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(Abstruct)
At present the conceptual design study for a hybrid system of an intense proton

linac ( 1.5 Ge¥, ~10 mA ) and TRU fuelled_subcritical core are being performed as
an accelerator-driven transzutation syétem in OMEGA project, taking into accounts
(2) transmutation efficiency, (b) energy balance and (c) time span required for the
accelerator development. Therefore two types of computer codes are used for the
design study of transmutation system : (1) Monte Carlo simulation codes for calcu-
lating the spallation reaction and particle transport in the high energy region of ~
15 MeV to ~1.5 GeV such as NMTC/JAERI-NMTA, HETC and NUCLEUS, (2) neutron transport
code for the energy range below 15 MeV shch as MORSE-DD. We can also use the ACCEL
‘code system calculating the particle behavior in the whole energy range as one
computing job by combining NMTC/JAERI with the Sn transport code TWOTRAN-IO. On the
other hand the SPCHAIN code has been developed for the time evolution calculation of
transmuted products in the spallation energy range and the ORIGEN-2Z code upgraded

for the burnup calculation in the burner reactor is used for the transmutation of
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TRU in the core. At this meeting the cortent of codes, which were prepared and

develcped at JAERI, ar{d remakable issues about the conceptual study of accelerator

transmutation at JAERI are briefly described.

(Keywords) OMEGA, TRU, spallation, transmutation, proton, neutron, suberitical core,
target, proton accelerator, high energy fission, fast fission,

neutron transport, Monte Carlio method
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Table 1 Design

Coolant

Proton energy

Core : length
height
width

Target length

(tungsten) height
width

Reflecter:
thicness

Fuel composition

parame¢ters

Pb—-—Bi

" I 4
- o o o o o
o O o o o o m
IS

9]
3 8 8 8 8 38

stainless steel

20 cm
Np—15Pu—302r
AmCm=-=35Pu—10%Y

bond N a
cladding HT—- 9 steel
slug dia. 4 mm
clad. dia. 5. 22 mm
clad. thickness - 0. 3 mm
pin length 100 c¢m
Table 2 Performance o f the system

Coclant N a Pb—-—Bi
Effective multipli. factor 0. 92 0. 86
TRU inventory (kg) 2866 2013
Beam current {mA) 22. 6 7. 5
TRU transmutation (kg/year) 20 2 139

1l GWe LWR unit 7. 6 _ 5. 3
Etectric power gener.(MWe) 230 75
Accelerator elec. power (MWe) 6 8 23
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Fig. 5 Code system for analyzing the proton-induced taransmutation system
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Fig. 8 Accelerator {arget-core hybrid transmutation plant
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o % I (ERATETHEEER

T KR F o VEE(JHP) CH LINACT1GeV, 400pARET ¥ — A &MNEL .,
B v CYEL Y - ABMBECIT LRERT V- FRE- LT 2. €
C ADAFERATABEFRS ~4y AT -V a v, ¥— A5 YT TRERGERE
ERASUEIL L D, KEARERIAMELED S, Ldto CERKFTIITRZBR) G
PICiT R bR LLENH L,
%?E~AK$%2&@@%@%&&Hmmms:—va%Aw%vl—Wfﬁé
HETC-KFA-2F »F# A0 a— Fitko TRET B EXFTRTSH bo £0OMEEFD
D77, 590MeViEF % v 7zCierjacks ®Raupp b D# w4 — 7 v FREWY 7 ¥

oty Mo ST ERE DRV F Y — 7S EET VB L THiz, 10MeVELT O

@1%»#—%@?@W%u;<—ﬁbtﬁ\%1$»¥—ﬁﬁfm%%@ﬁ%%ﬁu
LRI A AR L. B EE 290 FM Tk, B & E60ET BOFEE L
HEME & HxTfE T B L 72, :

Byviay sz ) — b EESERNO2RPIET EHE ¢ HERMES £ ANISN#i 2518 2
C FOTHEAB Tl » Thizo ANISNEHE O FHEVRIIEM LR L2 WE
HEACWIEEDIRET—R L 7,

Japanese Hadron Project and its Shielding Design

Yoshitomo Uwamino{INS, Univ. of Tokyo}

Summary: In the Japanese Hadron Project(JHP), a 1-GeV 400-pA proton
beam will be handled, and the radiation shield of the facility will be very
massive concrete and iron lump. Since the constructing cost is strongly
affected by the shielding design, the design must be severely performed.

' The neutron yield in targets and beam dump was calculated by a Monte
Carlo code, HETC-KFA-2, which is a module of the HERMES code system.
For the evaluation of the calculational accuracy, a calculational results were
compared with data measured by Cierjacks and Raupp using 590 MeV
protons. The calculated result of heavy element agreed well with the
experiment at a low energy region, E,<10 MeV. The calculated angular
distribution of high energy neutrons, however, have stronger forwardness
than the measurement. The measured neutron yield (E,>100 MeV) of 90 deg
close to the calculated one of about 60 deg in the absolute value.
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The high energy neutron transport in thick iron and concrete slabs was
calculated with the HETC code and also with the ANISN code: The
difference of the shielding lengths was smaller than 6% for the both iron
and concrete cases.

Key words: Japanese Hadron Project, shielding, HERMES , HETC, ANISN
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K# N Fa v5 (Japanese Hadron Project, JHP) Tlt, KRB/ Fo rilE
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) ¥—bflE) v (2 v Ty —- - AbbyFav—-Yry)

3) thFEEMZH (Meson7 L — 1) '

4) HHFERER (Neutron7 V—7)

5) NEFEEA + ¥ EBREIR (Exotic nuclei7 L —F)

TALIEL A AF—HEEIFER (KEK) BHEEEAK, BICRT L5 CEES R
%, JHPIC X, KEKICELFE D 12GeV-PSE* AW T ER¥47% ) Kaon7 L —F DEEK b
SENDH, TOMETREDLEV,

BF) =7 v 23, BB ALY LEUREH) OMELF NV F - CHARET O
PEBEL 72 1) . BOkeVOH A 4 i, SMeVDORFQAE!, 150MeVD T M/NLEL 1GeV
DEESEFE ) =T v s PR E NG, Vo7 v 7 EAKMEY - AQMIMRIELTE
D, 1GeVETHET 2 LWL oTE—ADLI Y §F VAIPSL bHDTHVEE
TCHREO) v IICAG S E D I EWARICR S,
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OIfge., =a— Y 0L ARERMEEHOIR L EREALATZ)e -
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TMIZm L, §E AT, A VIV AL T VYL, SEORETHERIEMSTEIER O
AlEE L TWE, COF—FIHHETC-KFA— 22— FONY F3— 75 HICEL TS
h. HETCZ— F2RAWTHENR I LM CEEET oo/ RELTNVIZT
A OWTRERBREOI F A T a v ERL, £ L DEWHEHEICOWTRE
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Table 1 Calculational conditions for neutron yield estimation at thin targets.

Element Density Thickness Atomic Densities Number of Histories
8C 2.20 g/cm?® 5.40 mm 12C : 1.10x10%3 /em® 8.0x10°
13A] 2.71 5.58 27Al : 6.05x1022 8.0x108
26re 7.86 3.93 54Fe : 4.92x102! 5.3x10°
56Fe : 7.99x1022
49In 7.31 5.13 113[n ; 1.65x10%! 4.4x108
118In : 3.67x10%2
82ph 11.34 4.40 206ph : 8.42x102! 3.5x106

207pp @ 7.29x102!
208pp : 1,73x102%2

ATwd, 10MeVEL T O 3L F—hEF IS T 2HOBREFEICRV—EEZR
LT At EMEAEE B v —BBE 2D, HICREDIOEDNT —F TK
5 AVES, REDIOM & 150 NERE T 4Me VAR T T £ 5L BB I
SL. TMeVIHEIC/AS R ENFREL D, REO LI 2BVETE, HHHER
BT ANRS FUOEME % D R2EH, 8 SO L) R HENECETO—FE R,
B LR MF— (E,>100MeV) FEETHEEERERBECESTEIN
(L ERIEOHFHEMICESTEINVRVEAEZROENDNSH L, T2 HHI0ED
=TT OREMII60E S S 80EN M OFEEII V.
EEOTIVIZOA, B, A Y a, HI3T S, 0—10MeV, 10— 100MeV,
100MeVELED3 0D RICHT - PHFAERO AESH L HS R L, BRICL
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Fig. 9 Calculated dose equivalent attenuation of high energy neutrons
(En>14.9 MeV) in a 8 m thick ordinary concrete slab. The source was the
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Calculation of High Energy Electron-Photon Cascade
Hideo Hirayama
(KEK, National Laboratory for High Energy Physics)

Summary; Above a few ten-th MeV, electrons or photons produce electro-magnetic
cascade inside a medium with decreasing their average energy and are finally
absorbed in the form of heat. Movements of electrons can be neglected in the photon
transport calculation at low energy regions. However, electron transports must be
treated precisely in the energy region above a few ten-th MeV. Due to the dif-
ficulties of treatments of electron transports, Monte Calro Method is commonly used
in the electro-magnetic cascade. There are two general purpose electro-magnetic
cascade code systems that are widely used in the world. One is ETRAN and the other
is EGS. ETRAN was developed to simulate low-energy electrons and extended to
high-energy regions. On the other hand, EGS system was developed for high-energy
experiments and extended to lower energy regicns. In this paper, I want to explain
" the treatment of electrons or positrons in EGS4, which is the newest version of the

EGS code system,together with the applications of the EGS4 code to various fields.

Keywords: electro-magnetic cascade, EGS4, ETRAN, electrons, photons
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Fig. 1 Shower produced in 5.6 cm Pb target struck by a single 100 GeV
electron. Charged particl and photon tracks having a kinetic energy

above 100 keV are depicted as solid and dotted lines, respectively.
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NT 5.

