATRASNEZa VY R—2 VY PEZDHRT 2 —L LD
2EDO v—7, BiziEitE (HTADVIUT) TRONAEMESEE Y — 7B BEGR+ 7 v
—F v (B30 —F V) OABEOR ENMIEMBTR1EE, ~7 kT a7t AN
0f 7 ADOBREALBBLELEL S,
FE), @, @it d arniciEA D7 FLO TR S hichl, THICDVLTIERIIO
BTl B, BRAICHE,
1) "o~z
@ URbFe~xTrDEH
(8) DO v—TYMIC & ATHEBEDET
BEHRL D, H1ETHR~N o~ P vtESROETEREZ S 8Fo2ELE-TLE -7,

6.3 ~z7 hfbshs

FKOEHB Y Tv—F D55, 31ME (16000FT, 74 4« T A MO1%) WEHRZ i, <
7 M AL B 10D,

Bizt® ROSAI @ LOFTAETH, &#AD <7 bfbRE~T P vREERE — 1ILRT &
6 —2icid, FiRF -2 ELTO3I >2ONETHE L ALBELTRT .

(1) #0o+uiREMB0T GRERE 1)

@ ~7 v v bBREM380T (. » 167

@ ~Z +rafbhREVP-100T( » 273)

(L & @B 2t EMER LR, CDC/Xy 7DD I LR T { e AT » 7 %BUTAK
HEDIE, Ny rER LR - THI L, BlCHRTEILEL LR LAHBEEBORDURTH D,
Q)p BN E| S EE bid <7 bt kB EDRTH S,

~7 b LB BETEIEFFOEFTIC, FIRESEE I YT ICRIET /e, —#i~7 b
IEEDIEDEF&EHD, AT AMIENRSE5~BHICDVWTIE, M380 k, £ 1) JFind
~ g M OVERBSSERIC—E T B X 2 NHFAIGTRIBTFOEEEHH T 5, VP 100THE, 7-

FICHEBD, B, BERLETI~2%DEENEL S,
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Table 6.1 Vectorized rate and vector length for transient
subroutines (ROSA III 100 second LOFT rum)
Subrou- Contents Time Vectoriz- Vector
tines rate ing rate | length
DTSTEP Time—-step control and 0.0497 1 0.35 Volume 107
set time-step Junction 114
STATE(O0) |[Compute state equation 0.0 (0.0)
for reset calculation
TRIP Test and set trip 0.0013 [ (0.0)
- conditions
HTADV Get heat transfer rate and |0.0677 | 0.70 Heat struc,
heat structure advance 40, mesh 2B5
HTCOND Get boundary conditions C.1124 | (0.0)
STATE{-1)|Compute state egquation for [0.0032 (0.0)
time dependent volumes
JPROP(—})IGet donored properties 0.0308 | €.87 Junection
88-114
YOLVEL |Calculate average volume 0.0529 | 0.80 Junction 89
velocities
MDOT Compute mass iransfer 0. 0187 0750 velume
betveen liguid and vapor 50-107
FIDRAG Compute interface drag 0.0891 | 0.45 Veolume 288
terms Junction 114
HZFLOW Compute horizontal flow 0.0227 | 0.48 Junction
33-114
FWDRAG Compute wall drag terms 0.C473 | 0.99 Yolume 22-84
HLOSS . Get heat loss due to 0.01361 0.80 Junction 30
abrupt area exchange
YEXPLT Compute choking theory 10.1400 | O0.87 Junction
and explicit velocities 5C0-114
JPRCP (1) |Get new donored properties [0.0291 | 0.87 Junction
88-114
PRESEQ Load pressure matrix 0.0725 | 0.81 Volume S8
Junction 114
SYSSOL Solve matrix for change 0.0521 | 0.15 Yolume
in pressure g98-308
VEINL Get final velocities 0.0183 | 0.98 Junction 114
EQFINL Get final energy and 0.0386 4 0.58 Junction 114
mixture density, etc. Volume 98
STATE(1) |Get new thermodynamic den- [0.1355 | 0.85 Volume 30-38
sity from state equation
RKIN Advance space independent . [0.0 (0.G)
factor kinetics
CONVAR Advance control variables 0.0 {0.07

over a time—step

( ) not vectorized
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Table 6.2 Computing time of the RELAP5/MOD1
(ROSA-III LOFT 100 SEC) '

=o=gzo==s=za==s==zz=23 M3IB] sz=z=ss=xczssmszz==z  ==zcz====== YP100
-JRIGINAL VERSION- -——---VECTOR VERSION====== ——ee-o- VECTCR VERS
SUBRAUTINE ENTRIES TIME(SEC) ENTRIEI TIME(SEL) RATIO ENTRIES TIME(SEC
DTSTEFP 38015 242.8642 la01s J8.400 4.151 3&011. 31.903
STATE{(O)} 5 0.G77 g c.084 0.917 3 0.020
TRIP 38009 y .64 Igooe 6.592 (0.984) 38007 $.399
HTADV Jac14 J29.858 33014 259.827 1.279 38010 145.392
HTCOND 1520G0Q 547 .875 Iacaa ' 420.02Q 1.304 38900 427 .360
STATE(-12 38014 15.549 38014 15.702 (Q0.99Q} 38010 15.880
JPRAP (DY 38014 150.542 Iaotse 71.434 2.108 38G1Q 41.773
VOLVEL 38014 257 .88s8 38014 §0.973 3.221 ¥ao1a 25.182
MoaQT 38014 §9.907 38414 29 .320 i.iOl 38019 10.534
FIORAG 3aa1s 434,407 Jjaqgis 152.943 2.840 38Q10 ‘124.075
HIFLOW 38014 111.475 jagis 51.835 2.154 3g8a14 49.155
FWORAG 38014, 230.321 3a014 203.437 1.132- 38010 75.668
HLDSS 13014 46.403 33014 41.105 . 1.415 38010 43.496
VEXPLT 38014 482,430 3ag14 412,990 1.452 38010 179.864
JPRGP (1) 38014 141.846 38014 63.865 2.221 38010 42.792
PRESEQ E3:1¢b NS 353.199 J80t4 90,151 3.918 38c10 31.3461

) gysSsaL 318014 288.199 38014 179.743 1.403 38010 175.471
VFINL 38014 79.382 38014 19.132 4.149 Igo10 5.391
EQAFINL 38014 193.041 38C014 47 .257 2.870 - 38014 45.967
STATECI}. | Jactsa 450.710, Jaots §44.913 1.006 38010 289.315
RXIN 0 0.00Q0 Q 0.000 (C.0 ) [¢] Q.0aQ0
CONVAR a 0.0090 Q Q0.009 (0.0 2 Q 0.0G0
JOB CPU TIME 81:31.29 48:08.99 1.693 ) 29:42.48

x RATIO = CPUTIME(QRIGINAL VERSION , M380) / CPUTIME(VP VERSION)
: * ( ) DENOTES A VALUE OF UNCHANGED SUBPROGRAM

NUMBER OF COMPONENTS : 58 .
NUMBER QF VQLUMES 1107 ¢ 982
NUMBER OF JUNCTIONS 1 114
MUMBER GF MHEAT STRULTURES * 40
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3.850
(1.013)
2.269
1.282
€0.979)
3,804
10,241
8.430
J.501
2.272
3.0464
1.520
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11.262
1.662
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2.249
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Fig. 6.1 Staggered mesh method applied to the RELAPS
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Fig. 6.2 Flow diagram and time cost for the RELAP5/MOD1
in a case of ROSA TII 100 second LOFT run
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Vectorization of a Compﬁter Code for Wind Field Calculatiecn

Hirohiko ISHIKAWA®

A computer code for the calculation of three dimensional wind
field, which is used in SPEEDI (System for Prediction of Environmental
Emergency Dose Information), is vectorized in order to reduce its
computational time. The original code was partly revised so as to fit
the vector computer. The algorithm of the computation was also changed
in some parts. The computational time reduced to a tenth of that

expensed by the original code.
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Table 1

Computational cost of WINDO4.

EHTIL—For803X+H

FORTUNE V10L10

=ROUTINE= =EXECUTIONS= =C05T= %
*MAIN 1 116077 0.0
TOPOO 1 5592557 c.e
WINDO 1 4 .0
READDT 1 68 0.0
GCONVX 33 7755 0.0

- GCNVY 33 9735 0.0
HORWIN 1 4259531 0.7
VERWIN i 1682952 0.3
PWWIND B8263 18535253 0.3
WINDAD 1 698860 1.4
RELUX 1 576063354 $5.2
WINDSF 1 2605160 0.4
DIVOUT 4 1405143 0.2
DIVCNT 4 2664641 0.4

Table 2 Comparison of the CPU time and the wemory between the
original version and the revised version.
* 1T & F
MBI  CPUM)  LEEMB)
sy FF 152 56.56 2,848
KEkE () 167 12. 88 3. 740
B (V) 167 5. 55 3.812

») JARF FACOM M380
) EHR7 I A2 FACOM M380 VP100
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WIND OBSERVATION
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Fig. 5 Graphic output of calculated wind field.
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3.3 MHD RREMRT

om s R

RS 77 A~DERMNEREEH LR L TV EEERERO—>THLMHD ZEHIT 20T
HERITOCES» Sl T 5, £F, TEEMBITOER LS MHDEHO SEERTICDNT
WA NT, bATs T ATHEORRAN— S EFECEAENSESL ER LA TV BEE
MHD R EMBTIC DWW TR 5, EER A7 « T3 X w52 @ERKTRICE T+ A7 77 4
TREEWAGIE TS EDRBEETHEL, THEEETEMAD AL ERITECRHEDH 2R
THbo &L, MED 3— FA& XY ML LERRICOVTILY . CASORREET 7 X< BT
AOMHDD — Fid | SR T — KT, FTEAMOR S IR ROEMIcED L TE0,
e, 2 — FOBERELRAELFE—-ATHLILELEEE>THEORS P VIRNSERIN TS,

Analyses of MHD Instabilities
Tatsuoki TAKEDA"

In this article analyses of the MHD stabilities which govern the
global behavior of a fusion plasma are described from the viewpoint
of the numerical computation. First, we describe the high accuracy
calculation of the MHD equilibrium and then the analysis of the linear
MHD instability. The former is the basis of the stability analysis and
the latter is closely related to the limiting beta wvalue which is a
very important theoretical issue of the tokamak research. To attain a
stable tckamak plasma with good confinement property it 1s necessary to
control or suppress disruptive instabilities. We, next, describe the
nonlinear MHD instabilities which relate with the disruption phenomena.
Lastly, we describe vectorization of the MED codes. The above MHD
codes for fusion plasma analyses are relatively simple though very
time—consuming and parts of the codes which need a lot of CPU time
concentrate on a small portion of the codes, moreover, the codes are
usually used by the developers of the codes themselves, which make it
comparatively easy to attain a high performance ratio on the vector

processor.

