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Preface

The objective of this workshop is to open all the results of experiments carried out at the
Kyoto University Critical Assembly (KUCA) and develop all future activities of joint use at
KUCA through the discussion about the experimental topics together with all researchers and
engineers. In the Kyoto University Research Reactor Institute (KURRI), the accelerator-driven
system (ADS) is composed of the KUCA core and the fixed-field alternating gradient (FFAG)
accelerator, and the research and development of ADS are being conducted to examine the
feasibility of the application of ADS to the nuclear transmutation techniques.

It is very important to share the experimental field with the mathematical and
computational (M&C), and nuclear data (ND) fields in terms of the analyses of reactor
physics experiments. From this context, another purpose of this workshop is to share the
results of experimental data with the researchers in the M&C and nuclear data fields through
the discussion with them.

Further, it is expected that this workshop could be contributed to the human resource
training for young researchers and students in domestic, through their research
presentations.

Finally, we would like to give special thanks for their support and patience, by Prof. Akio
Yamamoto of Nagoya University, Prof. Go Chiba of Hokkaido University, Prof. Wilfred van
Rooijen of Fukui University, Prof. Tomohiro Endo of Nagoya University, Prof. Naoto Aizawa
of Tohoku University, Prof. Satoshi Takeda, Dr. Kensuke Kojima of JAEA, and Prof.
Tadafumi Sano of KURR], to hold this workshop.

Cheol Ho Pyeon
December 2016
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v' {i]: A Multilevel Quasi-Static Kinetics Method for Pin-Resolved Transport
Transient Reactor Analysis (University of Michigan)

@ MOC3Riik (F#%siE)
@ POE, FEE (SHIKOKU) ., % K (GENESIS)
v 1(5IJ% jii&)z?%ﬁﬂ‘]?iﬂ:%’ﬁeﬁi#iﬂ’EE@%%%:—F‘GENESBO)F'aﬁ%
O ERIRIILF—ETHIL OB (FRE BN --)
v {ll: Nuclear Reactor Transient Analysis by Continuous-Energy Monte
Carlo Calculation Based on Predictor-Corrector Quasi-Static Method

(KAIST)
$

O 2BREFE (REZHEGFEI—F=>F0FEa3—F) OBk
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2.3 ERNHEE: KBFEES2L—230(2/2)

@ MOCREVTHILOEZAW=3RITIFHE LRI
HE/EEEHEI—FORRE(FIE)

@ Virtual Reactor®EH(Z[ITT ~ BEEZERI
it GTERINEL)DEEIL
@ CASL (Consortium for Advanced Simulation of Light

Water Reactors) 7O x4k ((EDOE/ORNLYth)

vV BEEEEEELIB3ATIIEHELRFD
T E M A BEAVERA-CSO— R D BE &

v {5l Full-core 3D MOC Transport (2D/1D,
Pin-resolved) Capability with T-H coupling

v' MOC solver : DeCART(KAERI/SNU),
MPACT(University of Michigan)

Testing of MPACT
http://www.casl.govdkl)
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2.4 ERNEE: FEMISEEIL(1/2)

) &Iﬁfﬁﬁ#ﬁ%ﬁ:\ﬁ&j‘r“—@@f%+ﬁ%ﬁ¥%@0)55
EZiE = BT AEROTEHSEEL
O —HRILIEERES S LY T
O —RRIEESERED
v TSUNAMI (SCALE) M E LA JLF—~DHi5k (ORNL)

v PWRIFIDIZHITEREFE/NTA =D AR EN ST BFH K.
MHI)

v [EFIFRRBOFREMNDEZIE (LX)
O SURLYUT)UTEOH
v’ Sampler (SCALE) M B H (ORNL)
v SURLYUTUTERICKDFLDREEINTGA—EDRHENSE

>0

FE RS D 514 (48 K. NFI)
vV HOBBRT—4ERIREET ABWRIFIMFEFRENSEEE AT
LD E{iE (GNF-))
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2.4 ERNEE: FEMISEEIL(2/2)