2. BEHAY— FEE - FORRK

e RO BAES N B A AT — REED — FICige 205505, IRBOEHE
T Fr LTS RECHEENTWAE Y FHNIFEDI—FE UTRETRAN® R3
(for Electron TRANsport)D Y AFALEEGS VAT AKXKANTHI LN TE D, A&, 7
2 HONBSKEBWTYMEMe VI TOEFOMBELFETZI-FE UTEONLET
RANAR—A LTHEL A VEF S CHRENTELVATLTHS, SGRIDOENET
BLALE DR R ED S, BIOLERILAFL LTERORKARE THRTED
Coudsmit and Saunderson AMiE{H-TWAHECRONALS KELFNVF—OBTF - XTFOD
ﬁﬁw%&%éﬁUEﬁtﬂmT%i5@91?bmmofw%uEE\@%?ﬂzﬁ?ﬁﬁ
PARBZER LD L LTHEPATWAHEHILRS NARIKE T A NF —{HE DI =T
S THETREAEY TS, ETRANE, #HHENWBERICL->TZTRAN, CYL
TRANZRE-=I— FAESNTE A5, Sandia National Laboratory WKBWTINSG
D—EDT— KA BERBESEE VAT AL LTI TS VAT b(Integrated TIGER Series)'
ML NI, ITSYAFAIRED . I—-FRENKIG TR IL2INETINT L
BRI EETEA LI, ITSYAF AR, TIGER (1%m) . CYLTRAN
(2w) . ACCEPT (3%5%) EWHEhFNRLLET Uy S L EEBT S22/
— YR BRTBEEEAERAR VAT LTH S,

—7. EGS (Electron Gamma Shower) VAT A, H1IFRIRTEIIZ, SLACKS
NWTEZ ALY —EHRICEATAHEEEE LT SHWER I— FER-ALHERINTEED
OTHS, 197 8EICECS3MNT=a7l (SLAC-210) ¢ LEXAHAINTSS
it Medical Physics (7M¥F® Synchrotron Radiation R {EFET MM THEMT NLHHEIC
RO FNICEHRWIANF-THEETFLERMEZD . Y OB REHETEG
SAMESNT, EGSAOMBRE4AETHNT 2. FREINFYETERT LIS
HBEMELTWEIEME, BT FAF—BF  RFOMREI DN TR, —ERRS Nz LR
WASTE L 2 AR O L A N F -HELRBFLHESTAREANKIN TN S, '
EVF U — FIFVECEERZI R TWEZWAS, Discrete Ordinate {EIC L BHEF +
FifiEHE - FAEeRTETHS, °°
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Table 1 Histeory of EGS4
Period Programme Language Authors
1963~1985 SHOWERL FORTRAN Nagel
1968 SHOWERZ FORTRAN Nicoli
1367~1972  SHOWER3/PREPRC FORTRAN Ryder,Talwar
(PREPRO-->pre-processing) and Nelson
1970~1972 SHOWER4/SHINP FORTRAN Ford
(SHINP-->SHOWER input)
1974 EGSI/PEGSI FORTRAN Ford and Nelson
(PEGS—>Processor for EGS) '
1975 EGS2/PEGS2 MORTRANZ Ford and Nelson
1976~1977 EGS3/PEGS3 MORTRANZ Ford and Nelson
(SLAC-210)
1982~-1985 EGS4/PEGS4 MORTRAN3 Nelson, Hirayama
(SLAC-265) | and Rogers

3. MEH A e FEME 71— RO BT~ 2 A

SUNRARIEL S, BT ANF—BF  HFIC Lo THEUDEHH A 7 — FRETHATE
OEZEHET2HE10E. B AUF—RTOHETRER L TELET  BEFOHZEL
FhLH AR ZR Lz diz sy, BERIILE,

a.
b.
c.
d.

2.

bremsstrahlung

interaction

positron annihilation in flight and at rest
multiple scattering

Mgller{e e ) and Bhabha(e*e”) scattering
continuous energy loss applied to charged-particle tracks between discrete

MNEREDTH2, DR BEFHIHEFL2UL L EZCIRTEPHEE L S5EO7 -1
VEEFLTEOAAEEA TN, 2OLHREENE. A VF—ME< 2 2BEETHD

M.

WS & —ARENC F QEEDSIERICE W D2 ORELR R D < EIERICEEL <.

BN AT —F I — FTBLZREFTMVICESSESERELFAICE D BEEOHMERITSDOM—

40—
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MUTH D, DENEAMEE LT, ET RANATIH Goudsmit-Saunderson D, EGS A
F AT Molidre OFEHRIABMEHZATWS, ZhbDOAHEEDLETOIENL
IZoWTH. XEE T @ Berger FORXICTLHHNATWS, d OHBELICEDRELLET
M S-ray T. £ UFAINUEFETRE RRETE UTEBE WBH2 D, THRERYEN
LHNE—D §-ray EFTCWHOENLE LWL, B EHFEEOBEETHRELEIY PTT XA
w#—uTwc%my%Eﬁ?%ﬂﬂ&%%@%ﬂt@ﬁ;iW$wﬁ%%ﬁﬁt@¢%k%
F BEEFORE P SBEIEI L AL F—EBREHET 0N HNTHD., TORITEA
XhDHOM, e OEFEIFVE—IBRETNTH D, HIHEEIC DV TR, B7 BRXSES N
TWaM, X 7 O Berger DRI ELHHNTND, INHOETF - BET ORI
AT, WO X IREFORIBICE > TEMY A7 — FHFEL. BELTW,

f. pair production

g. Compton scattering

h. coherent (Rayleigh) scattering

i. photoelectric effect
TV TR UBEL . BEEEHETFEOHELES AR W, b OB EELEERE LT
S VR L L F —SE TR E FORBHEAEE LR ER R, el KHE
AT RS I X B ORE I DWTIHL. BRI A/ — FICZFAEBRE S ni, Ex
ANFE—RFORHBEILBWTHEDAILNULETH S,

HEETOINS0NESEE BRI RSEOICEGS 4Ty a3 b~ a vy LEERBDH%
H2EITRT . S 2EiE, 100 MeV OBEFHL 0.82em D Ta ¥—7 v MIAFI L 2OET
CBRBFORGE ST, KFORPE AR T Oy FLEDOTHD, AFLEBTHE, a
ST Moller BiELick D &-ray #ERLTWS, EHEARE §-ray RANF—AHEND
THEBEICED BEALARNEIANE -EK-TnE, BRI NF—L LTRRENS.
AEIETIE. b AAUTHEOHENES 2 EM LEDHE ¢, d STHHIBESZER LD
IALF—FkoTNE, B d AEETREENTWS, b AR TER L& BTHE
. e, f ETETR BEFHEERTS, e ATERLEBEFHE ¢ ST HEL T2 20
0.511 MeV yEZZo TS, —A. f ETEFIEBEFRFERGLC LD HHEEARN
5L VF—FEnDD, KRBT T TS, X, d MBS TER U FIPERIT 0 F1E
| ETavT P UBELERTI LTW3, Zofihs, HERCHEOATOEREREO L )V
FeARY P APWERTOLINEF R OWTOEREEDL B, RFETTR
B BETFCHETAERPELIENEETED I LNL S,
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100 MeV electron

2 ¥o (0.82 cm) Ta

Fig. 1 Shower produced in 0.82 cm Ta target struck by a single 100 MHeV
electron. Charged particl and photon tracks are depicted as solid

and dotted lines, respectively.

4. EGS 43~ FYATLDEE

%2$Tﬁﬂkiﬁﬁ\EGS4H—FMEGSB%@I$W¥~ﬁEiT%ﬁ?6%%E
BT B ENEEQS VAF LORFIN-Va v ThHd, BIBTENLEEF BEFHD
WHNETCET A EESETRTIRDS J LM TES, EGS 43~ FYAT AQOERRREIE
KDEHRETHD, 28

1. BY. BETFHIVENTOMESE =1 M5 100E TOEROTLHR. LAY, Ramic

oW T YR Ib-vavTRIENTESD,

2. FETALF - EERABN TR, BT A VE - TEtkeV 2 OEF GV, JETO

BE R keVin HRLT GeV T3 3.
3. EGS 4 ¥ AF AlE. MORTRANS L IFiEh % FORTRAN preprocessor THMN TS,
4. EGS A THERTAEMESOF— s (WEE. %) SPEGS4 TFORELT

c— 42 =
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B,
5.%%b&5&1%%%@%ﬁ@HMMRa@@nalgﬁ®§<viw—%y?&®6n
%, BEHENL" FE” . HET . VR FonwliR, YTV —FUYBLT

MORTRAN 7 7 1@ TIREE T WD, MORSE-—-CGT{#ERAERTWS Combinaterial
geomety Z{EET AHL WAL TH D, WiHD BB QML HWFAR TERLOHRES
BELHEICLNTAERTHS,
6. ZL—HHEEVEIRIE. AUSCAB 2IEEND I —FRHEL BT IV—F VIidERI N,
7. FRETRROERRNL.
a) BY. BEF. LT EHEAR° OFBECHE-TRETS 2 BOv#F
b) B—r 3 ¥ — F T R F 400 & F o FZHRIR
¢) — S B EN TR - RIS D EE 2304 L R
Mol ENHED, CHEOBINENRE. 1—FhAL VT TSARES
TOESIZEGS 41 4V Ty FF— ST L 0ONIRME. KEOFARS HIERE RO B0
TR < B3R T L DI, MAIN Programme, HOWFAR GGEEF L TWA¥FOMUET 2
3% (REGIONY) %3ET 5 Geom-etry Subroutine) & AUSGAB (EG S 472 5E6NDHEEED
—FONE 4 BIEK i8R HSubroutine) M 5% % TUSER CODEy %fEZHICLDEEOH
ML 3 BIEEEELEE WS VAT AICR>TWD, MAIN Programe TH. PEGS 4 TES
N7 Media Data #FEHE D EGS 4 THEATEDHFICEMHT 2 Subroutine HATCH %CALLL
F 1. BT ORIHASRERERE LSubroutine SHOWER % CALLY %, Geometry OF x v 27 S
L7 HENC. HOWFAR A5 CALL ¥ 13, a3l —Ya vERBHTFHE, Stack Number (NP)
T E N, Stack Number DA E WHIFMSIEBIBH AN B, MEMMIC L DR FOHEN
18 7 7= 48211k, NP=NP+1 & L. #7 L\ Stack Number & FNF ~ QNS WHIFICEID 5
Toh3, KT0BH% o -EE (Discard) BAICIK. NP=NP-1& L, # L\ NP & Stack
Number ¥ L CHEORTARICEIFE NS, Discard RO & SRBEICHET 5.
AT ALF-MPEGSA TRELEAY T ZHRLF - LDhEL 2oima (BCUT
Discard)
AT ALE-MPEGSATRELENY M7 HNF - IDIAE WY, USER CODE
THREENEEGSHY FA T T ANEF—LNNELizofzF  (ECUT Discard)
CRITFAMAROMCH SO BE T - HERET 5556 (USER Discard)
v RY —OBRYTE. b=l THHOT NP=1 ORiFH Discard SNEHHATEA R DS
BTTHI RS,
AUSGAB I, 1R#E T
a. HITHBEH T 3.,
b. ECUT-Discard AS#E4E L 7=l
¢. PCUT-Discard 234 L 7= 5
d. USER-Discard AFei L /=6F
e. Photo-electric Effect MSFAE L /-0F
COBCALL XABM. L FASELTBEAIE. FIAG 0¥y FEVEGS4 TH- T



JAERI—M 91—015

User [nformeation
Control " Exlracied
Data Fram Shower
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(1]
-
MAIN tHOWFAR AUSGAB 1 | o
o
3 F rcﬂ
¥ F m
a
HATCH SHOWER | ELECTR PHCTON o
. S
L / 1 m
S
Medio
Oala MSCAT
[PEGS)
H ANNIH | [ COMPT ]
Block eHaBHAH H PaIR |+
Doto
{Default)
wIMoLLERH | [PHOTO ]+
BREMS
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Fig. 3 Flow Control with User using EGS