+ HAXEEF AR, Jepan Atomic Energy Research Institute
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BEIEEICRE O, STEBOHEESEIIE E LA LTSHENTTTAE AR, 0L A,
BT LWEFESMb OB BER 2FL0EDEFZ LMD, TR LI, BWHcEd
ZIBE T 5 X OB ®OMHD 2 — Fig 20T, 55, B6EZEIZFACOM230-175
APU (FT5APU &BEED) %AW TiThivi <7 + vitEicl 4 2 kEH74E 0T, MHD &
Ea-FO~R2 BT 2REBOEEFEL, FILL S L 70~7 b v BEROGHENTH
HASBROBETH LY, DUFTHE, FI5APURE - TE S <7 b wlb OFERRIC D0 THEIHIC
',

LR ED - P L TR, BERETERBITO O IGEITE - TEDTRE LE L
SELENE40 2 — F@~7 b nfb&iT o7, ZD 3 — FOEEHAFRT7 v v ABRAMD 77 F
s 275 ) THERO Y v —DENTH -C, EEMTOIHICYy T ey 47 0) w7 )
55 s vk (DCRED DB AT S, BROFEIC, —H@EICELTE7 —J TR
BT — ) TR A S ) s )57 s vi (FACRE) DB & 255, wEnosiksd
F g OWWFOEMMAEEL L b THEIS N HELLS-TED, LTLE~NT bETE
a0 hElRELA N0, CAL2ODFEICDOWTEFTBAPU TAAF —» E-FENT b
e B — KCOMRER AT > R ER LA bOWEIERTH B, I - Fhio Vv N TUE
SMEEBANE L TEVE LA EERGIT, DCREDFACR A4 ENTH D, Hic~y bkt
BEETTOENELD,

SIEMHD ZEM M 5 - FERATO—] KB W ERCPUMMA R eEH T 5L
EEYRR TR OB E MR 70 75 4 (ERATO4) TH D, & CTHRITFNL, 777 A<
HOBREE, BEABO A » ¥ 2 8% Ny, Ny &9 50, KATENaim, M Npang 23

Nogim=2 (3Ny+ 13{Ny+1), (5 1)

Npand = 8 (Nz+1), (52)
TELENBERTINTHB, EENy=Ny=100&7 51250, Ngm~60.000, Npang~ 800
ChET B, o, Bl &S IcBES BET R, RENCRDOMAR DD 1 DD
THbH, CDEINHITERATOTH, BEEMFOLOICHESFELRHAL T0s GAlT
T ., CDLSETFT A LERATLEED, ~7 FEREBENERT, Lo~7 - vllg
HEA S C ETE S, W8S LUMIORICR L Th 50N, ERATO 4IKE1 5 53R
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FER oL 2+ —HE) LHFEREFEIBONY P WIBHETHLH, COLIL, T bkl
HEIEOR TESVERE SNFDTH EH, EEITA 2 v 2 Ny =N, = 10BEOCHREAET
BHETEEMIIKEBEENRSD, TNE, BABT 27FBEENHE - TRELARA
EBNEERBEC ETHE (BA4R) « COLICAETTRICKELAEEADPBILIER, &
ROBERELTEABMAR T EKLE, BT ED D L TREUEBEEL S, BEDR
i, B ~NEFHIOEIcES (BN . RETEZETMNOFMR, BEHRD A v ¥a
BTy (5.2) RTht - THNT 243, FROIEBEROEIFIR2ZICRIINTV S,
O, BITREREA, A v Y aHERENBEENETRLAETEREIH DDITIIC
HaTLlE S5, COEINBRICELPDLY, BEELLOTYEROHE LANNKENEE
DLTVEL EICRENS 5, £ 0T, BEEMALLTOSHEIRERATO -]V cs 1Ty,
%75 b (Scott) » 7wy % aie ko CAPIEMHETS, CORES BICBRL TV S,
2, o4 a0, CORMETEEROEIERFS O 2Ty, SEAEicE LD Th- &R
DIBLVEYRDEEEDICLT, 70w 7 ORIAITF>TRLZ ECK-T, THDOHEEE
U D EAKEES 5, COTRE IV A : —HET 5 LEAMDIOESITHLE, TOLIIK
KETHT ECE->TERATO -] OMEEARBNICH L3 €2 EF TS, UL, 20K
STHRERATO -] % ~7 P oAb d 2104 » TREERBSOHOE TEGL, FTFHE1R~7 vk
DI -TVBRTETHD, B 2RBHMO N F WIFEBTHDE 0 AR AICE T HED
FIE & 15 - TR BERIAER T VARG H AT L TEHED, IASID2HTE, 58, EE
CEMAEO NS S EBREAOTHEE - WRB LT T LIS D,

JFEIEMHD BEHFER~2 Pt EBSR SAICHATESATFD 1 2TH S, FT5
APU KT FACOM VP —100%{#i » TAEOLUS % 7 — FOEITHEHITOA TV B, LITH,
M 75 X=w@8E—~) ¥5F 1+ 32— FABEOLUS—RIZHHTE -T2 b fbOBREZBE~N L.
AEOLUS ~R1a— FOEEZsL, @, ], U, © % EECBH 4 2800 08l s N TH5S
(2B » COXBEMAILEGENABLOOPOHEES A A T -+ E—FBLU T bive
— R OVWTERL THE LA EDONESETH L, <7 P bE{THIBEDL > HERICEH
THEPENSC R, FhHTEETEE, E23XiF, LOOPE0 iL>WWT, £ JF e/ —
2705 aa L FIBAPUAD <7 bafby —A 7056 (bEBLUc) Z/RLICE
OTEHLY, FEE 7077 A0)REA v ¥a <7 bl 20T, (JERNBERIPVT S
ML E T otc bDTH D, HEIE, FERICTRTEBOTRA v Va L 20TAZ b fbd
ECEHERE LTS, COLIBDHIT, BEROF—F b, #4 v a2 tHLTRY b
ftEFF 1o bDTH B, N7 P VERBRORE A » ¥ 2 BIRERER LI bOWHUKTH 518,
ERMLAERED L ETEFT5APU TR 6 5EOMRAERTHT P TEL FILWIAT
Dy b WEFEREIC DWW TAEOLUS-R1D~ 7 + LRIz 20 Cid, RIED & T ARIRIEN
HEFE &N TOWIEVE, B, M%&) FACOM VP—200 TOHREREDES o, 44
e BEAUEESEES ATV S 18",
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a7 s <@ o OMAD 2 — Fid, RT7H 2 - FoREGRECDTHHENES CAN
HWOEEDLNLOT, LPEBOEELEHTHEELMERL Thle MHD 2 -Fi, <0
REFEF D~ FICH~THRETHH T E by LT, 0 RRORECHRZIGER L TH
BHGED SN THRf. BRE2 - FR~7 P ERICEC = v F 95 E3hNELDE, DL
AHNEB I LBFHBAZ 0, &5 1 DEEL DR, WADMHD = — Fid, WAIKCKBEETET
HEEZH>ThH, EODTERNLE D - FTH - TTENERE I EZRLENTETHS, <7 b
WETER TR OHEAMNE LT HAEQLUS R0 I —FTH-Th, BEFOERTLDE
BAD—RKEDDY T —F v ThH B, Sk, MHAD T — F b TEMEKTEELT 5icH -
T, BOANY P VIEEELLHOSNE B bR ML EDITE LD bRNE Y,
AEOLUS —RITHEM S N/44E L WA EE S, Fim 44070 3 — FAEOLUS - RT T
R THsEEbND, Lil, BON7 P ahde e 2008 Tail, $<05a,
FOBHPEDNE T EEEST, HHE T X OO HDMHD 2 — F TR E D
TE BT VISR EELTEL I TH D,

AFEELT LHRICHI » TBATRBHERS L TRV ERBITHRERRESKE
LU~ Pt ERE L TESNESAE L TR A VBB EOREEERICERHE I LE .
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F3#% MHDFEHE2 ~ Fo~s b afbic £ 5 PEfER L

(Mesh : 128X 64)

Bauilibri | Scalar mode Yector mode Performance ratio
quilibrium solver ( FORTRAN-H) (AP-FORTRAN) (APU/CPU)

DCR method 1966 8ms 916ms 1.8 2

FACR method 1119ms 286ms 3.91
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Fda FT4AIBER
Ns/N;( Dy, Dy Dis . 1B{(D; + Dg+D3a )
30,7 30 46 (390) 65 (390) 0134
60,/ 60 180 (30000 350(3000) 0079
100,100 600 (13700 1600137007 0.068

BfTE N5 02 (ITRK= 19000754 *) T&%%, D:, D
LDLT 2 EskT 5, —HRARKROBEDTH B,

D7, Dy =58N,(ZN,+ 2)x 819000 TRK.

Da:; #:l%ﬂ%ﬂ A- AQB,B,

Dy =NJNI+1M2NZ+I%DX&/w%OTRK.
#F4bh  EfE AHRSEH.
N/NZ CPU [#) SR iERE (F) [0 &%
307 30 317D (3800 2320(5610)
86 720 2720
60 60 350(1090) (34000 8480 (51000)
1530 7353
1007100 2050(7940) (18700} 16200240000}
2240 6020 17900

EBRIEERATO 4 DA&, TBRIZERATO 1 -ERATO SO 25 TH B, ERATO 4DFEHKE

PLUI3ETH S, HEEBHERAARSICL - TED,

Fdceo ATBYKE.
N,/N, |ERATO 1 | ERATO 2 | ERATO 3 | ERATO 4 fERATos
60,7 60 1056 136 554 828 ! 752
100,/ 100 1068 298 1012 l6as | 13%
1

BAIKB. ERATO2IHMTH S,

¥ 4% ¥ «HERATO—Ja - FOFRHEERALZE

HETHR ERATO 2 — VY OEFTIC BRI EREROMELUTORT I T, £ 4 aldf77lA -
1B, B, LDLT28#4 57 » { vOKE%E, £4.biE, CPUL LA & AR HEEE,
Fdcld AT NVEBERLT WS, & 30POEERBRERATOZ - FOLDTH S,
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FS5F AEOLUS-RI FEEESHDAH T — » £— F,
T bov s B— FIEZERO HE,
FEA o ‘Q'J.i{z: 30, 7—1Jx e« E— ]‘:%{: 20

(F75 APU),

Scalar mode Vector mode Performance ratio
(FORTRAN-H) {AP-FORTRAN) (APU /CPL)
(ms) (ms)

LOOP 200 94.0 10.0 9.4

LOGP 300 >* 760.0 91,0 15

LOOP 400 31.0 30 10.3

LOOP 300° 734.0 133.0 5.5

LOOQP 600 ° 78.0 130 6.0

LOOP 700 59.0 7.0 8.4

Total 1696.0 259.0 6.55

2 Convoluticn.
b Recurrence.

Bk Ny P ALEEDFE LS NS P VLIS ER
DiEV, BA Y Yo B=51, 7—Jyx-E—F
#=5 (F15APU),

il

( Input Data ; MESHR=51, N=5 )

SCALAR HODE YECTOR MODE (AP-FORTRAN )
( FORTRAN-H ) Ccnvolution Convolution
Vecrtorization for
Inner Product Radial Mesh
LOOP 200 5. msec 1. msec 1. mseg
LOOP 300 16, 18. 8.
LagP 400 1. 0. 0.
LoGP 500 11. 28. 5.
LOOP 800 1. 1 1.
LOQP 700 3 1. 1
TOTAL 37. msec 47, msec 16. msec
PERFORMANCE
RATIO 1.0 0.83 2.17
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—R1 22— FO~Z7 b AALEOR L,

#7% F75APULFACOM VP— 200 i & %5 AEOLUS

230-T754PU yP-209

S 84.0 a=s 16.749 ms

laap 200 v 10.0 0.428
e 9.4 33.
3 700.0 120.232

loop 300 v 93.0 2.940
yd . 7.5 40.
5 31.0 3.633

laop 400 y 3.0 0.106
e 10.3 - 34,
S 734.0 187. 773

loop 500 y 133.0 3.275
/ 5.5 8.
S 78.0 5.978

loop 603 ) 13.0 0.933
7 5.0 7.1
S 5.0 14. 843

loop 700 y 7.0 0.444
s 3.4 33,
S 1666. 0 360. 208

total y 253.0 §.186

' / 6.5 44.
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1000 —/——— -

(Fast)

0.1 [ -
(Slow)}
0.01 [ I D N ! |
® 16 12 10 8 5 4 3 2
(Mesh number)
O —HMIET 7 XvOBITICET 5 A0 boviE
HeDd i,
w? ™7 T T
1000 pP—— -
X
100 F - X, Vo, Yy X,
FanY
\.r/
|
10 (Fast) 7 ’i
|

[
I
L]
K-
i
=
r

(Alfvén) :
0.1 |- . |
(Slow) f
0.01 b - 1 1 X é
w 1612 8 4 ! Vi, Y, Xs
(Mesh number)
TR ERAREREEHOTRS ®e R EHREIRERE RN
Bz ~7 b g L
7ol
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Number of

floating operations

Ax = )Bx
A=A — LB (Shift spectrum origin)
A =LDLT {Decompesition)

set x'® oc Ny (N + 1)?
for =1, 2, 3, < :

solve Ly = Bxl-N

solve Dy =y {Iteration loop)

solve LTx" =y o< Ny (N: + 1)? x ITR

check COnvergenée

if converged, then
{zﬁ]‘ A’xlﬂ )