O EAET—2LEDOLE = TEMNSER
O RAEDIELDSELFAETROI-FENSDLLIR
v Bl RPFREROTENSOE R (LX)
O EEBRT—RLEFHEMNSER

v {5 : Feasibility study of decay heat uncertainty reduction using
nuclear data adjustment method with experimental data (3t X)

O SRFTREDHLHMMEIER LT RERYEHMAE 2
BEKIFARRICSVUA LY UT) VTR (BRERBTE) %
AWTER
v Bl SR LY T EERV BT E BT L (B K. NF)
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3. ML DIFMEDARTE(1/2)

O FTEFEERDREER
® FE2TAH)ILAO,3D-MOCIZ&LAEFRIDERFEETE/
ST RIS R

O BERRbzEEST HYIBEIRRZE R ZAEHT 5T
= Virtual Reactor (CASL)

<+

O TEMNSEZIEDER
0 BT—SEEORENSERILO’L
= BoTUBEE/FREASDER~NDES

W

[
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3. AL DIFMED SR (2/2)

O ERHADGTDIREMEZTRAAT-{R-FHIFE(H]
D E#a. [Best Estimate+ R iENS I FEMD 5K

= BEGERITRBDHEER ~ EERZHBEOILK. 5%iF
NDEHEIE
= JVRIVDEZE(ZEDHBAMDR L, RZ51E)
2E. kh. ‘REEE-REeRHORMBRALTBEAZRT 2 FYERAROFRE".
KFYEEDIT (WY EEEI=E)EST 5. 8~12 (2005).

O FRTFHEICEHEERAE

O IR B RO B R <EE>
o BHREOEBARA RERERORSD
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4. BFDBESAICEAT=L\2&(1/5)

O BITIZIEZDTETILEGER) AMFEFEESIELS
IE ~ PEMNZEOEEN
O (FDIETBVLEINT-EHZOET2~3EEM)
2% LA AR AL BR. K. BEABSKFRGATEFEOBEL".
AXEFHFREE. 36, 484 (1994).
O RAICHITIRFIFOKRE. B EHEZSEEIC
H ~ HAE~DEM
O HAM=DOEFIZEHER. T2MRL
O RETEEREEORED-_—XEHWMEH ~ EEXER
ETNTEIT DR
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4. BEFDESAIUBAT=L 2 E(2/5)

O SRITEHZIRILEF—ETHILOHE(IZET
BHELTIEEBD A LM
> FRITHEREIZEBEZAICLTEH FTEETILIEE
DAV TINZERIND
> %H%'de)ﬁq:#ﬁ! (& BRELEEE (BRE D MR ZEE)) |
DRAEEIBZE (MUK D) L BREEE (E—RNS

VA, A%ﬂin( n/E. BAHCKDHE)F. 12
SRREATINDNTE ~ FEREEE

PRERGERAT . [RFIRPROZREEHIC
T RTOMERRZ S ) (Multi-physics&LTD

FE) oL\ EWRFTIRAGHE T
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4. EFDEIAITIEAT=LVE(3/5) M

/GROUP

Weinbery /& 1D & DR
19584 19724

Tl HE o Science and Trans-Science

of ALVIN M, WEINBERG

NEUTRON CHAI_N ﬁll CH has been written about the responsibility of the .\L'ILjI“I.\l in resolving conflicts which arise

from the interaction between science and society, Ordinarily the assumption is made that a

REACTORS particular issue on which scientific knowledge is drawn into the resolution of a political

conflict—for example, whether or not 1o build a supersonic transport (SST) or whether or not 1o

proceed with a trip to the moon-——can be neatly divided into two clearly separable clements, one
scientific, the other political, Thus the scientist is expected to say whether a trip to the moon is
teasible or whether the SST will cause additional skin cancer. The politician, or some other
By representative of society, is then expected to say whether the society ought to proceed in one
ALVIN M. WEINBERG & EUGENE P. WIGNER direction or another. The scientist and science provide the means; the politician and politics

decide the ends.
This view of the role of the scientist, and indeed of science itself, is, of course, oversimplified,
in particular because even where there are clear scientific answers to the scientific questions

involved in a public issue, ends and means are hardly separable. What is thought to be a political
or social end tums out to have numerous repercussions, the analysis of which must fall into the
legitimate jurisdiction of the scientist, and cach of these repercussions must also be assessed in
moral and political terms: or what is thought to be a scientific means has non-scientific implica-
tions which also must be assessed in these terms. The relationship between the scientist and the
politician is thus far more complicated than the simple model described above,