VBT RTOYEARORIE T CALLY 52 L 23RS,

WFOBSIE. RGEE TR NF —2EZ 5B IBEITLHMN, HERFIIOWTHEE
IS LA NF B L S EHELIC L B AROEABRE L 20262, EGS4T
. HENTFOTES Volisre MEMEATEEREVWAT Y TKSEIL. AT YT THEL
NEEBOMELT75, PEGSATRELENY 722 NF LT 2RKEFPHTH
KT LTHRLTI. BIE LTRIECS® S, WEHTOBIICHEIMH DT
NE TG, BEXAERELROBICLD S oS, JhRKTFOBEIIHD =2
OVFE—FEMH Y ARHE LEBOEETE S, BEE. ZOHETEZ RN —{F5ERKD
BEMUKD, EFCHVHBRCH AR TOL R NF —(FE5OBEIE R NF {5050
ENH AN Bz 20T $DE-FLUCTUATION k5 MORTRAN v 7 QitiZ=¥ 504 (f
Z4E. Landau 7M6) EHARBAFEICHE- IR NF([FEERDB LI THEDHRS,

— I — AN 5/ CUSER CODE 2B e LWOT, SLAC-265
O3 EENZNT VDN DM USER CODE O fl% Bz L TEMICK U7z USER CODE %3
CHMBEW, (BIETHMNINTND USER CODE HETEGS4 VATFLD—HIE LT
Distribution Tape o ANL&ERT WD, )
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h. EGS 4 DA

5.1 Electromagnetic Calorimeter MEXET

WL ANVF BT BELE2HNFOLANF—RBHIa) A—F &> THES N,
HOY A—FIHEHWBARY A THHZMN, WIRDBESHEOI F VX —DHFELERRNE
BED—oTH5, THED (BF. BET. XF) Hosnay A—% & L Tlead-glass Drift
Calorimeter MIFEICEGS 4 %GB U AGIEENA TS, Hu) A—FiE. F4RKIIFTL
FaAVN—FOREETHRAIAOHEMER THAHAOH AFERP6R->TD, §
CEX, FE AERUTAEREATI AV F—HRELE~T, 10 GeV OEFHHE 10
m, EX 1, HAE | atn T, 2445 16 ke QREZDATY A-FIZABL 2 L 536
FlEESRICTRY., JITELNEERSHOLMND IAS L-BFEOREIA S —FD
fractuation T®H3,
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Fig. 4 Over schematic of the high Fig. 5 Distribution of energy deposition
density drift calorimeter in gas regions for 10 GeV incident
with lead glass radiator electrons (15 Xe/10mm/1mm/1 atm).

(drift tube) structure and

wire chamber readout.
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B, CHOOPEEETY | m CEE LTHEEEA LSS ICOWTHE6HITRT, Landau
DA EETEHEICL D IR NF —ARETEL 2 2H1, BOBORMEIZ LD ARRESRE R
STNBIEIND, BFOIANF &L 2D L, REBOEENEWBEITE. BAD
LHOLNIMREIICAZLEEEEA5, bNOEE L SEEOMFERRALERMETRIC
TENTWS, 2OATY A —FOBEICE, BANe0EAM % UTFTHUT. T3 LF
_SMREE AT R~ -1/2 TICHHIT BT LB,
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Fig. § Fractional energy resolution Fig. 7 Energy resolution as a function

as a function of the inmer of energy that leaks out the back
diameter of the tubes(1GeV/ of the detector for 1 GeV and 10

15Xa/1mm wall/1 atm.), for GeV incident electrons(10mm/lmm/

various combinations of track _ 10 atm.).

length restriction and Landau

sampling.
5.2 RyruavryrZ b ABETFERY -7y FOikE

ELANF B LBBETFERNRE., BF BEFEEEOR AT, B8
FREETD Y70 b a v EEHEER P AR BEFRLELTS TRV YT 7 7 b
J )R ESTBERNSA—YTHD, Bio. RV bav 774 b)) TRASEFOREIME
WESBICY =7y NOBENNETHEDTY =4 v I TORBIEO B FIED FEME
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EREMSE U THUT., TRIEF—% 200 MeVic B2 X D BREEMT 2 HARENTH
BENHD, N ¥—Fy FOBESEEEICOWTIRI S THE L ERFE TR 2 % (radi-
ation length) JEDTERMENBAL 23, BRI HFEATRERBEETE. ¥—7 v T
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Table 2 Absorbed energy fraction at surface and i cm depth of

water phantom behind 5-mfp thick shielding material

followed with 10 cm air region.

Absorbed energy fractien

Waterial Position Photon energy Forward photons Backscattered Charged
photons particles
Yater Surface 0.1 HeV Q0.55+0.03 0.424+0. 03 0.031+0. 01
(0-0.1cm) [.0 KeV $.5540.03 S 0.23+0.02 0. 224002
i0. 0 NeV 0. 114+0.01 0. 06 0. 004 0.834+0. 04
l cm 0.1 NeV 0. 56+ 0. 03 0.444+0.02 ------
(l-1.1lem) 1.0 NeY 0.7940. 04 0.21%&0.08 -m----
10. 0 HeV 0. 5540. 06 0. 0B£0. 0 (.3930. 03
Concrete Surface 0.1 ¥eV 0. 5640. 03 (.3040 02 0. 0540. 0}
(0-0.lem} . 1.6 HeV 05740 04 0. 1940, 01 | 0. 240 02
10. 0 NeV 0.12+0.02 0. 05+0. 004 0.83£0.02
| em 0.1 Ne¥ 0. 584:0. 03 0.41+0.03 ------
(i-L.lem) 1-0 Ke¥ 0. 8140.04 0.194+0.01 ooTmmmes
10.0 Ke¥ 0. 554£0. 03 0.06£0. 0l 0. 39:40. 02
Iron Surface 0.1 HeV 0.6249. 04 0. 33£0.02 0.0540.02
(0-0.1cm) 1.6 NeV 0. 6440 05 ¢ 16:4:0. 1 0.2040. 03
10. 0 NeV 0. 154001 (. 04£0.003 0. 8140 04
1 ¢n 0.1 MeV 0.58+40. 04 0.42£0.03  ------
(l-1.lem) 1. 0 NeV 0.81£0.04 0. 19+%G0¢  ------
i0. 0 NeV 0. 55+0. 02 0. 06:£0. 01 0. 36+£0- 01
Lead Surface b1 MeV 0. 67+0. 05 0.314+0 03 0. 0210 01
(0-0.1lcm)} [.0 Mev 0.43+0. 03 0. 11 £0. 0l 0.45+0. 04
10.0 NeV 0. 1440. 02 0. 0340 002 0.82£0.03
i cm 0.1 #eV 0. 58 £ 9. 04 0.42£0.04  -eeees
(1-1.1lcm) [.0 HeV 0. 864 0. 00 0. l4+0.02 +-----
10. ¢ HeV 0.58:40.03 0. 0640 01 0,360 02
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Hadronic shower codes for the designing of
detectors for the high energy physics experiments

Makoto Asai (Hiroshima Institute of Technology)

Detectors for the high energy physics experiments consist of tracker to measure
the momentum, calorimeter to measure the energy, and muon detector to identify
muon, for each elementa;y particle of the event, The hadronic shower codes and
their applications to design these detectors are introduced.

Especially for the designing of a calorimeter, the high speed hadronic shower code
is essential. The detailed simulation codes for the designings of the SDC dctector,
which we are proposing for the SSC (Superconducting Super Collider) experiment,

are presented.

Keywords : High energy physics, Superconducting Super Collider, Shower

simulation, GEANT, ‘GHEISHA, Parametrization of shower shape
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b = Fitted parameter
a=blog (E/Eical )
z = longitudinal distance

Xy = Radiation length
E = Incident particle energy

E =0.55/Z (in GeV)

critical
Z = Atomic number

k = normalization constant
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a,b,c,d = Fitted parameter
z = longitudinal distance
Xg = Radiation length

A = Absorption length

k = normalization constant
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Fig.2 An example event of the SDC central tracker. Upper figure is the simulated

eventand the lowerview is the hit pattern of the calimbers.
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Fig.3 An example of the hadronic shower generated by GEANT / GHEISHA,
100GeV/c pion came inte the model Liquid Argon / Pb sampling calorimeter.
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with cur parametrized shower simulation. Energy deposition vs. longitudinal depth in
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6. Activities of the Radiation Shielding Inf ormation
Center and a Report on Codes /" Data for High
Energy Radiation Transport

Robert W.Roussin
Radiation Shielding Information Center

Oak Ridge National Laboratory®

1t is my great honor to have been invited to attend this 6th Seminar on Software Development
in Nuclear Energy Research. The great hospitality you have provided to other RSIC staff members
Betty Maskewitz, David Trubey, John White, and Bernadette Kirk on past visits to the Japan Atomic

Energy Research Institute is acknowledged and appreciated very much.

The presentation and paper will focus on the long-standing and beneficiai relationship between
the Radiation Shielding Information Center (RSIC) and numerous organizations in Japan. It will also
stress the activities of RSIC related to computer code and data library packages useful for high energy

radiation transport.

There has been a strong collaboration between RSIC and the radiation transport community in
Japan. We have had many visits from Japanese scientists and engineers over the years and RSIC has
provided technical resources to help solve radiation transport problems. Likewise, the contributions
from Japan to RSIC, particularly in more recent years, have been notable. It has been a mutually

beneficial relationship that RSIC will continue to encourage and support.

From the very early days in its history RSIC has been involved with high energy radiation
transport. The National Aeronautics and Space Administration was an early sponsor of RSIC until
the completion of the Apollo Moon Exploration Program. In addition, the intranuclear cascade work
of Bertini at Oak Ridge National Laboratory provided valuable resources which were made available
through RSIC. Over the years, RSIC has had interactions with many of the developers of high
energy radiation transport computing technology and data libraries and has been able to collect and

disseminate this technology. The current status of this technology will be reviewed and prospects for

new advancements will be examined.

“Managed by Martin Marietta Energy Systems, Inc, under contract DE-AC05-840R21400 with the

U.S. DCPﬁrtmeﬂt Of Enefgy. “The submitted menuscript has  boen
aythorad by 8 contrector of the U5,
Gavarnment  under contract No, DE-
ACO5-B4CR2 1400. Accordingly, the U.S.
Gavernmant ratains L] nonaxclusive,
rayalty-froe ficenss to publish of reproduce
the pubiished form of this contribution, or
allow others to do so, for U.S. Governrment
purposas.”
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INTRODUCTION

Technology for radiation transport is available from the Radiation Shielding Information Center
(RSIC) at Oak Ridge National Laboratory. Radiation transport practitioners in Japan have utilized
the technology available from RSIC for many years and have contributed technology as well. The
relationship is strong and mutually beneficial. RSIC, its relationship with the radiation transport
community in Japan, and the technology for high energy analyses are reviewed in the following

sections.

RADIATION SHIELDING INFORMATION CENTER (RSIC)

RSIC is embedded in the Engineering Physics and Mathematics Division at Oak Ridge Naticnal
Laboratory. That Division is noted for its role as a leader in the development of radiation transport
technology throughout the years. It is very beneficial for RSIC to be located within such an
organization so that staff members have close proximity to these major developments and the transfer
af such technology is enhanced by a climate of close cooperation.