= x¥

+ Ao

=17 ERATO THE SN TV 3EHFEREED
mB,

.03

214.095 sec
17.340

APy APU

3.343

I+ -

0.237

1339.842 sec _|
449 831

2 L —
CPU 0.912 4,018 12,790 29,013 sec
] — e r <r O =

1 - o o—0 8 X
10 20 3¢ 40 50 X 10 20 30 40 - 50 X
|

! 1 L b { I _I_B! 1 FaY ay ray ‘=

coy 13.833 97,400

Performance ratio (APU/CPU)
=N
T
1

Performance ratio (APU/CPU)
-+
T

N = 15 25 37 49 o 25 ar &9
N - 14 24 37 4 Wy o~ 14 24 37 49

WATRIX SIZE = 1376 1736 8512 14300 HATRIX SITE = 1376 3736 8512 14300

#= 18X -  ERATOQIR B AER2 L2 F—MEO  H 19K ERATOIBIAHNEZFEEIEHHOD
N ISR ~ 7 b VLR,
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re T 7, ra [ [
I i 1? ; // - *
p -
- b
15
p: 5 -
4 C ? 5 -] 3
//“/‘:ﬂ 1['.” i o V /
4 } / &&
&"mz k ZZ .
1 /
2 7
{a) (b)
% 91X ERATODFEHIITF| DS, (a2 v X+ — BEFHI, bla LA+~
DR
=i+ Al
| 1
@ Calculation of spatial differences {Lo be used in common)
Crank-Nicolsnn - voeess LOOP 200
n-
I, 1 Fibs, a(/:yJ %, 1y, ofm? )
mmm— I == i _— g ’l’ b —— — fr | o {) P 0
@ at V%V”#m (d” ar "oar ﬁ( ar? ¥oar r? Yo COF 360
az 1 4 N 2 44,2
® J = 'ﬁza L Lo am e LOCP 400
ar r gr ré
all, 1 e, at/, af, g, )
= — 3 U, -, — e LOOP 500
@ el ¥ ,,H:q'um( 3r “oar "ogr Ju ar
82 1 4 2 2
& U, = i b T h e LOOP 600
ar? roar r
L—@ “Leap-frog” 1e. interchanging mesh numbers e LOCP 700
e.g., Mesh size 7= (#, #2, ~--, Ymrsn} — 300: Number of mesh points
Fourier component o= (1, 2, -, N] — 20 modes {zn + 1 =41}

¥ 22K AEOLUS—RI 3 — FoXEH3OMNAK,
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LCOP 500

FORTRAN (original)

DO 530 JR=2,MESHR1
DO 520 Ju=N-+2,2*%N+1
2=0.0 '
IF(JR.LE.JN-N-1) GOTO 530
DO 510 JK=KS(JN),KE(JN)
J=TIN-JEHN+1 _
Z=Z+ZPHEIT(JR,JR) *ZVTXR(JIR,J )-ZVTXT(JR,JK)*ZPEIR(JR,J )
. +ZPSIT(JR,JK)*ZCURR(JR,J )-ZCURT(JR,JK)*ZPSIR(JR,J )
510 CONTINUE :
J=2*%(M+1)-JN
ZVTX3(JR,JN)= VIXL1(JR,JIN)-Z*DT2
ZVTX3I(JIR,J )=—-ZVTX3(JR,JN)
520 CONTINUE
530 CONTINUE

E23H (a)

AP-FORTRAN (restructured and vectorized following prescripticn A4)

DIMENSION ZTEMP(201,21),ZSUM(201)

INDEX JKX/JKS,JKE/, JRI4/JRMIN,MESHR1/

DO 550 JN=N+2,2%N+1

JRMIN=MAXD(2,JN-N)

JKS=KS (JN)

JKE=KE (JN)

JJ=2% (N+1)-JN

DO 520 JK=JKS,JKE

J=JN-JK+N+1

ZTEMP (JRX4, JK)

.=ZPHIT(JRX4,JK) *ZVIXR(JRX4,J )-ZVIXT(JRX4,JK)*ZPRIR(JRX4,J )
+ZPSIT(JRX4,JK)*ZCURR (JRX4,J ) -ZCURT (JRX4,JR) *ZPSIR(JRX4,J )

520 CCNTINUE

G
DO 530 JR=JRMIN,MESHRL

ZSUM(JR) =VSUM{ZTEMP {(JR,JKX) )
530 CONTINUE

c :
ZVTX3(JRXS,JN)= VIXI(JRX4,JIN)-ZSUM(JRX4)*DT2

ZVTX3(JRY4,JT)=-ZVTX3(JRX4,JN)
550 CONTINUE

23K (b)
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AP-FORTEAN (restructured and vectorized following prescription

DIMENSION WKz (201,21),WPSIR(21),WPHIR(21),WVIXR(21),WCURR(21)
INDEX JKX/JKS,JKE/, JRX4/IRMIN,MESHR1/
DC 530 JR=2,MESHR1

DO 520 JN=F+2,2*N+1

IF(JR.LE.JN-N-1) GOTO 530

JKS=KS (IN)

JKE=KE (JN)

DO 510 JK=JKS,JKE

J=JN-JR+N+1

WUTIR (JK) =ZVTXR(JR,J )
WPHIR(JK)=ZPHIR(JR,J-)

WCURR (JK)=ZCURR(JR,J )
WPSIR(JK)=ZPSIR(JR,J )

CONTINUE

WKZ (JR, JN)

.=AIPD{ZPEIT(JR,JKX) ,WVIXR (JKX) )-AIPD(ZVTXT (JR, JKX) ,WPHIR(JKX))
FAIPD(ZPSIT(JR,JEX) ,WCURR(JKX) )-AIPD(ZCURT {JR,JKX) ,WPSIR(JKX) )

CONTINUE
CONTINUE

DO 550 JN=N+2,2%N+1
JRMIN=MAXO (2, JN-N)

J=2%(N+1)~JN

ZVTEI (JRX4,IN)=  VIX1 (JRX4,JN)-WEZ (JRX4, JN) *DT2
ZVTX3(JRX4,J )=—ZVTX3(JRX4,IN) :

CONTINUE

23 (o)

=23 LOOPSO M — R » 70T 7 4Ly
(a1 FFe s =R« 70T FhL (DAY Y2 @D20TNT AL

L7 a s 35 A [cWNBCYTRT bELIZT 27 7 4,
(b), (c)id, FTI5 APURDAPUZ 5 — b7 Y SETRI b g GHE »
ENEHRINIETEM TS,
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N = 20

1:0

] i ! 1 ) 1

S0 100 159 200° 250 300

RADIAL MESH NUMBER (MESHR)

%24 AEQLUS—R1 ®~7 b AILEEREDE A » &
= BikAstE (F75 APUD.
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4. BTy - RAMH 2—

Thermohydraulics and Safety Analysis Codes

4.1 EKAHBHEEITIC DT
moa ot

SoOK AR SIISE E A BTHR v A7 AR BHITh - TH D, BKIE, SEBEF, RREA
ZAF, B, BMBGFERIENS S, CROORKRETE v AT A0S B8R RV ORI
BIFOBESD» LA 5E, BRFOBKNIEEBIT SR GBS ECERmLIIEDTH S,

AR CIRIEMR K HBEE SET o — FEDOBEMN L rhbh D E, BKFOLEEEHELT
ELTHD,

On the Analysis for Thermo-Hydraulic

Characteristics in Nuclear Reactors
+
Hideki NARTAI

Characteristics of thermo-hydraulic are important in various
nuclear reactor systems such as Light Water Reactor (LWR), Fast Breeder
Reactor (FBR), High Temperature Gas Cooled Reactor (HTGCR), and Fusion
Reactor (FR). From the view point of numerial analysis for thermo-
hydraulic analyses of these reactor systems, efforts have been made
mostly to LWR safety analysis for past two decades since LWR was
developed. In this report, a historical view of thermo-hydraulic

phenomena and related computer codes will be presented for LWR safety.

. F

BiF . BTEoBKABRSOYERITCT T 2BL0ETETERD THY. AAE, TORK
HEEEFOBRHEEE B, DARTHESEARBBERITTTASIEZRE%1983F12H
CHRBEERE, 1 ~27 B 1 BEOSSRBY TEITH »TRY, BIEEHE, -~ —, v
7 r e E VS EREAFOWEE  RITESEN LEREHBEZT - T0d, BTHCEd 5
BokHESE, BRAXETLIRTUZEERTH > TEBMNICHRBRLTOE 5 2ERVE

+  BpEAH, University of Tsukuba
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EMBVEICEMD S BN, LLED XSS EERITIC T AL, CONFEBORFHERD
TN SRIZ, H5VESBOREY, CROOREROESLOBITEARICLO2H5 T &I
AT EEBEREH B,

—OIEFFOBA B LS - Th, HRETIMTHE Y A7 @ BHIcOL>THD, &
KEE, EEEETEeT BN A4E, BRI, MEATFORS, BEEMLERERPA » R 7SS
YARFLbEENS, CNOOSE, BUKNBHICEET 2 bOORERMIRE, BRPTHE
it B+ (Loss—of —Coolant Accident, LOCA) icfd % &@T, Kkt (Large
Break) LOCA, /Ml (Small Break) LOCA, £ Hic kU 2 < JEE AR LSEIR (Bmer—
gency Core Cooling System, ECCS) #&hid 1, (HIE 2 Mk BARBREHE 2 LA EER
KHBENTOVAEETH L, SREBEFE TR, NalblB kL@ BRT 260,550,
5 v o RIGEIFICE 0 5 5V 7 AOBREEEE L TANRBLS BRBEHEICELIERE -
T d,

PhEDEHREBEETFIFOOAVARBKAREOE L, ERICEFE 2% - TORRIK
IR F 0, BIEEREHE Y At — Y VICLOREMPITON TS, SHEY 2 v —
Y VIGARIH BRI o — FEROLTITONSD, ERSEBELIC DB — Fe@HTK
Miciib, COHEYIalb—Ys YERERTH GUE) HERNTHD, ERFOFRTAR
LAFHIT SRV 65, TN OO o~ FORRERTHEICREPIAELTH L LERD
kalcta,

BKIF 1 P RAEEE c BRTORTECTCH, BNl o - FEE3 T TREFERELTED, B
TR, HE AT 540 REICERT 5 Best Estimate (BE) 2 — FORER LEH & LCHHAE
MBITHhti T3, ,

R, SRS AP, kS, RETHERREL T IO TOBETETE, KeloELS
DN EEOIET SRS LA TED, 030, ZLFEAFY 2 — FOEBA DR PEA LD
BWRHRSBIThN TS,

BRI EFSEBRE Y 27 - E 0 LT 0T, SRBREROBESSTRORAT
HU, BEUEOEZFOW PRI I - FORRBRELLEDILTE S,

+1bt, HIEBTOBAL SAKIES, BKFOLLBITHREBEAPL(ERLILLDT
D, KOTEHEEDELERFE LRI ENTED, Cho 2 208KE, sfKidshTy
Bo KGR, 245 2 2OMEDFHE LT, EHLBKI RS LT 2 - F L OELETI
pbbE, BKPOELEARELTELTHL LT 5,

0L _FiC Tz BB KIFEISE & R MFFTOREZHITIRD 4 2DORRICS T TH b,

(1) ZEHERLDDLER
) To—g 9 vER
i) ECCSHE,

bOTMI S iRBfL
PFic, chooBRIBIRSTEOIRE L2 — FoRELILT. (158
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2. TEHFRNOBOFK