In practice, RSIC is an information analysis center foilowing the concepts suggested by Alvin
Weinberg in 1963 [1]. It is sfaffed by scientists, engineers, computer specialists, and support
personnel. While being physically located at ORNL, it is embedded in the national research and
development of its sponsors and interacts dynamically with contributors and users. Computing
technology in its area of coverage has always been treated as valid technical information subject to
critical examination and continuing improvement through usage.

The radiation transport needs of several communities are served by RSIC. It was founded in 1962
by the U. S. Atomic Energy Commission to provide support [or its reactor research programs. The
Defense Nuclear Agency joined in sponsorship in 1964 and the National Aeronautics and Space
Administration (NASA) a little later as the Apollo Program grew. Over the years the scope of RSIC
has broadened to include radiation transport [rom nuclear weapons, radioisotopes, accelerators, fusion
reactors, nuclear waste, and both natural and man-made radiation in space. Current sponsors include
the U. S. Department of Energy (Nuclear Energy, Fusion, Military, Waste Management), Defense
Nuclear Agency, and the Nuclear Regulatory Commission.

In-depth coverage is provided for many radiation transport topics including:

Atmospheric dispersion and environmental dose
Criticality safety
Radiation production and sources

" Radiation protection and shieiding
Radiation detectors and measurements
Shield, storage and shipping cask design
Radiation waste management

Radiological safety and assessment
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RSIC serves as the focus of radiation transport activities. - Staff members answer technical
inquiries about radiation transport problems. They pac.kage and disscrninate pertinent computing
technology and appropriate data libraries. Radiation transport literature is reviewed, indexed, and
placed in a data base for subsequent search and retrieval upon demand. Bibliographies and review
reports are published and seminar-workshops on computing methods and code sysfems are conducted.
All activity is reported to the radiation transport community via a monthly RSIC Newsletter.
Special activitics, primarily in the area of processed data library generation, are also undertaken by
the staff in response to community and sponsor needs.

Valuable technology products are packaged and disseminated by RSIC. The Computer Code
Collection {CCC) [2} contains over 550 radiation transport calculational systems. The collection
of codes peripheral to the actual transport calculation, the Peripheral Shielding Routines (PSR)
(3], contains over 280 entries. The Data Library Collection (DLC) [4], has over 140 packages.
The literature data base (SARIS) [5] contains over 19,000 citations. The RSIC Newsletter is
mailed to about 1500 registrants from all over the world.

A new user may find that an RSIC staff member will be a collaborator throughout various stages
of a projéct. A problem posed by letter or phone may be discussed for advice on method of solution
(a literature search may be pérformed). The requestor can be provided with appropriate computer
codes and data libraries applicable to the task and given guidance on the interpretation of preliminary
results. User experience often results in improvements to method or data. These updates.to the
‘technology as well as results of the research are often fed back into the RSIC collections.

RSIC also collaborates and exchanges technology with other organizations, both domestic and
international. meeslic institutions include the National Energy Software Center (ANL), The
National Nuclear Data Center (BNL), the U. S. Cross Section Evaluation Working Group {CSEWG),
Radiation Protection and Shielding Standards (ANS-6), and Mathematics and Computing Standards

(ANS-10).

INTERNATIONAL COLLABORATION

International organizations with which RSIC collaborates include the OECD Nuclear Energy
Agency Data Bank (NEA DB), the Japanesc Nuclear Energy Data Center (NEDAC), and the
International Atomic Energy Agency Nuclear Data Section (NDS).

RSIC engages in international information exchange via bilateral and internationai agency
exchange agreements negotiated by its sponsors. Where no agreement exists, RSIC is advised by its
financial sponsors through contract monitors or special organizational units established to deal with

such matters.

In general, RSIC is authorized to engage in international exchange on a reciprocal exchange basis.
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RSIC INTERACTIONS WITH THE
RADIATION TRANSPORT COMMUNITY IN JAPAN

Staff members of RSIC have made a number of visits to Japan starting with Dave Trubey in 1979.
The visit by Betty Maskewitz in 1980 was significant in that numerous facilities were visited. Betty,
who was RSIC Director at that time, was given assurance that radiation transport technology
developed in Japan would be freely exchanged. We have found that that pledge has been kept over
the years.

Betty and Dave also visited Japan on the occasion of the 6th International Conference on
Radiation Shielding in Tokyo in 1983. John White, our Data Coordinator, visited Osaka University
and the Tokai Establishment of JAERI in 1989 and Bernadette Kirk was a guest of NEDAC in 1990
to attend the SNC '90 Conference on Supercomputing.

RSIC has strong ties with the radiation transport community in Japan. We have in recent years
been contacted by representatives of some 75 organizations to obtain information and/or register with
the Center. Japanese analysts have been provided with many services over the years but they have
also been strong contributors to RSIC. Table 1 lists some of the installations which have contributed
technology to RSIC. Specific contributions to the Computer Code Coilection, the Peripheral -
Shielding Routines, and the Data Library Collection are shown in Tables 2, 3, and 4, respectively, We
have received 13 packages which are still in process and have requested 14 others. The level of

interaction is very high and the contributions from Japan are significant.
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Table 1 Some Installations in Japan

Which Have Contributed Technology to RSIC

Table 2 Contributions to the

Computer Code Collection from Yapan

Century Research Corporation

Hitachi Energy Research Laboratory
Hitachi Works of Hitachi, Ltd.

Japan Atomic Energy Research Institute
Kawasaki Heavy Industries

Kyoto University

Kyushu University

Mitsubishi Atomic Power Industries
Okayama University

Power Reactor & Nuclear Fuel Development
Radiation Center of Osaka Prefecture
Ship Research Institute

Tohoku University

Tokyo Institute of Technology
University of Tokyo

Table 3  Contributions to the
Peripheral Shielding Routines from Japan

PSR-31/ELIESE
PSR-39/REFUM
PSR-84/BOB
PSR-85/NAISAP
PSR-101/HYPERMET
PSR-111/APPLE
PSR-115/SUPERTOG JR
PSR-116/GAMLEG JR
PSR-144/ALPS
PSR-150/NESPEC
PSR-153/LOOM-P
PSR-163/TIMS-1
PSR-177/NEUPAC
PSR-181/DORGLIB
PSR-202/MCVIEW
PSR-215/RESENDD
PSR-218/ALARM-B2
PSR-224/PREM
PSR-232/MARTHA
PSR-244/SLAROM
PSR-249/REFERDOU
PSR-250/CRECTIS
PSR-257/ACAT
PSR-276/THRUSH

CCC-87/LG-H
CCC-209/DOT 1L
CCC-221/SLDN
CCC-232/)CYGNUS-C
CCC-300/RADHEAT-V3
CCC-318/RASC-2D
CCC-338/PURSE
CCC-342/FEMRZ
CCC-349/MEDUSA-PIJ
CCC-354/ACRO
CCC-356/PLUMEX
CCC-362/TRD-3
CCC-370/DCHAIN
CCC-380/PALLAS-1D(VII)
CCC-386/FPGAM
CCC-391/PALLAS-2DCY-FX
CCC-399/ORIGEN-JR
CCC-410/THIDA-2
CCC-411/EFDOS
CCC-425/MADONNA
CCC-430/EDMULT 2.1
CCC-435MCRTOF
CCC-436/KENO-IV/CRC
CCC-441/MMCR-2
CCC-464/BISON 1.5
CCC-482/SMART/MANYCASK
CCC-492/MULTI-KENO2
CCC-493/QAD-CGGP
CCC-494/G33-GP
CCC-501/SUSD
CCC-505/MEDUSA-IB
CCC-507/SPEEDI
CCC-511/TRISTAN
CCC-513/MKENO-DAR
CCC-535/MORSE-CV

Table 4 Contribulions to the

Data Library Colleclion from Japan

DLC-51/ISD-100
DLC-70/JENDL
DLC-78/JIMCOF
DLC-92/GICX40
DLC-111/JFS
DLC-118/MGCLIB
DLC-12Z/JENDL?2
DLC-123/DDXLIB
DLC-129/ANS 6.4.3
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HIGH ENERGY RADIATION TRANSPORT Table 5 Capsule Review Keywords to
RSIC has a long history of involvement with high L9cntily CCCs for High Energy Radiation
. Transport
energy radiation transport. We were led into this arca
through our early sponsorship from NASA in the late BEAM TRANSPORT
1960s. As the successful Apollo moon landing program BREMSSTRAHLUNG
CHARGED PARTICLES
wound down, all of the major development {aboratories COSMIC RAYS
. . ELECTROMAGNETIC CASCADE
placed their software in RSIC. T_hat technology has ELECTRON TRANSPORT
been somewhat dormant over the intervening years but ENERGY DEPOSITION
) EXTRANUCLEAR CASCADE
many have recently requested it because of new activi- CTR
ti h as the Strategic Def Initiative HADRON
ies such as the Strategic Defense Initiative (SDI) and, HEAVY IONS
during the current year, the Space Exploration Initiative HIGH ENERGY
INTRANUCLEAR CASCADE
(SED). : MESON
The development of the intranuclear cascade work NUCLEAR MODELS
NUCLEON
by Bertini [6] and others at ORNL at about the same PROTON
. RADIATION DAMAGE
time as the Apocllo program was: another factor. The SPACE RADIATION
related data and computing technology were subse-

quently placed in RSIC and have seen steady use over the years. The development of the ETRAN
code by Berger and Seltzer 7] and its inclusion in RSIC was also significant. There have been
many extensions to the electron/photon cascade methodology over the years and complex geometry
versions such as ITS [8] are in common use. The contribution of the EGS system by Nelson,
Hirayama, and Rogers [9] was also significant, and many others could be cited.

Over the years RSIC has tried, with some success, to keep abreast of the field of high energy
radiation transport by encouraging developers to contribute their technology. To learn what is
available, an RSIC user will be given a “Capsule Review”, [10] which provides a brief summary
of all RSIC “Packages”. It contains an alphabetic index by package name and has a separate section
for CCCs, PSRs, and DLCs. Each section has a KEYWORD index to help a user select a package
of interest. KEYWORDS which are likely to be most relevant for finding CCCs suitable for high
energy radiation transport are listed in Table 5. A selected list from the CCC is given in Table 6.
These have been grouped into somewhat arbitrary categories of Fusion; Bremsstrahlung, range, and
stopping power; Heavy ions, beam transport; Electron-Photon cascade; Intranuclear cascade; and
Space Radiation.