19554E LM, R TFE oRMEATRE TR E N, BTRETCBEE T 5 B DBKHRRD
BEAOELED, BAKECHEERAHICETIOTHY, BRACERRDENIRERICHT S
N—vFT U NBEETH 7. BEEEFESTIE, 19614 4 A £ D64H 4 H ¥ Tl ERE
FARE A EEED b ETHE , ENADTRORELS 18, ZONBE (BRsEE]
ELTHES N, BIEEWT, 1867TEE T, BFED b LIt - YTy MIESHRFERES R,
A 7 7 OB CE—RBAIC L - 7o VRBEITOhNIL, CHLOIEHEL, £D&D
KE iz ARBEANECEELORKOER L7,

Z O, 19635 BB B TEHRRE JPDR OBET O, TLEEOEAE 1 58
TETHLAERTAIRBOGHE | 5F (FAGHE) 0BF&EL2 LT TH ok, —7,
1962~ 65EEOETHE O G, VbW d o -y VLRI NLBHICS -7z, FEEND
~& O &, ToRBIC, BKEOFEMBERICHL T LENELWH#ER OLZRIYMADOEE
VSR S s C & T, BEFAEESHOLSTIC SAFE Project/NEBRMPABIADLLIC,
19634 ~ 664 & TOMBEE SNt C L TR, BRPOBHMEEERIFOFER ZREERIC
okl LEDETA50T, Hi, Z£EFH (MAPD, AARTHHEE (NAIG) @ 3#%
Fhesrt & LT ToRAEFTThbiti,

(1) —AHRENEOFENERG SCICRNFTEAOBETRE SRE - EAZ{LK20»To

P SiEREER (B30

() BB & 2B ERICE T 2P0 2 7L —DSHZIE (NAIG, HIL)

i) 3 v s+ 271 —ic L BEABERY (BICRE) IO 2BRESR EFHNDGITRET

BRAM A HOBBEREMVACER (H, MAPD)

V) BREIEBLy - TLBERERT ARG N 20KEE (MAPD)
(Vi SEIM TR EE R (WHEEE, &)
(il FE¥NGIEE B 2% (NAIG)
THoOE L BEECHBELTHEENLEE LT AT ONABETH »T, SRpE L TEE
B ehid fo 1 D KB BUK NER TEH -1, £ LT, 2RAFRRELLT, FIAE, 2
ARG ST A/ NEROER, Fb 2 7L - OKESEABT#EECHT 2 L0, 7a-5
v VRSB EEALECNT ARHO 7~ , o7 -5, HEOARE, RoXel
FIEEMHINARREEZ B oI

SAFE Project T, EBRRMBE &b, BHMBARRENORMENTIR bTh0k, L
L, COBRBHEBORES AT, P ORNMEAFHFEROBEL T THEL -/
$, WY 2 L—v = vEFMLRTHONY, EAERCENESNORREREZHE LEAL
1 EEFATEMUT BN ER &L » T, BESCENOEEREORR L O, T
HITiZgimic EEE G805 -1,

Ll o SAFE Project H42id, %o EPHcs 0 5 ROSA FHEPKE® LOFTE ~DEME
EnERELTO T,
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3. TA-FDE

1966%EICA B & HARRT AREOHE 1 S5 OEEIMHG SN, COERFARB LI PC
Zo—&ovEER L, BHSHOBKFEORENITONLE LI IIE 71,

W 2 B THENE RS IET A9, CoBRLELE, EELT
To—FY yBEEIEELELN, BRIEARFO 7o -5 v yEBOER, BARFHREINE 1
2 BREEHEER 1 S0 TEKIARAICA - 719T0E X O BEF T ROSA— [ 5TEHMEEG
Atz (~73F) . COPIECIAER, QUK 2HEOENE SR o OBENSRERERICET
HHDTH T, 2HERGOEXOMR, EABRSNREOEEHPEFRFOMIBELIHET S
ERTMOBER SO EAYRTME TS - 72, ROSA — [ » o iikic, 2HERFTOMoody
EFCKHTEEAA ) 7 4 2B BHEBFREEL TOHEEOXLEDRRPE LN,

—F, COI9EEEE LD, REICBOTHEVEARRO V12— v YEITOHDT 0
— & VRN T — PR S R Ubdee JIEKEBYE (PWR) @ 7o — o Vilio - FE LT,
FLASH & RELAPSE AR RENIch, BERZTOERYUREE N, RELAP—2 &4 TI19705
Wit RELAP— 3 & LTERE N, RSO, 7o—4 7 Yo PWR —iR% A O #i (&
BEEH)a—b e Vy I vaViERLOFIRLLS LET2 60T, BEED SHHIH~DE
HCE T A ERNGHEAAETNT VS, COBMAOERORE, £NE TOMWE® 2 HREAD
FEEREBCHTAERRAEZAVE 0T, MEMNELGEERE L L THIND L2 -T0 5,
%213, RELAP — 3 S KE&LOLIFORYT = — FTER SN AREOSERNE, LA
& ERT,

Pk LT, 7o -4y rEORTE - REAOHREEEN IS ELIREA 2L
Ko, SHiv—HrrAh, BB AREEHRAMREL TGRICENTELLITE o7z, TOD
£ 57 LOCAKROEIFIC DWW, Yharondo P13« Calculated Loss—of—Coolant Acci —
dent ” WV L — MCIT2FEICE EH T 5,

HREGH DL Sk ENE LI o2, ATV AERAOELSEF +oRASATY
HOES b2<, COMNAELFEICHVLEGICR, REEHELARTELILTESMAIC
Bz o Lok niThittc, £, BT — FORAD LD ORBEBEEROLEE SEREN
BE AT 2T,

4, ECCSEHfL

CDEHIEE, 1971FICKELOFTO £ 3 247 — VEREE ©ECCSOaRic 3 2 M@
Fote 2lE, I R4 —AEBET, v-TORBEKRO,L Yo — 4o v EE LS HTECC
KEFEALILECSH, BECCRIBFLAIELHEASHT, B LD oBZEIH T 2884 RE L
NBENEVIEDTH o1, HRETEAFIRECECAZLHINERMERELE5A T E%E
FARERELCH I DI TELDY, EREZOT FL0RBERIC L5 EREROMEICE
FARLHRES S -1 bDTH 5, RETREHHAO @+ v 7THR L SN O REIREER
Plicimondc EEtioih, COECCSHEREZAHEOFER Ao E5E
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WEIL T,

BEWfTid, ROSA— | 2B L TPWR/W—7 & ECCS A4 5 ROSA— T 5T#, ECCAKRIT
k2 EEKSERER, Ofthic, NSRR ol HBRFESI9TIFEL DA, $/2, Inod
WMEZIT I ORETEHURE S NI,

—J, O ECCSBIEMHNE & 78 -» T, KEAEC BLUREORFHERSIZECCS icxtd
B LV AT D, il

(1) e EREONBEOEREME 1200°CUT,

(i) #eEmEEocB(LROTEMG, BREEEES OB T,

(i o= s KU E5FERERR, BABSHORSMERDIHTHB{ED,

V) BiEMGESEEETATAS T &,

OAEETH B, = LT, LOCAH® 7o —4 2 iafg, V7. viBiE, BE/KER, c-r7
o 770k AR T AR A, RELAP — 3% —#$9 %7/ RELAP — 4 7 - Fit X DT 2 Hik
RSz, KENRCHE, 1974~T5FEITh i, LOCAKO IR o0 ME T v 2F EHT
WREM ( Water Reactor Evaluation Model ) &W9H/%y 7 —J&{ER L. BEORTHF
LLEEESTEINEAEA « BHFT AL E L, WREMOTES, ECCS FFffgdt~D@ &
R EABE L WREMBHSHERE LI L0, Z0LHCLT, BFFoLeffiicsnT
fdr 5 — FHEEELMAEM I A2ELLITN-TDTH S,

1974 IC A B &, RETRREFHIBERER O S DA KEROANMEBEE T L 5 BFHESER D
Fo B1DDHFOF— s ROBEBHTH Y, B 2EREORGER LT - T Lo R0
[ir>] oW ERRBORER LN TH S, S 5HIC, XFit | SFEOXATBLEMEHEES
BWR @ SCCRIgES & AT HREFRORERIET £ &/ SR &RV

chleHl, —ATRITHROS D HORE L CKE®ERDA & NRC DO#E, HKETERI976F
DETHELRE, 198 EDRFNELEEESORL) e, ), €A -BOKEELE
YR E~0E ) (OT6FEOREFALYEBR v v 5 —BREPBEKIFONR R « B2 L) Bdd
B o, BIHCEBWT S, BMARR 71 —aRA8, 5 -k BRZEG1ORBHERH
B BWROEAIGIRFEAFRE, BWRD LOCAITXE % ROSA— W57 & ORBIEERANAK
fThiic,

LOEIICLT, BEWRO—EOFERELIC, 2HAOWHBERIKBLCEE S L, HE
ot AEMAET D, LOCAK® 7o — 47 viBiE & 2 hicg B AGRRIt D W TH S EE
PRSI a b—v s YISTEB LT »to, FREFIT, R, Z2FERICEVLNTSE
PR T - FICH L, ¥BOREKATEELFNELTFALLS LT H50HW5H Best Estimate
I — ¥, BEICARBEM LOCAK M LBEIR S 115 K DIl o7z, 1978EEM RELAP 4/ Mod6 3 Z
DBE a—FO12ThH-»7T, BREBAELTTo -4y yEREHEKBELE DI ED
BEZ LTV, %72, CRIVERO LOCARROE LB OREOMIC, sTREORZ IS
CHEF LW AOES -7, FNEEBEMTORBIERTLOPTEL L DICED, Kl 2
FERARIC S T A EFEHEHEEE FvOBREBITOND L ICE ot 1 2EE T2 -5 I/
y g EICEBRELAP — 5§ TH O, fhd 1 21, w—7HNO 2HRERTZHITLDEE]
TRACI—FTH 5, FPAEEEE FVRIBHERDEFMLE L DIEHEITITALDTH B8, £
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Db, EBRREOEERABRIICHEL LD, (N LOMGRROBER LY Ed oniE
H5d, i EER 0B L E ORIENE - 7,

Pk, ECCS Bt Rid, XAB~@IRTHBEL Y YR P LR Y o — LIHRICOE
S TIND, 21T, CDECCSHARDEN 3 — NItV SATHWAERAERLOF & L
Thh. EHEFEETR, [BEFFLeincETsEZRA0HE - RitaHs ] WEEE) +
19784E ~8 1T A i} THT WY, BLE® & 578 LOCA— ECCSOfif#T 7 — FZEiT & b hh b S {nsEE
DR A, IR AT, 1981 e E Y R L,

5. TMI SHIGEHL

KIEW LOCA% s &3 A E MG MR & KRBT 7 — FORMBET 7O 60TV 58,
19794 3 Ik E T TMI Z#hFerd Lz, COFHE RO EE S L0 L hard K F -
TVWEREFFRFOESWHICHL, ca—<wrvri—, NFAEEEHEOMEEHICLD—ED
AL H9RECEERBTEEDTH -2, & biT, AT (LB) XidMajor LOCAICH
L DHBETH -7 LOCAR IS L, /Dihf (Small Break) LOCAOHRMNE EETH L
C &, BEHMOR, L GBRELXERCTHTAAREY I 2 — Y s YORERLPLETH D
&, REORBEEA bIER SN,

HEicBWTR, ETFNIRLEEL0&E LBERRESS, BRFN7 7 v P OLEUEITK
IS5 ~EEHOHEEAHH L, 20Hic, BRPERICBFT 2 LeHRFERS LT
TO3I[EMHL 5N TS,

(i) Small LOCABE;® 2 #HFDFER LT
() BAATESRIALRENITBA T 2 815

(i) mEBEHECE T AFELSHIFEEEICE T 5 MR
IHOMIERR, OB T FATHEELNFREBLIEEEATATH T, ERUELICL
STESETRNBHIELSNEEDEEZL LN, LT, XEOLOFTTIRE 28EHD 1D
ELT/INEMERAERL, X 50EEIBLTEEIITROSA- VEELHTTH LN,