KEYWORDS which are likely to be most relevant in identifying PSRs and DLCs [or high energy

radialién transport are listed in Table 7. Selected lists from the PSR and DLC collections are shown
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Table 6 Packages from the RSIC Computer Code Collection for High Encrgy Radiation Transport

Fusion Bremsstrahlung, Range, ' Heavy Ions, Beam
CCC-339/AKTIV Stopping Power Transport ‘
CCC-349MEDUSA- PIJ CCC-31/BREMRAD CCC-244/TRANSPORT
CCC-410/THIDA-2 CCC-50/LRSPC CCC-249/HIC-1
CCC-505/MEDUSA-IB CCC-201/STRAGL CCC-275/E-DEP-1
CCC-228/SPAR CCC-537/TRIPOS
Electron-Photon Intranuclear Space Radiation
Cascade - Cascade CCC-116/TRECO
CCC-107/ETRAN CCC-156/MECC-7 CCC-118/SIGMaA I
CCC-117/BETA I CCC-160/PICA CCC-148/SPARES
CCC-119/ELBA CCC-161/NMTC CCC-157TMEVDP
CCC-155/ELTRAN CCC-178/HETC CCC-205/TRAPP
CCC-176/CASCADE CCC-207/FLUKA-TRANKA CCC-329/MODEL
CCC-197/USRHYD - CCC-265/CASIM CCC-358/SOFIP
CCC-331/EGS54 : CCC-443/REAC CCC-379/SHIELDQOSE
CCC-361/SANDYL CCC-496/HETC-KFA
CCC-430/EDMULT 2.1
~CCC-467/1TS
CCC-544/CEPXS/ONELD

in Table 8. These are grouped into categories Intranuclear cascade; Charged particle; and Neultron,
photon multigroup cross sections (for DLCs); and Atomic collisions, damage, energy loss, dose; and

Nuglear modei (for PSRs).

Table 7 Capsule Review Keywords to Identily PSRs and Tables 9 and 10 provide a sum-

DLCs for High Encrgy Radiation Transport
mary of the packages most often

) disseminated in the past three years
Kcywords found in PSRs
to give the user a feel for the popu-
CHARGED PARTICLE CROSS SECTION PROCESSING

DISPLACEMENT CROSS SECTIONS _lanty and relative usage of these

KERMA codes and data libraries. Table il
NUCLEAR MODELS '
PROTON DOSE summarizes the attributes of the

RANGE, CHARGED PARTICLE . ‘ .
RADIATION DAMAGE various packages in terms of Appli
cation, Particle type, Energy range,

Kcywords found in DLCs ,
v Geometry, and Method. The conlri-

CHARGED PART{CLE CROSS SECTIONS butors of the various packages are
CTR NEUTRONICS CROSS SECTIONS . . :
DAMAGE CRQOSS SECTIONS listed in Table Al.

INTRANUCLEAR CASCADE
KERMA FACTORS
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Table 8 Packages from the RSIC Peripheral Shielding Routine and Data Library Collection
Related to High Energy Radiation Transport

Intranuclear Cascade
Charged Particle

DLC-1/LEP
DLC-3/MEP
DLC-22/FLEP
DLC-106/ECPL

Atomic Collisions, Damage,
Enerpy Loss, Dose

PSR-47/ENLOSS
PSR-195/REPC
PSR-137/MARLOWE
PSR-257/ACAT
PSR-261/MICAP
PSR-263/SPECTER-ANL |

Neutron, Photon Multigroup
Cross Sections

DLC-55/RECOIL
DLC-58/HELLO
DLC-84/MENSLIB
DLC-87/HILO
DLC-119/HIL.O86
DLC-128/LAHIMACK

Nuclear Model

PSR-3/ELIESE
PSR-10/EVAP
PSR-125/GNASH
PSR-152/HAUSER*S
PSR-158/SAMMY
PSR-166/PREANG
PSR-219/ERINNI
PSR-224/PREM
PSR-226/PRECO-D2
PSR-227/ECIS-88
PSR-235/DWUCK

SUMMARY

The role of RSIC in supplying high energy radiation transport depends on the willingness of the

user community to share the developments made in the field. There are several code systems that

we are seeking at the present time including TNG, HETC91, and CALORSE9 from ORNL, REAC3
from HEDL, FLUNEV from DESY, JEANT and FLUKAS0 from CERN, updates for ITS and EGS

from SNL and SLAC, respectively, and high energy cross section libraries being developed at various

locations. RSIC users can help in this process by alerting us to developments which are not in RSIC.

A section for doing so is provided on the RSIC Registration Form.

It is clear that the radiation transport community in Japan is very active and continues to be a

‘major user of RSIC services. They continue to be a strong contributor ol technology. We arc

grateful for this relationship and will do everything that can be done to keep it flourishing in the

{uture.
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Table 9 High Energy Radiation Transport Packages from the RSIC CCC Collection That Were
Sent Most Often in the Last Three Years

Fusion
CCC-410/THIDA-2 (4)
CCC-339/AKTIV (2)
CCC-505/MEDUSA-IB

Electron-Photon

Cascade

CCC-467/ITS (153)
CCC-331/EGS4 (37)
CCC-544/CEPXS/ONELD (18)
CCC-361/SANDYL
CCC-107/ETRAN
CCC-117/BETA 11
CCC-176/CASCADE
CCC-430/EDMULT 2.1

Bremsstrahlung, Range,

Heavy Ions, Bcam

Stopping Power .

CCC-228/SPAR (9)
CCC-31/BREMRAD

CCC-50/LRSPC

Transport
CCC-275/E-DEP-1 (7)
CCC-537/TRIPOS (6)
CCC-244/TRANSPORT

CCC-201/STRAGL

Intranuclcar
Cascade

CCC-178/HETC (20)
CCC-160/PICA (12)
CCC-496/HETC-KFA (11)

CCC-443/REAC

CCC-156/MECC-7

CCC-161/NMTC
CCC-265/CASIM

Space Radiation
CCC-379/SHIELDCSE (21)

CCC-157/MEVDP (4)
CCC-329/MODEL
CCC-358/SOFIP
CCC-116/TRECO
CCC-118/SIGMA 1I
CCC-148/SPARES

Table 10 High Energy Radiation Transport Packages from the RSIC PSR and DLC Collections
That Were Sent Most Often in the Last Three Years

Intranuclear Cascade,
Charged Particle

DLC-106/ECPL (2)

Atomic Collisions, Damage,
Energy Loss, Dose

PSR-137/MARLOWE (21)

PSR-263/SPECTER-ANL (7).

PSR-261/MICAP (4)
PSR-257/ACAT
PSR-47/ENLOSS

Neutron, Photon Multigroup
Cross Sections

DLC-119/HILOS6 (8)
DLC-128/LAHIMACK (6)
DLC-55/RECOIL
DLC-58/HELLO
DLC-87/HILO

Nuclear Model

PSR-125/GNASH (21)
PSR-10/EVAP (4)
PSR-3/ELIESE (3)
PSR-152/HAUSER*S
PSR-226/PRECO-D2
PSR-235/DWUCK
PSR-227/ECIS-88
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Table A1 Contnbutors of High Energy Radiation Transport Packages to RSIC (page 1)
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Code name Contributor Country
CCC-31/BREMRAD Battelle Pacific Northwest U.S.A
Laboratory
CCC-50/LRSPC Lockheed-Georgia U.S.A
CCC-107/ETRAN National Bureau of Standards U.S.A
CCC-116/TRECO NASA Goddard U.S.A.
CCC-117/BETA-II AR.T. Research US.A
CCC-1188IGMA II McDonnell Douglas US.A
CCC-119/ELBA NASA Marshall U.S.A.
CCC-148/SPARES Boeing U.S.A.
CCC-155/ELTRAN Sandia National Laboratories ~ U.S.A.
CCC-156/MECC-7 Oak Ridge National U.S.A
: Laboratory
CCC-157/MEVDP Air Force Weapons U.S.A.
Laboratory
CCC-160/PICA Oak Ridge National US.A.
Laboratory
CCC-161/NMTC Oak Ridge National US.A
) Laboratory
CCC-176/CASCADE ERDA Health and Safety U.S.A
Laboratory _
CCC-178/HETC Oak Ridge National US.A
' Laboratory
CCC-197/USRHYD Braddock, Dunn, and US.A.
McDonald, Inc.; Harry
Diamond Laboratory
CCC-201/STRAGL Los Alamos Scientific US.A.
Laboratory
CCC-205/TRAPP Oak Ridge National U.S.A.
Laboratory
CCC-207/FLUKA-TRANKA  CERN Switzerland
CCC-220/LUIN-II Environmental Measurements U.S.A.
Laboratory
CCC-228/SPAR Oak Ridge National US.A.

Laboratory
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Table A1 Contributors of High Energy Radiation Transport Packages to RSIC (page 2)

Code name | Contributor Country

CCC-244/TRANSPORT Fermi National Accelerator US.A
Laboratory

CCC-249/HIC-1 QOak Ridge National US.A
Laboratory

CCC-265/CASIM Fermi National Accelerator US.A
Laboratory

CCC-275/E-DEP-1 (Version  U.S. Naval Research US.A

P5.00) Laboratory

CCC-329/MODEL NASA Goddard Space Flight U.S.A.

CCC-331/EGS4

CCC-339/AKTIV
CCC-349/MEDUSA-FPIJ
CCC-358/SOFIP
CCC-361/SANDYL
CCC-379/SHIELDOSE
CCC-410/THIDA-2
CCC-430/EDMULT 2.1
CCC-443/REAC
CCC-467/1TS

CCC-496/HETC-KFA

CCC-505/MEDUSA-IB

Center

Stanflord Linear Accelerator
Center, National Laboratory
for High Energy Physics,
National Research Council

Max Planck Institut for
Plasma Physics

Japan Atomic Energy
Research Institute

NASA Goddard Space Flight
Center

Sandia National Laboratories

National Bureau of Standards,
Nuclear Energy Agency Data
Bank

Japan Atomic Energy
Research Institute

Radiation Center of Osaka
Prefecture

Hanford Engineering
Development Laboratory

Sandia Nationa! Laboratories

Kernforschungsanlage Jilich
GmbH, Inst. f. Reak-
torentwicklung, Julich

University of Tokyo

U.S.A., Japan, Canada

Federal Republic of Germany
Japan

U.S.A

UsS.A

U.S.A., France

Japan

Japan

U.S.A

U.S.A.

Federal Republic of Germany

Japan



Table Al Contributors of High Energy Radiation Transport Packages to RSIC (page 3)
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Contributor

Code name Country
CCC-537/TRIPOS Univ. of California, Los U.S.A
Angeles
CCC-544/CEPXS/ONELD Los Alamos National - USA
Laboratory, Sandia National -
Laboratories

DLC-1/LEP Oak Ridge National US.A.
Laboratory

DLC-3/MEP Oak Ridge National US.A.
Laboratory

DLC-22/FLEP Oak Ridge National U.S.A
Laboratory

DLC-55/RECOIL Oak Ridge National U.S.A
Laboratory

DLC-58/HELLO ~ Oak Ridge National U.S.A.

"~ Laboratory

DLC-84/MENSLIB Los Alamos National U.S.A.
Latoratory

DLC-87/HILO Oak Ridge National U.S.A.
Laboratory

DLC-106/ECPLE2 Lawrence Livermore National U.S.A.
Laboratory

DLC-119/HILOS86 Qak Ridge Nationa US.A
Laboratory '

DLC-128/LAHIMACK ‘Institute of Nuclear Physics, Poland
Krakow

PSR-3/ELIESE-3 Japan Atomic Energy Japan
Research Institute, NEA
Data Bank
Qak Ridge Naticnal U.S.A.