#3013, MEENRCITW /- Hsu A3, 1980 £+ 7 + #OBKANRRITET (EHE A v 1 -
7 4 v ZieBWTMajor LOCA & Small Break Accidentic it 2BUKAREE LT, MRER
ABE LI bOTHE, CHLDN DhiE, 0FL L 320RVEETHD, 1z,
BECC/¥4 %2, CCFL®@ & 9ic ECCS BRI, Level Swelling, Natural Circulation ®
LA TMI DS BEERSNL L QKB - ELH Lo

TMI L B NS A P E v al—v s YTOTFRIT AT EBEREIN DL DL
N, BAKNER L OHE, KEPEEASAMAMICEARAEITOO TV S, HERRORN
#MAEFEDDHELUTOLIILES,

(i) Hsu#s&if 7=k 571, LWibw 5458 Separate Effect DB F LT & i@t o — F~o0Fl

BahBITHT B EBVITIE
Uiy FEEAIEE € 7 v 2 SRR o — F OB
(i REFEERICL S 7 — FORIE
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FLC, SR EHRICTE A€ FLoFMbick s L TR ARERICE LRI,

() BEELEBRANL LS 2HEED € 7l

iy SHEROFRE D & o BiE R FE
BETHD S Walll' 3, K#5 Major LOCA AICHR: S NABEDRT o — Fic DV TR
DEHICBHEL TS,

(i) EEEEFEEGT B REDHER, engineering accuracy TiHHTE L D,

liit Large Break LOCA DStEWREIHFHDEIHIKE T,

il L# L, Small Break LOCA®GTEZ, phase separation ®two phase mixture
level motion 7 EDMMEAE > TV TEETEY, LERNOARLOTHEEL P
BEHENH B, '

PlEo & die, SHRLEHRIEE S @ T 7 ic - BOBTBELETD 5o

. F&&

Clb, BAEOREETREKNEREZ ORI F e DOTERKERELT - 7,
KETEEL DD, BAFORLBAICET AT — FOBEHARL, TORRLIHIR
BIREIE A Tl & U7 Bk el g & - Ta it £ LT, R¥, UM, A —-%—, V7L
A Atic 2 DS E NP RIITA B L A - TE D, FIZIEF S Basic Research ,
Separate effect R, Systemi@ &L, RFEEIT Basic Research #{TL>, System
GAREBBEEBHTIT O L 2 AEEE - Tk, -7, BAOREOBKINHAROHAD
EZ R REOWRE VL LT — FA~DHEAZ SRR DR LALTHS,
—SRETR, AR D — FREAD OOEAD L RS — b L 2T, KRE CRITE
pita 7] LTRSS B AAEASEE <, H o o — FE LT PRE FRAIC T EW LT DI
Bfihsdnds »fc. & L TRRIFICWV A,

) BEOASEGE { OBIKATIFE D basic researchid, RRITEDAHITED, figr o — F
ST HMBARIZIE - TS,

) BIFEDZ 3, BALLE s — FOEHcg0—E0T, BEROBERICOVTHED
RIS,

i) Bk, KMERATS /- TH8EF 3 — FOMBETIBESHD, PREDORREE
FTwah, =—ZEOEEPELHIVENTH S,

V) £ —# - R, ARICOA VAT ORNE  RRENB D, Bz - FORRE» S
EHAAODBVTEILH LD, UL, B4 basic research PRk B o REVEE
F—gHEindn, BEDFERPE D,

5%, BTHOBKNRRICH T 5 REMTOBEERIEL, S22 LB onbn, KE,

ZepRl | RRISHADIAE EHAETO, ho, REETHREHRET - T LEPER

EEL LN S,
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BENH

1)

2)

3)

4)

5)
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Table 3 Thermal-Hydraulic Phenomena in Major LOCA
and Small Break Accident®)

MAJOR LOCA
Stages

Blowdown

Refill

Reflood

Thermal Hydraulic Phenomena

Critical discharge

CHF (Critical Heat Flux) and
Posc-CHF

Steam heat transfer

ECC (Emergency Core Cooling)
bypass .

CCFL (Counter Current Flow
Limitations)

Entrainment/de-entrainment
Steam heat transfer

Film boiling {dispersed flow
and inverted annular flow)

Transition boiling
Quenching

Steam generator

Stages
Break

Reflood

Long term cooling

SMALL BREAK ACCIDENT

Phenomena

Critical discharge

Phase separatiomn

Level swelling

Dryout
Post-CHF

Steam heat transfer
Core reflood

Natural circulation

Steam generator condensation
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P REMITD 56, BRNRRARHIFRITCc >0 T, BTSN FREETVERD
EEICHE S o — FHEOERB L0 1~ FOFMIC DWW TIN5, 8K IRED T 7/ricid
ZLOEBHABRSSENTED, COREN2 —~ FRROBEAEZREL TLE 5. &7 e
fl3 — FMINCS —PIPEDAZIC DT EFUTHEN T 5.

Development of Safety Analysis Codes for Light Water Reactor
Masayuki AKIMOTO+

An overview is presented of currently used major codes for the
prediction of thermohydraulic transients in nuclear power plants. The
overview centers on the two-phase fluid dynamics of the coolant system
and the assessment of the codes. Some of two-phase phenomena such as
phase separation are not still predicted with engineering accuracy.
MINCS-PIPE are briefly introduced. The MINCS-PIPE code is to assess
constitutive relations and to aid development of various experimental

correlations for 1V1T model to 2VZT model.

1. B &I

RGO TEREOR T, BERAHE L TERBIE (Defense—in—depth) DFZFH
AL ELTEAXATHS, IHBROZ20D VSNV TELRTET2T0ELETH %L,
() BHROLHUBEFESRL TECAVWE HTH 5 (Prevention)
() BESEAE CABLIE, K2 EREKE2ERKERT LA ICENERLT, R
FhFsg g4 A (Protection) o
() FHICRELAESAEELT, t0EROEREZMHIELEAHEEEERET S
(Mitigation ) o
EFARET 7 Y MEBVT, COLIUSEOREMENRLLNTOL LD, FHHFRAR
TAHL A LE-DEKTEY, THBBEOHRMNERNELNRT 50T, T OBENERIEEE
{LSHLEVRILTHLOTHL, Hrlino Mitigation W RIS R T &EICE T 2FEE &
DTHB, L LIOWEAE I TERINET2TH L2 How safe is safe enough
2 ENAMEELEELTE Y, TMI- 255 oEK#, ~ Safety goal " 3 L0 H AT

+ HAEETFHWRF, Japan Atomic Energy Research Institute
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4.3 BEFEZSBHFI—FORE

—+

“J5 & & fE

FIRMSEIE DL AW RO S B, 1) BEIEIOF Uy A BB L SBEE, ) R
Licia&oiDBRE, i) FIEEIEL LD ZIEKREE, V) FLFAECE BRI To
frtricB L BRSERNICRT ARERMALHE 2 — FORS - REEFA OGN & BT EH oM
HE L R EREEEITOIEDP LTS .

Review of the FBR Safety Related Thermohydraulic
Analysis Code Development

, , +
Hisashi NINOKATA and Satoru KONDO+

An overview is presented of current mechanistic approaches to
LMFBR safery in connection with models and codes currently used or be-
ing developed at Power Reactor and Nuclear Fuel Development Corpotation
{PNC) for the prediction of thermohydraulic behavior of LMFBR systems,
Of interests in this review are the following areas of LMFBR safety:

i) single-phase thermohydraulic mechanism in the primary transport
system, ii) heat removal mechanism in boiling two-phase flow situation,
iii) initiating phase leading to the reactor core damage, and iv) core

disruption phase of Hypothetical Core Disruptive Accidents (HCDAs).

1.

#

PR ORSENFMICY - TE | 77 ¥ M KD BAE ERER) 2EEL, 250 T
méﬁcén5$%%%®ﬁﬁ%ﬁﬁbfj%%%%ﬁﬁé%%ﬁﬁéo%ﬁfﬁéﬁﬁﬁﬁﬁ
W, STRAERORE CEFEROBRE TR MICRS LFESHSEME 50 E &
i, TS OEREERNCIME L FREBRELITT S T, LB - FERERET
5T EMBEILETE B, R

I OB ERBRETE, V2R OBENNEE, RFFELI0OEE ., B Y v eEEY)
DENEE) , HEERBEEEA R, LT hOoSHERTHLE T A& 28k, ]
RHMNCHE SRR AT AR LT 2580 E v, FOEMIILC, B HOEE BiRh o8&
%%@Eﬁﬂ@ﬁ%&,%m%ﬁ£ﬁﬁﬁ%ﬁﬁbﬁﬁ$ﬁmbtégﬁm7;~1®E¥ﬁ®
HENEH NH S TECH D, -~ THE4OEREIEE L, #ihicERd s 298 720507 2
BECiTE 5 MR ER, BTFFE7 5 Y PHTELARBHRFICHONWTTE LT HEUEE
LRGeS LT LT, BT o - KoM, FHE ATV, EICRT D - FOBERERRRET
TLCBHL, BEATRAILES L E4RRATILHOREGHRIEPVELT L,

+ BLE « ik BIFRE%N  Power Reactor. and Nuclear Fuel Development Corporation
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& FOEE B ORIFICH O S NABHF o — FORS - B » it 25 4 5,

Table 11T, BART 2 Q8= — V& BiRg e 70, EUESRIC OV THIET &,

2. TS U MEBERRICET SRATER

2.1 RL¥ic

LMF BROSEFIZR 2T 7 — F v 2 7 cEORBNERZIL  BEFEESEEICT LT, il
DBRBASTORRAS LUBHESFORLETHR T 5L THD, Hir, MR HENAFER
CH LT HBEROMR S BERNICEEL S 3 TRERKTLIILELEEND, £DIBT TV
bENEEAE AT LR E SRR PASNFREMT S EORRESE C BRS L SrTO
MR OB RE L A EE L THIRBER AT S CENEETH 5, BRERBOBRBGENER T
LTIEACS (Auxiliary Cooling System) BN KBS HRETELBALT 7 v VR 7 LR
WASAEE L1 BIBE 65 DIPLN OBGEEINRIL , BEARMERIT, L/ T v 2 RBOEE
i KE AL SN, BEARMOBEHEESRSE , RAFHORET  BEHRNOBER
SHESEI R EEING , JOCH—RABROCARDRT & COBGERET, TOHERS
SHNICHTRIAI A, BRI B80T, POk ) IRaNEHEIT gL §~C, 3 - FD
BEZE - A - KB - pAF A EB T EF (Fig. 1) 8¢, RERDVTE, RBEL, 2 -F
w2 U A T8 2 v 8 —ICH T BHNCERE T 5 720 QWGP ER S it BEEShicb D
o T, FAFASOEBORRBLABIFICER S, YA T LETOR M, FRER
OEBHERICERE NS,

2.2 PAE BB EREE

2.2.1 COMMIX -1 AffE

FBR #AEELETcEs TR, BrARSR T 280 RBMIRERR L, BTOH
CWLHE RAEEE L THEAELENE D,

| FERENORDLIAESMOEEORE, 20 ZRTVHE . 3 FLBE, 77 Y7y h,
HEET €Y 7)) —HORBITORE , 4 P, BB VL, THIT LS L OBEWR, 5
BEAE TS, PREBEY0S AL BERERORE

LD EIC ST, ML OEKD - FEEAGLETHE T AL —MloFRa - FT
LSTEPNT AP E L1, COBRDDIC19824, B#d  KENRC £0 COMMIX-
AT —FAZAL, BESHE, K2 RIS EEDTH S5, COMMIX—1A = — FOREER
PITOBLTH S,

sEE Al c EE D Navier-S tokes AR E TEO R £ (Control Volume, CV £EE9) Ta
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. Surface permeability 7; OBZZHVWTUTOZE
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at dx . Ay Az
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. - A (rimig) N 4Croip 4 Crerie) 2
rvegit vk + ;
dx VeELIT Ax dy 4z
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Yot X dx dy A4z
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WX AEEBEERNICRALTENIABREAL 2E 5,
abug - élafu?“—bélfagdulfpnﬁze (5)
Spalding 5@ SIMPLEE (Ref 5.1) &®$Ei,ﬁﬂ§(2}ﬁéﬁﬂq5-ifﬂg< A, ICE % &EEE

DFIEE AT | R () AKPBECHICS Do BRI, BANICE , ASOR THL
EoniEEeRCT, AL FRAERE  SEHOEERUESERICE S TIEHEE &1
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L, {HL . ZofiEi>, Newton — Raphson BREES &SR0, BT LENEPFRES ALY
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(1) ZRTAGEFT2 — FOXvF < — 78T
FEBRIERFE (44 L | OBEZASICEOLT, SKORT - (&# /MAPL), THAUPR
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FASREERZE, I AN, EREINCALONTE R, CRH0 D — FERAWL TERTHRAE
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HCMNANE 7 0 — k- VOREESOBRERICRSLECPED LN T S,
o — FABE R BATH A 20W TR, BEATEROU 3 LLERETH LB,
ARFERAREAEE SMENT , FNFNONUREPEPEIEBBETH S, T,
COMMIX—1ARRE®OETEGTEM/L T B, CORNMABEELY S &4k ZH,
BEMCEAL T ZEPFSBROFETH 5,
2] TEE | ERIER SRR
[hE | MK —1 BREERXBRSS I MWIEHS, £ ¥ 75 E8d GUERC) KU 7 MWt
SEREE T COFLA Y 7 A s By TEESRYE GUBE ) @027 -2%2U, COMMIX
— 1AL B ABNAR OB 51T -7, FlE LTFig 5iCilRED 72— — v
LR SR RO BT ESEEEECEIERERT . ABRICK -T, L7 LI ab0
HEER_EE ADISEM O NAS  FOROEACER TS 77 vy N RURSHETRETO
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2.3 TFTIUPUAFTLBMESEREBE BN

2.31 SSC-LHE

SSC-L (Super System Code —Loop Version) id . FBRoEdz BRMEE(LIE  FEO
BITAREIC DT, Bl BEERR, T A F-EER AT T 50 - FTH b T
DEIT R ET A DR FEOT S Y FICEE ST, TR, 2%, KESHRY —TH
OEEETNE , Vv AFLBRAANTIEETE S, RAYICEREEROG T 7 v b &84, BALE
EF R E L, LT LA a3 BBEL . FET L L SRR, R, TOGR. KE
B, BT e avE—A YN}, —RnDEE, TALF B4 VI ARENTED T &
REDG, BREWCS -~ THESINT, HlioZ2 7R 2056, oo, 240 T
X?A%Kﬁ%éﬂ,%&Eﬁﬁhhﬁﬂéﬁﬁﬁﬁﬁﬁﬁﬁﬁ@ﬂéoEﬁ#7VXfA&L
Tl U, “xRBORE) 29—k, RO ZRES QR C Y BRER IR, iEh
W%ﬁ%.%tf@ﬁﬁﬁ+[%%?%écCﬂ%@ﬁ&ﬁ%%%b%tmmm,%%ﬁé<m
B ABRAMLETH A, BT, HREREN T BRIEROERESERNTERICE
WA RELThATEBKEIFL T3,

2.3.2 SSC-LoHB - ®ik

Bk Tid, SSC-L (Version M) %KEBNLL& 0EALSK  FERGORLHT . Fricemil
MEREEEY (LOF)BEHESH (LOPT) OfFABNE LT, AR MEZHL TEL
B FONTIRIC, REARECEOEACS Zox Tl B~ A3 4 VRIS REA S
EFNDMAAAPEL EOTH 5, PLEOWERVEEREFLOBRIEEHETL  BHESSC -
Lt B ol e olE , ARBERICL2BREAGETOTENFHE 88 & 4~ B
BEEHDPTH 5,

SSC-LOFBR 75 v b ~OEHABIFE LT, &8 v 7R HofkE 27 5 L2 BRI
B 00 BAMPL ARBERICELHEARE LTRELHA~N, ToiER, ST, Al
M — Rk FY VLR Y T ORI ICEE X1, 0BREMTICL S ShEEE v DEBHR
XL, BORERHRELTH T AERE LT, Fl, #ibF | 21k Las vy 7 OERRE
M DT ENEE N, HiEie, ERoAREELR EBRE) WwERSH, EREREEEL
TRIFNEREZE TS (Fig 5b) ).

—5 KE T 7~ T ESIFER (BNL) Tk, B oZARE LT, SSC Ly
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BV TILERIC LARELDHAUEALBH TRFL —BERTH | BRERICEILNT L HEER
DAL, LOLAILEFNLEOREERI CHCBITRTPITHON TS,

B NEEDFEDNIE, UL, 2, B EHETHZBL, ¥ 7F « 2 UMERFDES  BOHR
IR D DB T, fE-Tra=1, 19=1&7%, COMMIX TRERBERICHT 5EN
{bTdHah, e TRBEY v oZEBEY 2SRICHR T, KEREARIE =8 2 v Y2 2 8AT
B, BB, lAE~OHMEBOH A “AFOUNATOSRELZEL, ZHFEEXILEH L —
E TS AEAE LT T A, T, COBRAT — FEOERN LR &6 —T%H
G BEfEEE LT, SIMPLEE SRR TIAE &880, & 44 £ A7 » 7HOKENHE
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B AT HRHNIC, fractional time stepiEAFMAL , FEEEOEEFX ~T %, AL, C
OEOSREE ABIC T 3 O EEBAL G, EEITE AT S LT, BT time stepZER S
R TE0OLRICREEE 0,

751412 plane -by-plane © Gauss -Seidel i ERFETH 543, — RO TR B EE

A EEEHSEG, B, BEOREEREDPTE 5,

ASFRE 7 — Fic & A EFRFMAZEENIE, BRcE 9@ (19804 6 A ), H10E LMBWG (1982 4
WA) BB RYFz =20+ 3V T A PBINCLE ~TEZOHEOEHIUNRENT N B, #IA
1F ) E10E LMBWG it Tt 180 R v 21 % RIBAZERRE T -7, S 3 Nad 5
&, BLUY =2 7o-DFHLHE—7RUAEDRSE O LHICRFEFERERLT, 5,
Fig.6 o 5 A SHBEO MR EEAZRT . XASFRED — Fi3, B TEB S N7 A
e LOF BRI EtEa o A s hie (37 FC—34), SHOBEZL . £ 8T BEHT
WET 3 Ui, X, O 3 RO, MG A TO T vy Ve —ICRE
IRTET At BHIOIIE A 0 ICIERRCHT 5 o4, BB 2 FERERT A5 L TIT 5 e b DR
GETHLT EPEBMEI NI,

3.4 WhREREHTD — F SABENA

BT T I, SBIIT VN L hO F b Y AR 0 - KRR LS, & 57w TRAEK
BT ASREOMRESEOBE 2 AR —FolREELE. L SEOBEHRET V. K
DMIE RN DM VE L 2T 720 B0, v FR7 FEFVILRESNE | RTHRRET Ve,
WERE TG, TFUOENE, HFEOEEE  BEL . RERNTEHTTOEMICEER
DD, BREPREGICHER T3 CELNEEDE FEALET, HEEE, KA EM
D ERE SRS D, £ OFEARE OME, 6 —HERIC LRI TR LR
RIERA R AR — VT 7Y VIETEEROHSSHESREENE CARETHE T
LAY L, COMAEbER, EFVFA RO KU 2 — FSABENA-1DITL »T
B x#F-, SABENA-1DWEI, #ESZ0ALOBREEIL ~TRE(ELINEL
LG, A ow b7 — 7 EETHBEEAEME N 7. (SABENA-LOCOP), 3 —Fid. €7 /OES
WEATER T A, BAED Tu— 5w v svFw - sMEERSA, B, REICHELE
Bl —HE AT, BT, ﬁﬁ%KFK@Na%%@ﬁﬂ%ﬁwﬁtf%@%éntﬁ,1f
TIHETH B8, £4 FOMBEIA ZERFMET 5.0 A VIRERR T, BEEE
By AN D CER M O R E AT ICR & (IRE LTV A/00T& % (radial incoherency)o U
JpLSLST W1 52 ML, 4 Y54« =7 2R L CERAMF AT~ L ThH, Kk
Fe gy (ARBEOBEEL) SRSEHETHL B naer voE Ll sBaEllahTey
% (Fig. 7). SABENAZD — FiE, 1RTHRETHIC2, 3BUTRICIRS L, MERGEAND
W K4 Ty ML BIEMICEMET A C EATTREE T w1, MFIEIR shc BRI L
LEtEOE#E XL, BRkOFHECLZ 6O LKL THEL, LA, BREZZDLOOE
BT SR ST A DEENESBONAERNOH S L, FEOELSZRLTNE60DL
mfEs s, 1D, 3D3—F&d, PNC, KFK @374 3 LOF EE . PNC OEREER
FEERICER SN, BLMBE TE&EAE L —HEL T S,
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35 E&B

Na OB TR FoBR 4 E#ICTM T 208055 2« HWESETOWAER, FETA
TOBRESHEL  mPEREF RSO B4 Fofmoish , by Y Rino F 74 79 b, (FP
OREEs RS REFAE, coonicld, 157, EEzoBREITE, AERELT D, B
QMO 2, 3momE I, RCRERFRICHT S A 2R LD ELWE TS EREN
B

IRTHEBEITEE OIS, 5%, B 11 E LMBWG R vF = -7 avF 2 pEN ( 1984F10
H) ®, SBERENMFZERTLIERL-TT- TR FETH S, Fiw, 2HEET Fvics
TN ABEMEE Fo, BB RY, ERE | EEGERREEEO R - B 0BT E 0L BB
it OB TLHBRIIBESEINTNAELATED, b2 HKOBEEIC K SHEEL N
LTWAZENHHLTL 2, SR LCEDE FLVHBI B 23 20805 5,

FICOHEE L 0, AREREEH O/ B 3 RockT 1 — FOBIR RIS Lr, Lo -
Fid, BE &Ry bREy CORHBEOMIZ, YT F AT FRPFER-F R AT 47 a2 -FE
LY 298 = F L ORFEEHICH L, ERTREGOAMDVERZERT 2 FHRELTHAV L
NEFETH 5.

Plbomsats, WEEIEo — FABELFBR G4BT S 83EERERICGEA L T
L, BESMURRETOTFEAHTINTWHN I MO AL EERFEVTLTEHES, Lk
L, fad @B — FOELELT2 — Ny 27 L 2KESHAL0IE, FLERESEE
SHFRBNRXGHHMOBEIC -0 T, TOBBHOZRFRAEZH LD, RFROKRDRE
IR OEE N ERETHAED

4, 2FEOCEHICET IR M

41 ELwic

FBR O&FLBIROMN, HEREL THLOREBICELREOHZHERIT , —HICRENF
R . (HCDA hypothetical core disruptive accident) EFEEN S, #1143, @FG
Wit RELMZ 2HRE LTNENT oL, F*r*fhnfj CHRCAEREZ SNV, RICE
%t&?é&f%b%kf%é&mm*ﬂé$%lmdﬁ&Lf Hyt 38 o F A Tl
X5 EAMET AEKTIHMATENEEHELH5H, HCD A IKE T L BEHLENFITE
DT, AER A THE, BEMORER - BHLERECLIEND  BROETHE -
EHAZICHT BEEBES ATUEhRIEI S L, AT, FOMECRE LREELIC KSR
FEORICES/AERERICA S UEEREOEN  FBROZSHORKEURE LML ST
W%, BIH FBROHCDARTICE LTI . PFOOBRRNIEHOREEFEAE RS NE
Lizii A,
HCDAKZEAHREREL T, BEFRLLZETESN, OMLOERZAST 56
LT, FLERBD EH (LOT ! loss of flow without scram) RORIEERAEL(TOP
:transient overpower without scram) @ 2EEM@EERE SN LA, FHEICE » TidFig 8
R HICER Y - v 2 E 0L o0 BIR (phase) KW THITT 2008 EA TH L, TC
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i, HCDARRKIC AL o n M4 o3tEa — 00 opT, SRR TR SR
Ei A | B2 (initiating phase ) ##F = — F SAS 3 D R UHLEIEEE (core dis-
ruption phase ) fE#T 2 — F SIMMER-THIC 2% , £ 0¥ & F v & Rl 4 5.