PSR-10/EVAP-4

PSR-47/ENLOSS

PSR-125/GNASH

PSR-137/MARLOWE

Laboratory

UKAEA-AERE; University
of California-Davis

T.os Alamos National
Laboratory

QOak Ridge National
Laboratory

England, U.S.A.

US.A.

U.S.A.
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Table Al Contributors of High Energy Radiation Transport Packages to RSIC (page 4)

Code namc Contributor Country

PSR-152/HAUSER Hanford Engineering US.A
Development Laboratory

PSR-158/SAMMY Oak Ridge National US.A

PSR-166/PREANG

PSR-195/REPC
PSR-219/ERINNI

PSR-224/PREM
PSR-226/PRECO-D2
PSR-227/ECIS-88
PSR-235/DWUCK
PSR-257/ACAT
PSR-261/MICAP

PSR-263/SPECTER-ANL

Laboratory

Energy Research Foundation,
Petten

NASA Langley

Centro di Calcolo del CNEN,
NEA Data Bank

Tohoku University, NEA
Data Bank

Los Alamos National
Laboratory

CEAJ/CEN Service de
Physique Theorique, NEA
Data Bank

University of Colorado

Okayama University of
Science

Oak Ridge National
Laboratory

Argonne National Laboratory

The Netherlands

U.S.A
Ttaly

Japan

US.A.

France

US.A
Japan

US.A,

U.S.A.

a1
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Required Computer Programs for Fusion Device

Satoshi Nishio (Japan Atomic Energy Research Institute)

A fusion field requires computer programs for (1)Calculations for Device Design
, (2)Simulation of Plasma Behavior and (3)Control and Data Processing for Plasma
Experiment. Although these are not independent each other, I describe concerning (1)
calculations for Device Design. When other two (2) and (3) have reletion to (1),
some descriptions shall be given.

The "TOKAMAK” is taken as a typical fusion device, and I focus on the computer
prograns required for the initial phase of conceptual design activity. Here, I shall
describe a system code where an overall optimizetion between the device parameters
and the plasma parameters can be carried out-and a systematized code which is able

to analyze the transient electromagnetic phenomena.

KEYWORDS ( Tokamak, System Code, Transient Elpctromagnetics, Coupling Problem }
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Option Related to Overall Reactor Concept

+ Tepological Configuration of TF and PF coil System
« Impurity Conirol System ({Divertor / Pumped Limiter)
- Material Identification
« Operation Scencric {Pulse/Guasi-Stecdy Siate /Steady State)
. etc :
I

e Design Flow Option for Plasma Perfermaonce

« Set up Plasma Ellipticity and Tricngnlarity
» Optimization of Plasmo Parameters
e.q. '
. Maximige fusion power under given plasma size
« Minimize plasma size under given plasma Performance
o ete

d Physics Constraints . 4 Engineering Consiraints
. Plasma Confinement [Plosma a erfcxmm:eJ « Maximmum Field in Coil Conductor
« B - Limit . l » Maximum Current Density in
+ Q- Limit ' rTFC Configuration j Coil Conducter
Density Limit [ - Shielding Criteria {DPA,
etc [ Plasma Equilibrium | ]:;erw Heating , etc )

Basic Machine Paromelers
Plasma Mejor and Minor Radii
+ Plasma Current , Density and Temperature
* Fusion Power
+ Neutron Wall Loading
+ Shield Thickness :
- Configuration and Current Paitern for Coii System

etc
nye
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o T. UOROFRERNR

IMI{VI+[RI{V}+2a (CHCIT{VI=-{B <~} (24)
Y B, ChEEEDBE

(MUVHIR?](V} = (B} (25)
EL.

(R7] = [R] + 2a{CHC}IT (26)

EERTHEBEYT A LICE %,
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Fig. 3 Local Coodinate System

Fig. 4 T-shaped Conjunction Model

3. 2 EHERE
FIEICEWTADHD L L 225K RTERFERB LU NE2BCORSEZERER
PMEEN, T TIHEANEEE L TEHERMECDWTERS, FFTUDRITONTERD

—HEEHEREES X 5,

IMH{x}r[RI{x} _ (27)
CDRIEBETEWEEZEOEDICK '

det![M]-7 [R]] =0 . (28)
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Bt rlcBd anmAERE 2D nEOHE T, T2, T, ., Ty 22BEEEZFD. BT
EEEATRESMETIE. T FIOEROBEREK TH 2, BHEET KA TIEEN7 b
xR ET A QDROEETEWETS B, LEno TE— FAF[X i

(X)= Hxti {xtz, o dxh o {xta] (29)
rLTEREAD, 2AIx 1L BODELTEIALERFELOBTSED. (X} OBRRSO®
SEITEESRVWOTUTORIZEARBILY 2,

[(XIT[RI[X] = [E] : (30)
2EL. [ENIBEFNTSE 2, QDRiET:, {(x}cH L TnBORXERRT ZH. IhzE
zebB e UTORICR S,

IMIIX]={RI[X 7] (3D
cotTit] i1
T 0]
(z] = : , _ (32)
O Tﬂ

rEIEAND, LENSTHeD()RRUTIRTXLSHETS 2.

—~ Ll —~

[z UV} +{V}=-{B~} (33)
£EL. {VHEE— FIRIEN2 R LT

(V= [X]H{V) (34)

(B} = [X]T{B*} (35)

TH D, bEDUDRXENBEOEWICES LS FEARRZRTHLA2OICAHL. X THEHnED
WY LEBEENEBeNAEZ LA D. FO—0—DO0EHBEE - FIZHIEL Tnwd, L 7N

T, GNREE— FERETIE C L TE 2. Bb. BV R
V.= V(0 exp(-t/7 )
(/T ﬁa . exp{(t’-t)/ T :}dt’ ' | (38)
rEhERD, FELV(OREHEE—F 1 OHEHE
TEO\éiﬁﬂ&7bw—£;ﬂ®i§E®&%T§6o

3. 3 2V RAFLOEE
C EALBEENBITI—FY AT A FEDDYTOR : 2 #% - EH T AIcH 22T, FHndT
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Xp FUEREIE O S 5 EWS(Engineering Work Station) ETFEIZ ¥ 22 & & L. CAE VY
I R ITid— I AF AR I-DEAS GV A MA LA, ANF—S OEES LUHEEROLED
MTIEST MWSETHASN., HAHENE RO CPIRHEETZ2HEEICH. ZOFEICRDA
HARHEETIAS )55, 2OB. AHF— 9B LUHELERORZEOHEER EXSE
T3, |

veiz. TEDDYTOR: ZHMULTWAZREYVa2—LEENsOBEICOW TR, £FHR
D= AxFig.5icmd,
1-DEAS (HifLEE)

%E%ﬁ%@%ﬁ?—ﬁ%%i%:&t&b\%%?—ﬁ@ﬁ&ﬁ&ﬁﬁﬁ?—&@%%d
HEERICR SN, BHBRROEDOERESABSLUCHERS (BERICLIBEHNZRC)
SRS BB 0 — K THSC/NASTRAN 1SS T 2 & SBEIN D,

EDDYPRE

I-DEAS (RiQLEE) TERENAT — ¥ P BERAET 2 — K TEDDYCAL) ARZE#EIIL D, #
2. NEEZNSKEZICEMLIN, TACESHABSOITbE LY G SN S, TEIDY
CAL| T MLELRLEDMOT —% . BIIEHE. Lk, NHFRG. BRARESLONHED
AN BOIEEIEEFOMNNBIITREN S,

EDBYCAL ’

ATV VREREAN SN A EABER I EES N AREREHETIREZET 2. &
FHEE L CEEMNBEIC oW TR A, ATY a—VIRBFOBNICE U TR
MAdAoENTE, EOVANTHERT LML TEDDYRRE THE SN 5,

EDDYPOST
$%V1—»ﬁﬂﬁ§ﬁbn5%ﬁ\?&h%T%X?%wﬁﬁﬁémmmﬁ%mwﬁwt'

TEDDYCAL | OISR A BT AEEEAET 2, O LD IRET L2, TEDYRES) T
PELEENE LSRN, BRI, TIXVHARFOEDICHEW2A LTI A7 eEK
@%@E%—Fam%wﬁ%méntmﬁﬁﬁﬁﬁﬁiﬁ%@%@wﬂiéﬂ\mb%m@t
DI ERFENTAFEICEHEINLS,

ACCORD

BREEL LTOT S X RRB2 AEETREOREEMEMNFIEE SN D, FETV a2/l
. CThBeT
?Eﬁ%%ﬁ%u%ﬁéﬂ%ﬁ%ﬁ@%%%%ﬁbfﬁ@ﬁﬁﬁéﬁﬁéﬁﬁéo:ﬂﬁ@%
FEXr 7S AvOESHFELZENI T THEIAS 1O,

HSC/NASTRAN

R, —RIECHEIATWAAEBESETI—FTHN. BOLMEBEZDE L) B
BEEOERIT LS WEME BT WS, c o TERINEGTF—F i, FLICHBEEHT-DEAS (
'Wﬂﬂ)T%ﬁ?—ﬁ\Hﬁ%ﬁ?~§‘ﬁﬁ%#ﬁiﬁ%&buﬂmﬁﬁﬁﬁabtﬁié
h. X5z TEDDYPOST ) B W TEBAOT —F HiIfIME N 5.

[-DEAS ({4 )
FEDDYTOR | Y R F ADREY a— L TCHEIRAERO I 7VRRBLUVHBRRPIZ
TRANL, BERAFRECERIGEEATELZLSN .
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4. FBhhiC

LiE. FAVIEBOBSLHOMBEBIIAT X2 —Fe LT, 77 AYBLUTEERD
FENRTA-YEOBSHEREL LY S, BELAOBRRAHEILIBRERTLAT A
I F eSOV, S BRI EA X TEERRFARETH DET 2 AEBHAENRO
FODEEI—FIZOWTHRSRTE A,

S AFAI—FIZOWTIRERIARZHEEOKBIFIEFELTWSY, §HBIRTIATER
DEBIZEDETETFNOEHFAK LI LR ETH 5.

— . BEESHEII—RICoWTH—BORREALY. EasHEomExEoa o
ROSENEZSRD, VEDk. BEMDOEFMLICEL THEEREIZERTH L2 &
Bl TY Yy FEFAOBEROBHETESS Lo, AFOHREFMTEILEDICT
AT b, HO—HEHAEHEAZONE TS 2. TIXVIZHL TiE, RET I XV OEHIT
WEAEIEE LTS XA TWAY, EBR7IXVOEHICL > THEESNLHBED LD
FEET I AVORHEMICSEF SR, YHUOTIAVRELRELIOTRHLBERE
EEFlCBCENS 5, HEWCECERAICHEL UL, BRNCLIBEVOERIZL-T
L EEMYHIBEBYID R EERESBE L. TOREEHMT AMENS L.
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8. Passive Safety fAoDFE &
Wiy bz THE

B R, LW B9, BA @A, B S
BN BLE TR E (R

%%PuﬂmSﬁayﬁﬁﬁﬁ?@ﬁﬁ%ﬂ%btﬁ%%%ﬁ%th%C&Eﬁ%ﬁ&%o
Passive HELH L L TREMBEEWEHOFE LA ETIENETRECCS PRI OH
B LA BNBHAERANR (PCCS) EXEALNTVS, ERDLOCAREH
— FTit Passive Safety FOZXLFMIRITA T Vo A TREKITOE AL SH 7 Passive
Safety FOBEEBEL, BLFRHRHLELRY 7 9 2 THRELODLTERTVE, . B
BN E TIBIRL TE % Passive Safety FHOER T— FOoBEL T oBIFERICI >
THEHLTVD, Hic, Passive Safety FOBPEBRORESIERETELEPCCSE2LT
. BHERCEIEBHRORELSIZBPCCS KOV TRANESEERFT LABRER 2R
LTW3, choOBIFEBRICENDPCCSELTHTAV L —va Y avFridig-t
LEYEELONDILED, SBWRTHRHEEh B3I &ILE 710

Characteristic Features of Passive Safety Reactor and

the Development of Safety Analysis Codes

Hideo NAGASAKA, Nobuaki ABE,Kenji ARAIL, Ryouichi HAMAZAKI,
Hirchide OIKAWA, and Jun-ichiro OTONARI

{Toshiba Corporation)

Summary : Simplified B¥Rs are characterized by the adoption of a passive ECCS and a
passive containment cooling system (PCCS). While a passive ECCS serves a short-term
core cooling function, PCCS removes long-term decay heat. The current safety analy-
sis codes, which were originally developed for the safety design of an active cool-
ing system of decay heat, can not analyze the safety performance of a passive plant,
This paper summarizes the characteristic features of a passive plant from a thermal-
hydraulic viewpoint and the development of safety analysis codes. The outline of

the safety analysis codes for a passive plant developed by Toshiba corporation and
the analysis results are described. Especially as for the PCCS, several types of
PCCS differing in ¢ooling location and method are compared. As a result of this
analysis, it turned out that the isolation condenser was the most effective PCCS and

‘was adopted in the SBWR PCCS.
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keywords : Passive Safety Reactor, Safety Analysis, Code Development, Gravity Driven

Core Cooling System, Passive Containment Cooling System

1. #

ifl

FE. BNATRERBET AT S ¥ bic2w T, BABKFOMESEHIATY 5,
+HbE, BERELF Uy 7EOHRENREBEFELZ LB 2HNBBoRboic, EAND LI
REHKAERE L B (passive) Y2AFLERALT S v 2EOHBSTRT . FHHEHOD
BEEOBAEZRBRL., —BORLUEERTILVIFLW I Fo—FEHant O
THREHOLNTV D, BEKELBOWTRENOBARESNE WD, 75 v PREFNE (L
BREHFOSVWH/NE TS v b5 1080 EFEOERKARBEHRO ) T V—XHELTEESZ
h. FiRoBE LS e/ PERMLERECH T 2ROHEEE > T E, £, KB BW
T & A BIIEIC passive HERLZEFAL LS ET 28 &M H B, passive WELRERALL
BEATSIKIEE LTIk, GEHDASBWR ‘VHBHOLOTH D, £ 0%, HIKOHS
BWR'‘Z HZOTOSBWR-900P¥HihicgEs, HETIHASBWROHRARKLE
LTS BWR WA GEH2DLMCBWR A - BEERBAILTHEANCERL TV 2,

passive HELH & LT REKEEENEHOFLBMETI>ENETRNECCS (GDC
S) PEMOBHERBRELITOSHIBAERANA (PCCS) SPELN TV S, mHRE
F O A S ST passive safety FREFTOBWREERTAHNKENL > TEYD ., HXOD
LOCARH 2 — FTIit passive safety FOXL2FMRTARL V. XETRBEKAOEAD
5 E# passive safety FORBEEBEL. E2BMCHELY 7 b v 2 THRERSDVTEN
TWnd, £/, BXToh T TR LT &7 passive safety FRHOBITa— FOBEL X
OENEEC>WTHBEHLT WS, BHic. passive safety FORFFEHAFS (PCV) @
KEXEREFTEZPCCSKROVWTR, AHARPHEBHORBZZFEP CCSit>VWTHR
BUMRE A EERS LAEIRERETRL TV S,

KB TREFOHSE 75 v FESBWRELTWVWALD, CITSBWROBMEEHRALT
B<¢, (Fig.1 2H) SBWRHEBLH N6 00 MWoRBKEEKFOERBRIETHD.
B THRE LESBEORANELEHKOBRREHAHL L > THwa N, KELHRBRRY
HERERT 720, FOERCF A= —BRISAT VS, #-T, FORHBEERE 7
BERENTVS, 1. FHERRLKES BB HE LRI passive YA T LZHRALT
Bh., BHBIRRLETH - hELAROR v TR E— s HOBNRESLBELENL-THED,
STk, b T— ) BABRBMEE ATV, 75 OEEHEIR2 2 @A, TR
2EHELTHD, BEBEBRRy— A7 AV » PEIAL1L10A7 5ZXD1 0%7 » 7R
KF 5 IEEHBIRLTWV 5o _

SBWROEAZHHSE Table | ©RTo FLBMHERIFLHOENBEELE~(ED
Fh. HEO 3T mdD .44 mRER{ELTVE, Tk, HHEELRXDPSH2 0% T
. BEOBMSBORNEFANREOETER > T3, #HEEERLL, BAEEEZTT
FREBAFELEBIAECRD. FAAVAHRERNERET 2o RKTFEENES (RPV)
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bELTALENSY, SBWRORPVIEHABWREEEEFLAESKE > TWA, HFIF
FEEOREHECRDBCETA VYV v~y yayFryg (1 /C) BFonTBL. IhH
m;by—fyrvamxémﬁﬁﬁﬁﬁ%km%étﬁ\Eé#ﬁﬁ@?é:tumu;
Sl TOb, NREBOSERBKSRE LTREEERGHAK: Y 72FHLTVS, LOC
ABEOP CVEHEME T i nic REAMESE (S/C) 2FALTED. LOCABK
BOCk<y FMEZBLTHSEAE BB, ENERZMHT 2,

IHSERER COROERERSN FLH B RPVARELTVWE, RPVEPCVOR
HEMNGDCSOHKEEATHEHZE. GDCST— Ao HIKFENCL D FIEFZE->T
RPVHIREAL., BOXBHM&ENB, 7. PAEEKOBECEEESR (DPV) OfFEHK
F0GDCSDFHEAEEELTVS, SBWRTRDPVDHSORKEF 549 =0 (D
W) KB LTWwS, GDCSERTRHRBHCE > THEFFLOHERSREEND 2D,
FhddWEPCVRESIKAINTILNENSS. BITOBWRORERBRERRIF T o
S EOHHBRE, L - TVEN, SBWRTRINODFEORDVIKPCCSZERALT
W3, PCCS&LTHEFFBEEANECL /CEHFRALTVEN, TO VYR TF LRKE
Fig. 2 iR To

2. EHETRECCSOHEELO CARIo— FORRE

2.1 HEAETAECCS ORE

EyTRUF+ —ENRBESEIOHIBNBBOECCS SHERL., BHREL XSG
DCSOBELLTETE-CEIFLIEOBBREKEANy FELFHIRHA L 0 mKE /D
XNCETH Do CDTd, B, T/NEBELKEBICRP VAKMEBETLABEG. GDCS
DEBAEALREIE /D, BEOBWRELELTERODP VA& YL LBLE
el T Do WU OHBEWRDPVASORHEMORHICELOVRPVEPCVOENERG
DCSOT—AKEA~y FEN/NE otk SRIEFHIEE, BEHICE D BEKBFNIE
A& B,

HoT. GDCSOBEABEDPZOFLANUREEFET 570ICRR P VHORKIEE
L PCVABKNIESHEERCHEI e TE I AEELRV, BROBWRDLO CARERT
HRPVHEHEDBEFMEIATEY, PCVREFUEShTESY. PCVERER—EDA
vy MEEBEA LT WS, COLDPRITOLO CARII— FTRGD CS OHERIFMHT
R QAN

SBWRTHGDCSORIHEEEZLO CABFOFEHBELELTWS, BT AL I,
SBWRTIRGDCS DPVHEPTHEEORERN et LTFLBERELBERSNTL S,
CHIESBWRTHRALLEID TRAOREESEEL BV ELHRBRANERALT
WBtDhTHB, HRBRFTRFELORNEEN NS, ELERBERBH NEEET 4L
BPRPVOEREEEMNAEHNB, O, RPVNOREKBHEHBERFSLEELR
E(H-THEO. DPVHEHMEHLAIMMHBERAL TS, GDCSEHHEF E TITFOED
CELRWEOTH B, BHERFTRFAREKRESDLRVAD, GDCSEDPVHEET
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BELEHELEERT A CEBTET, SETTHEETIEEFARBLELENL S, C0OX
SRIBEBEREFEARDEFVSOGLETH 50

KB, BIFETIBORKREHEICO VT, BFDBWR TRES N TV 3 {RFNR BT &M
BHTLEGDCSEABUFTRTHE., RERDIVH, FTFHLIRERLVLDLERT 5.
B, BfTBWROP CVILERI TRENBOP CVENZED CHFMT 57 HP CVE
BEBE LTV S, MBEORERGD CSORAMBREEZES H BT 2 &3,
FEIORFERHBNBHECEIZECC SOEAERD closed loop THBDITX L. GDCS
it open loop TH2EWVWI T ETH 2. FIFETRAEIHKIPCVTRICH2EIMEG 7 — 1 (
S/P) hoRryr7TLABFoh, BEBREEZNLTCFRILEAT N, EAThKREHKD
—HREHOLSHEEL, < P EZ2ELCTHUS /PIREHMT 5. —H. BHFLBUVTIEG
DCSOKERD WHEHBLEESIL T, ENCLDBEKBEASH, PHETGDC
ST~ NVREILR S, T, TORFASHIPOFETRBILE > THFLEEKERFIEEL L
BB S, SBWRTHFig. 2 RIRLAEIIES / PHRPVOBRKEELTHH. RP
VES /PrBETIHESA v BHEITHEE, COHESA YOBERRYFPED Ly IR
YIFEOTOBIcdED. RPVAKEBETLTHRAZEES. DPVIELDRPVHAED /WK
HiREhTwi0T, FIEAMBHES / POKBRPVARKATELIRLE -TWVE, IO
EOUAREWMBIESICIES, /' PRERPVED TRRETAIERTENR L, COBHES A~
OEBIZL O CABRMEBRZ - LB THED. THLPCCSOBELLSEREEENS 2, -
T,. AETRLOCARGD CSHHLAET TV LMo BENEH OXLBITICLBLER
I~ FOHBEEOBTHERICOVWTHENS,