4.2 RAEERETTs - FSAS3D

121 SAS3DO=EFNEE

RABREEE ERRELSHBY T, H2BEOFRMEENRES £7T (5 03PLBEEL
L SR I RE TR SR LT 5 £ 7)) OHCDA OFHDBETH 5, KABR
HBirsnwTHU2BEARERSZE L TR, LOF BHHE T M Uy o8k, wEMEREE,
FA FIESETOBEERBEES | TOP BRLHTIEE © /B g | R, SRl -8
H#AFEEER (FCT :fuel coolant interaction ) ZABEF oz, IhoOHBEFICHL
THEEshUHET FLEE/HNICES L, —REANRET, BBt v E&bYE THRE
LD HSAS3D T — FTH S SASID I — FidRE 74T v AT (ANL) TBIES
1, 1979 i DOE & OBE TERICEA L TURSBYURBAZERD>DEH LT 5. SAS3D
TIAFLED~20BEDF +» YA VTRESE (EF ¢ VALK QRS K OFENIRE
v EBEHIMEE S KUOBEMEE T LT E) , Fo YEAAMEBAD, KO7 L 4 %8 L TK
PEET  RIGE 7 4 — Fovy 7 & 1 SGEUBEME 28 U THricies g, BT icERET
Fairo T A, N&EE FARMGEEEL Fig.0rnd.

(1) 1 ST R

BEFHRORIGE, WHBLREIGE 7 « — NNy 72 L RIBE)THEE L 72 1 il E5EE
FATHAET 5, EELELRINENRT, OARFASCE (R 77 4, HEESIEES)
@Doppler KISE , OWHIMERE S L F4 FRIGE , @RS MR RERIDE , OREBE
CEBRISE  @WEM (257 4 BBIICLANLED B THEL, CNODHRBETHE
EHASYEORICEMED SR UOTEEHTTETRD 5, H50EDIF3DS
09— FA4SASIDOEEHELEST ARSICRAR TASNICHE T 2T L LHRETH S,
(2) #Ee e

MEL OB, T ) 4, FP A DER & HHEDE
TCEE S (BRI EoravzE, AR M RE 8D
B+,

(3) kU aiilEET Y (Fig10)

LOF Mot RN SHEHA Th s EaNTV A L RTEIJEA 7 /fe 7 L&A
Lt g, 1WRLE FLTESEPHEESR L TRBSEICIEAT S SREL TV 5700, #
BEWTERIC 5,5 55y FASHR I ER TR VA SPLRITC B0 5 FEE LTRTHIRE
A ATV B EEA LN, SANGER - BRICL BT 0K EAEKR, BER L DE&IC
EREEDESE I AT P LERTED, & F » VA LOBEEESCHIM ORI REA
Q7 v+ LT E NKITEMITEE s b,

(4) b EMAEE e 7 (Fig 11
Fr U ABED NI A Ty MEOBERMEN OERE, 10007 77 VY TETIVICE

HHEHET, BEE v R 2k
TS  BEEEREEL
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L F ey ALREASE ET . BRREOERE BB SL L boEERAEE L ETHREY
aoit%@bt174%w®ﬁum,m%%%,%EChmoﬁmEak%ﬁﬁénéo
5 FA BT v R DB EEEGE 7 (Fig 12)

Tt FAEL I F v v R AR OBRER L » @ breakupd # OBOEERE 1RTT 77 vV B
FRREAEATEIET 5, BEMEEF « 2 velEBIE2 2 EREL . £ OEFR
B, BE . BRS0ASFE FP A AEHZWMBNELLTET LT 5, [EED A ) » 7
B F 5 rOBERICENRSND, X, FLERICRY Y A L BETET AEEOED
GET) b anfbanT b, MEBENCELD JUCHE(LRIROERTH L, BRE—
FOEREMTHENE 75 X, BT — FIRENTH UL <4 FADFhE AR,

6) R =S AR W%%Tw(mgw)

B ATEE T 5 F + Y2V TORE VIR BE Y+ v ©F b5 DB OB,
BHHFERDTOFRCT, #BEBHIeFvbash TV 3, ©V/EEAE S LTHE, BEER
R OWBEEE AFE . HEELRANEREOA 7V s VINEIRTE B, BBlEY R BT 0
FCU4AE i —#TH 2 EE L 1l cdh, FCL BAROIUHELV W25 Cho-
Wright ©Faick %, KIBERRS LTE, #EC AN OREBE & FCL T L5548
FA FRESIE NG RICBE oM AauE L FCI oL sPERLET S,

4.2.2 SASIDOEH ST

SAS3Da— Fid, SEBEEREEE | A Ly | DHCDADERNEREEZ¥HE LT, LOF,
TOPEDOHE MU AL EH s T B, X, FGEFICE SO RE TEEE(LE L UEH
DFFNTITIT L Th BREAHTRET S 3, o OEBOFLOELERICH AT . SAS3DIE
M, FADE { OFERBFEITICER S0, WAEAED ST 5, Table 2ICFLEREBASH
FEHRICSOTE LD, SSIGEECABRIER (77 Y 20B v VENER) OEFR T
¥ ERE S, SASIDOTHVE S EMHE THET L TV ARE DRSFESEIF a0 H A
RichrENZE,

SAS 3D EMAEEL | EOETHOBRAES £T  MEMEDER N 1 RO0E 7 Tl
TEALFEHESATE N, FOROCEERE (FOHEER) BVENUS-PM, STMMER 11
T ENEET S, FOLHICERDT —FTH5H5SAVE, SAME 3 - FEREL, 2FFIETER
PEREORELT -~ T B,

4.3 AOEIE R o — F SIMMER -1
431 SIMMER-Ilz—-rFmEFuflE

HC DA o4 iiEBiE1E . FOHE oRBEL BT, BRI (Ba B, BE-EFD,
WERI O BE SR E (R & F IS S PO TR ENENE SUREICEEORE TS 4.
BT EAE OB G RS ORERE I L ARINEEAD AR S TN L S, BIE
oy e & F O EERO BN T8 o0 — O (energetics EFE3s) O FHIAE 28T D BEL
F Tk AT E, SIMMER-TI 2~ Fid¥E o277 € 20F5ET (LANL) THIES#,
1980 fFIC NRC & O¥REIC L nEIcEA S0, PLRBHTHEN ICERAs T 5, SIMM
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ER (S, Implicit , Multifield. Multicomponent . Eulerian, Recriticality WEF DEMRT
B, 7O - BRMREOMEIFRE &, £REE, 25 A1 5 - HRENE LS LT
T K TH B, BEOEHER T —F WIATSAS ) TREEGRFIHEYT 2 7 v &Ba1l
LTa—FyRFaibdaoicstl, SIMMER TRFLPHOENBLLTOHE, EHE
T R E DY - EOBREEEE IO OPB-RTH D, MEETERERP O
BLHERITES $TORCERA N EFAEEZE LTV &,

SIMMER-Il TRERFICE THEAME K, 27—, 7 MU, FlE . FP
HADGH) #BEVE BECy, SAREELLNSKES LIMESETEE LIS |
IR GREAE SAEREGE T REE WHOZEL, FP #R) D3 20ETET L
F 5, BBICEENBMAD—EETable 410577, 18)E LTHEMBERNEEA 5L, B
DR~y NEGEDOEBEN LA bOEND , SLCHBEOBREOECEZERT 570D
fertile /fissileiz®3H TG, Xy FANOFP A 2% BN ERE IS, BEEFICES
S OEORSS (BERSEMES) 2FBLL0 LML, —F, BEMITHE fertile / fissile X
AT EE, UFP #RONT 20 F— (3MELEBE T &5 5 BOMKS (=20 F—ilks &F
5 AEAAFBVIEIKES, BEES LORKBICH LTS EAFBRALTH LD, B,
25 ¢« — L OREERFABREEICSENLGSE, HOURIGOREPEIREMICH L TER
KBS TH B, S IMMER TH# ~X Bl A BEH 23 EHEHZ , =3
LA HI12E LA C TS, 2AEFEE T OBEAL LE 2FEEFVREERCTHE S LW
A%, SFEERIIOGE, X—Y 207, XIER-Z 2RTT, BERH T 5BRDA A -V %
Fig. 141K, BEAEROGE TN HBRRAEBEEN T 200 R BEE CLIBIIE
X)) LIREESAERTH D, ERXOBERRS Fr —ea@Es A0 IMF Gmplicit multi-
field ) HEEHFHAL T 4,

ST e Foic o S HEHE 2, SIMMER 0BT T I ER LEMLIT L 0 BEMIER
AOEEPBEEICE (L B o | ATBEM BN ORE EIGE Uik AR OB ERE . 0,
(R B & U O%EEEE BT . 0 SIMMER T 2 R ORBHRA & LTS
HoEne i Gl LA RARBARESEBE L THRAS) ZRALTHSD, LoD TER %
B LETRE B 2R We B, HHHOSHRE) PLFE TS, SIMMER-IITET
AL E LTI B AR B ARSI Pig. 16 I0RY . BHEGBRTE, OEARSOHIR 3L
LR L 7 THEBL) T LBMAS~OERBT, @i RS ORI(LIC & AE
~DBEEHT . @BE <L L F O LOFP HROBGH , @Rk - BENFROEERTT OFFE
g LA RHOEERT (ERERICLAETEBES L) BEFENTY 5, &
E ST, Dl | RS CERE S OFE (2HRMRIE Martinelll @ multiplier,
BT DI £ AR R L ZEE) | @M ¥ 7 7 (F 7 7 HREERWEEL,
@) 7 4 AEBPBEFMELENTV 3, X, BRICLIBARELBF SNDL, BRRICT A VF
— R EZEALTORSMTHES NS, #H X4 A BE S B R R I BV, B L
AR NG B0 R S, AR EHEEOBEEE A LRI ET VLN T 50 X
SUERDIn IR —EERIC L DR B, Db E LB L, SIMMER-IL o2 BRI ARG
| BT ORE TR A S TG (B8R0 0 STl OER - B € 7y Ok
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WHEFICHEL EFVETEES, SOICHEBEE LTS 57001 mpliciiC Bl L 72 i
[ANEE AT P OO S

BRI ETFATHB D, S80S rEinE . HE, X 1AaHEHEos 7 v ay
PRI TE 3, BREHKGFEOIIR U ESNAU ARV 2, BHROHTE ThERT L O HRE
OE T, SIMMERC BEFE TEWMEOER IRESEMMcET T b o, O
O E &R E RO T £ LB RS ST O BB H A HETH S,

432 SIMMER - 1T ©@EH &#&dE
S IMMER—IL ¢ & % FEHE% 2 7/ o 747 iHCDAO‘)ﬁFJL.\Eﬁﬁf_h CETBLITD 3 aHicE

HTE 5,

(1) HERey PO RS (disassembly phase) @ BIFEEFLCE L foactg fyax— 2 b 238
AU, mEEICEIEE, AW, FELSESEIET, VENUS-PM I - FEDRWNHIEH
RERTN D '

{(2) EHEMR (transition phase) : &EEED energetic THEWIFE OILBEND -~ <D &
LicHEuER , IR LoMBRNIES2BEAOFRLE 25D BaMcd 5, @

BEOEIE SIMMER -l @EERIC L DD TREES L - o, £FLOBITICINZ T,
BEOANOBEES  FOWE oA HhE e, HERLO BN EESES  DERR
Rt pEE s LTV 5,

(3) HFEEBEE (core expansion phase) @ HAwv— 2 LA USROELHEEE
TAHT S ENBEN A -4 T B RETH L, STMMER-TT @I L0, #
W) = 3 v F - BEROFME EAFOHEHE) I RE (ERTLARIESR S
T B,

a— FOREERTE, FOREER N ARERSERDSBEE I ACETHh B LS, B
BB AR EREETRIRAE D 0 O/ MIEER OB L TE L OPRRTH
3o BRHEENFEEFVEMTEE FLORMERRERTEINICEEL o TED,
RAAOESIIZE , HEZE D rate processes SHEBRBICE T2 ERZIEOHIICESD
SLAEJIHNT O — FIRIEPED 51TV &,

4.3 F&®

EEFOHCDAR T O il , KEOHE 2~ FTHASAS3D, SIMMER - Ik s
HCDA OLbhd 5 mechanistic/SBNAT[4e -1l - TE T, 5B LICELEITICE T 2548
EEBLU, £ best estimate # BIELAFMAZBR 740l , o — FOEBRINRIE L €7
WOFELE S SILEDELERH S,

BRITATE TR T 6L -0, BEBFbhaitBa - Fit a8t &b, L7
EEBIE T, BF o YALETATRSAM, SAS L0 bFHEAME Y =70, BHEEE,
FCleFrid L, CABRI HEOMTICER SNB PAPAS 0 — FHZBIFLND . X, BAS
3D DWEMTH 5 SASLA LIRPIOD version PIFERE LEAEERICE L TEA « BESED N
T Bo RICERMMTOIERROBETObICE, 577 Y Y 2RO RKNMETRIEY £
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Fouk | AELESEE F s S LI VENUS-PMAERZ D ER S NT S,

W

£ X &

1) S.V. Patankar, "Numerical Heat Transfer and Fluid Flow," McCGraw-
Hill Book Ce. 1981.