2.2 Passive ECCS PEHERR#TAH o — ¥ SAPPHIRE OBIE
Passive ECCS D¥fEfEITOdic, D/W, S/ CRUGDCS7—1%ZEL/LOCA
HFEHORPVHOHEKADEGHMOLO CABIT—FSAPPHIRE (SAFER with
Passive ECCS and PCY for Highly Integrated Reactor Analysis) ZBAFEL7: *s SAPP
HIREREBIFBWROHKZIWBITI I -FTHLSAFERYDORPVEFALLP CVILEHE
Fo— FTNOPCVEFAZESL, 4 Passive ECCS TFAEMARAANE D TH 3,
Fig. 3 LSAPPHIREDPCVHD/ —F 4 v 7%R¥o PCVRRPV, D/SWRKU
S/COEZ->DFERFWCHMOS 2fE,L ST »T W3, RPVED /WiREEO, DP
VRUGDCSDS4 v THEP->THED, D/ WES/ CENY PELRZEWRES; (V./B)
EALTERN->T WS, ZLHEIIRPVOEEES PiclET 5, D/WIRESKEKRIL
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BREEE

D PV (Depressurization Valve) =®REH

D,/W {(Drywell) = F 34 9=

GDCS (Gravity driven Core Cooling System) = ENE TR E HF LK EHR
I/ C {lsolation Condenser) =74 Vv —¥a ¥ YFr¥ |
P CCS (Passive Containment Cooling System) =R HIIBHEREHR

P CV (Primary Containment Vessel) =R FIPEMNESR

R PV (Reactor Preassure Vessel) =RTHFENEFE

S/ C (Suppression Chamber) = HIHIE

S,/ P (Suppression Pool) =l§£7ﬁﬂ]%ﬂ7’—ﬂf

VB (Vacuum Breaker) =EZHEFH _

W,/ W (Water Wall) =9 2 —% ¥+ —VEBHRBRATHRGIR
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BABRZOBRNERERTHI AR, BREVEBRBORHEDROMUADHRETMT
HEDICIE. BERORY FI— VLB A RBORRHICER L EREHEPRMAELT OV
NOBREBRALETH S, FEHIHSEFEF A OER 2RI A BLAERRORSLEEEERD
—@E LT, 1&T. 2RARVIRTOBRYDWEL T AN - BRESEFI - FEHER -
BHLTWD, ZORFI—-FiZ. BARF7 b oHRENBLEERZAORY hT—-J0
Eh. BE. BRARXOBEDHBFOZ 25T, FREBELEEVACHHEZ7OVIVOR
B, 270V NVOBITF - . HEPAZ7 4 LR ORLSHRUERMCHES LI BPEHWRE
REETAIENTES, BREFI— FiZ. kK- BREEBLAHERROBREAVWTR
ZPTHD.

Thermo-fluid Analysis for Nuclear Fuel Reprocessing Plant

Gunji Nishio
(Japan Atomic Energy Research Institute)

In order to evaluate a confinement of radiocactive materials in
the event of fire, explosion and criticality as DBA in the
reprocessing plant, it is necessarily to obtain transport
phenomena of burning materials containing radiocactive aerosols
due to thermo-fluid flows in the network of ventilation system of
the plant. Computer codes of one, two and three~-dimensional
thermo-fluid analyses have been made in JAERI for fire and explo-
sion accidents under the entrustment by the Science and Technol-
ogy Agency. These codes can be calculated not only the thermo-
fiuid analysis for pressure, temperature and velocity in the net-
work of cells and ducts but also generation of radicactive
materials from a accident source, transport and deposition of
radioactive aerosols, integrity of HEPA filter, and release of
radicactive materials to environment. Results by these codes are
compared now with those of large-scale demonstration tests simu-
lated to fire and explosion accidents in the reprocessing plant.

1. RtaK

BABKR T, ARAECEMYAVTHERAN L EOREADESBL TS, T &
PERERTHEEEINSRHERERRIEETESS YV FOBRLFOHERER TS LY
A%, BABKRRCRERNEIOBBRBERYERED 2. BHEGREBLADIEHOFE
HERFRBEIATVWAI LN ERERS. '
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2. K- BREBORED

ZZTi. KKEBREARICUTHFEHHAREBRAT 5. REDIRIT., BROFF & RH
HERXTHIAHEOR, EHOX, TANF - 0ARRUERBRREORGCERBIERE:E
VR TRIT LIV, Z08Hs, ZRABERXE LRAMITTHELID. SRABITTHELI N, RY
RERMEREL UTHRL ). EESERAL LTHELI M., HEOHNLFROBHI 6RRS
haRETHS.

2. 1 KkEBEH

ARBROBLSHEFH T, KKOKRREBEFUEDROBITRUETINVIOEETVHRERE
FTa0ERHE, KETREVRICAELEERENEZ SRV e, D, ERHICIFER
HOREHEFTTTHTHD, EEL. L RABFTOBSICRHARRAIAELTELOT, ESE
Ha— RA—BWICEERAINATYS, KKTRENVAOERFAFEEL 257280, SRR
FIck 2 BN REESFOBHALEIC RS, ULAL, KRERIZ, BROIILERKEN
HEBEOEEAEAZVWZ LS LELE 2 R Thbh TWnWa, 2R ERIEREGHES
Tit. BERFBERNOAAFIBEHOYRETVRAATELEFABEVWLNS.
ﬁm?w%ﬂﬁﬁfﬁu;éiﬁaﬁmvﬁtbt,ﬁ#k&ﬁwt»mﬁ%wﬁﬁﬁ%#m
TEKREHEIFI—-F (FACE) 25 BRELE. E1IKFACEDORIT@E:RRY. F
ACEWR. EAPH I FE2RERETEIFY NI~V HORKRYREEL | AKERETRFTESFA
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TRRENORSE 2R AEOBEE TR TLIBRERF LR, BERREMBLL. FEFDK
KERFFHORXOBEUPEOH TR LBV TREDFIBA LR FETHS., B, #EL
EFEEATIR. ELRORESHFREDORVWEREZELIEESAERD S, TOBREKIIRHR
DELTRLBMEELL. BAOHBRSIMPLESTEXRETS. ZOFHER. BWEOE
WAKRBROBRICEYNTHY., BN TRHEREAAFLIEEELE.

2. 2 BRTES

BREKHICZ. BRCIZEVACEADPREDC LA L YRS EDESRIARKEBITL.
HHEDBEOMLASHBICEEY 522, BRTR. EAENAFAEEF-TEBTHI LN
SHERAMFTADBEIL LD, £L. BEROBEEMFAERTELVWILAISEREOERTFLHE
D, SRAEKHERBHOBRITRSALHESHUILETHEH, REHOAKERLEAR
R BRERIERN TR TTAOTERNICIR YR ARHORETEIT T I LANFEET
b5, -
BEHRTREFRRO—BELT., S hoftBE (Ly Kt AV) OBRRHICET 2 REENE
OEPERESEFTI—F (CELVA) 2R -BHLTWa, £2IKCCELVA-1D (1
K) . RIICELVA-—3D (3% OFRFBEERLE. KEUHFETIE. BRIRL
LEELASRY ND— 2 2B TEABOGCENHEPAZ A VI BEBESAODE N BN
T3 LABLEETHE., ZOIDRBEICIE. BREOEV DS TSNV ETOEESF T2
BATWADT. | AR TEGEET-oTHLEANIR T2 TSHS. CELVATIE, BRAN
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VA— 1 DTRFTITI>B@RLEDERE.

3. BEHERHER
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a8) PIFINF—OREEFN, @M. X7 . FYN, 74 NE, TUTREDETRER
EF)., QELBRF Y NEOEHETIL, ORHEDHEELZI7OVLOBT - T

BHEFN, @74 NEIDBEBLI7 OV IVOHEATTLRLEVW DM DOBBESURFIAER
CHE TR ZERDEL S, 22T, BREZFALCLTIRAL SRACERERRY
EWMAERILO>WTHET S,

3. 1 1EABRBFEN
BRI TRELEERBERERM., ZTOIINY-REFERQ. EARHX Y PRU

YR, 7408, TUTRERERBORYEREF . EAOKRBREL . LTHT, 1RA
ERERR SRR,

— 125 —



JAERI—M 91—015

EROR
de dev .
at ax
BEOR
Bpv dpv? d(P+q) g
+ =— - — sign(¥)F (2)
gt d X d x g x
ITRNLF—-DOR
0hre B avere— L av(Pr) +AG- 12 3)
— ve)=— — v — Qv
dt axp d x a a d x
e=1+ vi/2
RKBAEN _
P= (y—=1) p 1 (4)
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Thermal-hydraulic Problems in a Liquid Metal Target
of Nuclear Spallation Reactor

Saburo Toda (Tohoku University)

A liquid metal target of the spallation reactor has a lot of difficulties to overcome
when it is radiated by high energy beam. In the liquid target, complex flow phenomena are
induced by natural convection. In order to simulate the liquid metal flow in the spallation
reactor target, the natural convection of water in a vertical cylindrcal enclosure was
investigated both analytically and experimentally. Numerical simulations for the liquid
metal target was also carried out, where sodium was selected as a representative liquid

metal,

Keywords: liquid metal target, spallation reactor, natural convection,

syrindrical enclosure, numerical simulation, experiment
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Comparison of CFD program Fxcution times
in Second [lor VP400 and VP200
T puter
Porog fEh—— vbPzoo . VPsa0UO VP2A00/VP400
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Table 2

Rates (MFLOPS) and

Excuirtion times on VP40D

CPU 1ime
Program.. (s} MFLOPS
NS TVDSD 2268 321, 87
NS TVYDMD 1874 438, 83
N5 LU 1446 643,85
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Tab'le 3 Characteristics of
uni—-vector Computers
clock Peak Memory
Computer S time Rate Capacity
) { ) {GFLQOPS) (MB}
HITAC S820/B0| 1887 4 k] ] 512
FACOM VP2800 1988 3, 2 . 5 z048
NEC SX—-3/14 1989 2.9 5. § 2048
Table Characteristics of
. mult veclor compulers
nusber cleck Peak Memeory
Computer of PE time Rate capaciy
{nsi (GFLOPS) ! (MB)
NEC SX-3./44 1e89 [ 2.8 22 2048
CRAY—-YMP. 8121} | 8BE B [ 2. 87 2566
CRAY-D . 186X 18 2 I8 ?
CRAY €90 199X I8 4 148 7
A) B)
P)': P r P
L M L M L M I M M M
Interconnection Interconnecti len
nelewerk nelework
I Distributed Memory
Shared main memory Parallel Computer
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Fig, # Memory Architecture of
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Table 5 Characteristics of Paraile! computers
number Peak inlerconnection
Cemputer o f Rate network chip
’PE (GFLOPS)
cM—-2 65516 27 Thinking machine hyper {ube CMOS
ADENA 258 5 Matsushita LTD ADERA Cube CMOS
QUDPAX 480 16 univ of Tsukuba ‘mesh CMOS
NCUBE? 89172 18. 5 NCUBE hyper Cube cCMOS
Touchstone 20418 1238 Intel mesh CMOS
CRAY - 64 12821607 CCC ? GaAs?
S5 647 |1 28 SS81 ? ?
CRAY-C85 647225671007 ICRI ? ?
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