2) By h%ueEES " ERMEFOREEFENEL IO T, 1980 11 B,

3) it fih o " EEMAEEORSBITICH VW ARE S - POV T ', BREENWRES
PNC N241 8128, 1981 11H.

4) HI f c " EEEOELZLER D - FEROBRIR SRR, (IR E G R SR
a- K, OARFFEEE, 4, 670 (1982),
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Tahle 2 BRENE LN 1 — F v 25 L OHFEER

H-MEESE | 2 F o)) ARk
g & & F @ B Ot £k EFF @
(2, 3k TTER ) (3 k5T B%3R) (1 kT
I 3 M E W ASFRE-2P COMMIX-T1A ‘ S5C-L
wayroangEm) | (7ATI v ITHR) (LT AFLESHE) (757 2Bin2FER)
: = SABENA
wom o " (SABENAMER &) (SSC-LEAIF)
(ESAR-ERER)
< >ERHEFE
Table 3 SAS3DOEEBREBIIH
i) 2
R 5 # R R
% p=l EN L =
' = £ 4 & .
£ B 4 £ B DO N FE y & & ) .
& R | . a=
B | B g % B
# | B % B | A
SLSF(P3A) FTR® LOF # 4,
O O O
3T S P
SLSF (W1} CRBR® LOPI #HEH,
O O
19 sy Mo
TREAT (L&) | LOF/TOP, 3a/c burnup,
O O O
SZﬁﬁ.y, Pmax/Pu"""lO
TREAT(L7) | LOFTOP, 3a-0 burnup .
O O O
3&EY, Py P~20 :
TREAT (LS8 ) | LOF./TOP, 2. 6a burn-— .
O O O
up 3&E Y, PhaFi~T75
CABRI(B1)| LOF#EH, FRE, B
O O C
e
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Table 4 SIMMER -TI &z i ¥ —5

€HA
W M5 W E E RS
e <L v M2 i (A RN 2] BT B 108
EbmE (2 iR AT 4 — A REIES —(12)
HTRE AR T~ L (54— WERR)
O e i AR (F 0o aER)
eIk ) [ (AR - (21 | G ZE 5D
(FP#= ~1(2)) @ik 2T 4 — T (Fp #=)

B8 - RAMOEE, EHE, 24 0F - OB — BB ELT
— iz = 7 Ak

(ﬁiiﬁ-ﬁr#ﬁ 5 S R OER AR ?ﬁ5
[
¥

I .
¥
0 F 3—FE % & ( 75
B R 5 VAREE i i ) E - R

- FH®R - 2iE

| }

2im
B AL 75
X EHRRIR 5 I

Fig. 1 BmEEITFREOma
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-
N
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-2
3.05 X‘lO. m/fs ———— 3.05X7072 m/s — 1.2%X10"2 m/s

COMMIX—1A COMMIX—1A  SKORT—I

PO R

THAUPR=1ll THERVIS—H

Fig. 3 ZWTHREMEN 2 - POy F=— 7 BRFER
(1,710 5, t=400sec 7O —s¥5F—)
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 Applications of Generalized Sensitivity Analysis Method
to the Transient Thermal-Hydraulic Problem

+ .
Noriyuki SHIRAKAWA+, Shuichi OHTA and Hikaru KAZIWARA+

The generalized sensitivity analysis method (GSAM) generates
linear sengitivities of system parameters to a designated response
functional by utilizing forward and adjoint sclutions. The adjoint
system is derived with regard to the forward system differentiated by
any svstem parameters. This method provides us with all the parameter
sensitivities in a single forward and adjoint calculation. Basic
theory of the GSAM is described here in terms of functional analysis.
And then the application of the GSAM to a simple thermal-hydraulics

preblem is described.
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MEMEZEZFIA L TROBTHETH B, 15E S OLIBTRBEEC S0 THERENERE % Kb THIHL
ETONT A -5 ORENITER S BEREZACERE—ESTESNDL T LN, ZOFHEORHY
ThHih, TMERIL, BER o AuERErNcflliEzs G of TREASN) ~D, —

* PNCR{EILEEYS ;fzé F{iﬁbwugé-\I; $ﬁ>b@zr=£‘ﬁj—‘[n (3] 901 84 —07)—
A AR TEIH L2,
+ NAIG#SHZErR

— 272 —



JAERI —M 85— 017

0 importance ATRERLTH 0, EREFZICETTUERERET 5 L FLoNd,
Cocit, E M Oblow” & D, G Cacuci'” dFffic 0T, 5 2T RBRAE T 5,
5 9 8 T AR OB H DR O Y — RIEORTEIC DL THE T 5, £ GSAM EEH
+ AEOTFIEERT, B 48T | RLBESVKAEE T BERELE B 5. PR PR
SHEEE RIS FEI T . 2/ CSAMEH VTR FED/ 5 A — s BEES —F T LHETRT .

2. BimEH ()

1) s oRE
() w5 ARRE (Forward System)
N{X () ae)=Q(X(p). a] (2-1)
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Table 1 Response of Each Parameter for the Peak Fuel Temperature

Case=-1
Original
Regponse
=2230.0°C

Case-2
Original
Response
=2288.0°C

1=l
Position in Phase Space: { J=12 (Fuel Center)
Time=(0,76 sec
R (o+da)
dR/R Aa “
/ ) (°c)
System Parameter Direct Ri-R2
o dot/o (?) %;A? calculation Rz
: Yo(R) (%)
Q -5.0 |2138.0 2137.9 £ 0.0C5
(Power) 0.8251 5.0 |2321.9 2322.1 < 0.009
. 10.0 |2413.9 2414.1 < 0,008
| tcopye -5.0 |2232.9 2232.5 < 0.018
g (Heaz Capacity) -0.02606 5.0 |2227.0 2227.6 < 0.027
= pacity 10,0 |2224.1 2225.5 < 0.063
kf -5.0 |2290.9 2294.2 < 0.14
(Thermal -0.5468 5.0 12169,0 2171.9 <0.13
Conductivity) ' 10.0 |2108.0 2119.0 < 0.52
al -5.0 |2251.1 2252.2 < 0.049
Sl 8 cond -0.1899 5.0 |2208.8 .2209.8 < 0.045
(Gap Conductance) 10.0 |2187.6 2191.5. |< 0.18
ooyl -5.0 |2230.0 2230.0 < 0.005
b -6.369x10°® 5.0 |2230.0 2230.0 < 0.005
=]
% | (Heat Capacity) 10.0 |2230.0 2230.0  |< 0.005
3 Re 5.0 |2232.0 2232.2 < 0.009
G | (Thermal . -0.01872 5.0 |2227.9 2228.0 < 0.005
Conductivity) 10.0 |2225.8 2226.2  .|< 0.018
he -5.0 |2231.1 2231.2 . i< 0.005
{Heat Transfer -0.01020 5.0 222858 2228.9 < 0.005
Coeff.) 10.0 |2227.7 2227.9 < 0.009
(é ; 1 -5.02230.0 2230.0. |< 0.005
" (Heazpcz sctty) | ~2-1910 5.0 |2230.0 2230.0 . |< 0.005
g P ¥ 16.0 {2230.0 2230.0 < 0.005
= 3
ol (wCp)e g -5.0 | 2234.3 2234.5 < 0.009.
V| (Mass Flow Rate)}x | -0.038%6 5.0 [ 2225.6 2225.9 < 0.013
(Heat Capacity) 10.0 2221.3 2222.1 < 0.036
Tin -5.0 |2210.3 2210.6 < 0.014
(Inlet 0.1759 5.0 | 2249.6 2249.4 < 0.009
Temperature) 10.0 | 2269.2 2268.8 < 0.018
¢ -5.0 | 2200.0 2200.0 < 0.05
(PQ , 0.7772 5.0 | 2377.0 2374.0 < 0.13
ower - 20.0 | 2644.0 2613.0 < 1.2
| (comyE -30.0 |2305.0 2304.0 < 0.05
S| Bt ettyy | 002373 | =5.02291.0 2290.0 1< 0.05
& | {Heat Capacity 5.0 | 2286.0 2287.0. < 0.05
kf -20.0 | 2518.0 2566.0 < 1.9
(Thermal -0.5005 ~5.0 | 2346.0 2349.0 < 0.13
Conductivity) 5.0 12231.0 2232.0. < 0.05
" -30.0 | 2410.0 2450.0 < 1.7
7 g 4 y| 041767 -5.0 | 2309.0 2309.0 < 0.05
o | (Gap Conductance 5.0 | 2268.0 2269,0 < 0.05
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Sensitivities Obtained by Different Parameter Sets

Table 2
B Original | o [AX/X X0 | R(Xo S(Xz) R(X2) | R(Xy. Xz)
Respanse | (%) (*n i (*2) (1) (*2) (*3)
R s I
cor | & e = | - | |
Wsoa=dR Rl T Rxo=SR] 7 R x-SR

Table 3 Approximated Responses up to the Second-order Perturabation

AX Direct 1-st order Compound
Sysetm S(X,) ~ Calculation GSAM 2-nd order
Parameter (%) tC) (*n GSAM(*3}
2566 s 2563
K —0.500466 | —20 2318 (Case-b)
| 2644 2624
Qf 0777174 +20 2613 (Case-b)
N _ ax
(") R(X;+aX)=R(X) [1+(5 )S(X)]x=x1
vr enr D _ AX 1 aX, g X2
(*2. "D RX+AX)=RXD) [1+(57) S(X)+5 (557 Rl

R

R(X) = RI{X,)

Xi— Xz
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Fig. 53 Transient Power & Flow vs. Time
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[Tcl] max at 0.8 sec h
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Fig. 6 Peak Temperature vs. Time
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Fig. 7 Forward Temperature Solution in Steady State

Fig. 8 Adjoint Solution for the Maximum Fig. 9 Adjoint Solution for the
Fuel Temperature in Steady State Maximum Cladding Temperature

in Steady State
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Tangent Plane at X,

Higher Order Efféct

Tangent Plane at X;

Direct Calculations of the Second-Crder Semsitivities
at the Two Different Parameter Sets
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Takumi ASAOKAT

This seminar on the development of softwares related to nuclear
energy has given a good opportunity to see the future of the three
dimensional transport code development, the nuclear code wvectorization
and the code development for thermo-hydraulic and safety analysis, on

the basis of the review on the present status.
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