In this paper | shall be concerned with a somewhat different aspect of the relation between
and decisions on social questions. Many of the issues which anse in the

scientific knowle

and society—e.g ., the deleterious side

course of the interaction between science or technolog:
effects of technology, or the attempts to deal with social problems through the procedures of
science—hang on the answers o questions which can be asked of science and vet which canmet

be answered by science. | propose the term trans-scientific for these questions since. though they
are, epistemologically speaking, questions of fact and can be stated in the language of science,
unanswerable by science; they transcend seience. In so far as public policy involves
ientific rather than scientific issues, the role of the scientist in contributing to the pro-
mulgation of such policy must be different from his role when the issues can be unambiguously
answered by science. It will be my purpose to examine this role of the scientist. and particularly

7 Y HICAGO 3 e
BN TV ERILT AL S 2Rk 1o explore the problems which arise when scientists can offer only trans-scientific answers to

questions of public [210] policy in situations in which lavmen, politicians, civic leaders, ete.,
o look to scientists to provide scientific answers

Minerva, 10, 209-222 (1972)

© 2016 MHI Nuclear Systems And Solution Engineering Co., Ltd. 18

J
MHP = - )Fs — M1 — ~ ~ 35—~ O
P MHIZa—SUPYRFLX- YUY 3V IVISPUVIRASH | o0 1 e




4, BFDESAICEBEAT=L \C&(4/5)

® Trans-Science

@ “===questions which can be asked of science and
yet which cannot be answered by science.”

O N(EZOMBEELT)BZICRSZEIETESHH,
FlZICE TEZDIENTELUVRARE]

O FIELTUTEZEITTLNS
> £ DRSS ERGTHREE

> FEAERIYEIVLVER, EATHBHLREFFE
MPBERHE

[RF N FAIXXRE BRI Trans-Science
D EEZ E# T TENLLY
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4. BFDBESAICEAT=LL\2&(5/5)

O [HEMEENICREMZER 1L -T-RIT
EITTIEER)—FDOEN
© BURILERBZHBRYRIGLIN? ~EDRIMNG
BZz®oLTLED
O EARICHAIE->THIRVIEIERS
® “How safeissafeenough? = ZE£H1ZE
O NRUVDEEIIKREGRENSZHED (ex. HE)
O ZFOLERENSEZHFVDODDERREZLLGITNIE
FBIEL ~ #HRFOMHEE

RFAICEHLHIARE. HTEEXIOLIGHEER
FREZ DD NRIEZTDFEHNSOERBIZMIT TS
ALRITERZEARE
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(3#) Minerva

Minerva: A Review of Science, Learning and Policy

“Minervais devoted to the study of ideas, traditions, cultures, and
institutions in science, higher education, and research. It is equally
focused on historical as well as present practices and on local as well
as global issues. Moreover, the journal does not represent one single
school of thought, but rather welcomes diversity within the rules of
rational discourse.

The journal features peer reviewed articles and essay M
reviews. In addition, special issues are periodically Amﬂl@ﬁ@ﬁaymau
published on themes of topical importance.” o
19634, IRTE. Vol. 54

http://link.springer.com/journal/11024 XY
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KUCA BEH&RLRE R (2H 1T 5 RIGEFHlO AR EN S (ZRIT SR

FRPE— = EH O ! s = ORC
JEUN Gh Makoto ITO Cheol HOPYEON  Tsuyoshi MISAWA

TR RS S RSEREE (KUCA) D BEANEIRZEE (A ZEE)NZH61T D EBRIEEE 2 G0N T 272012, AZRETITD
VTSRO HFC, #RI70A LA U TR R, RRISOGEETS K OHBEREE ORIEFEOIE 5> & & AV CRRZEL Tl
U7z, FEBREANE DO FR & U TR ORbEAZERS SO OAENE 2 5D T2, FHEICE> T b DE
RAFFET D Z & 280 E X FHRICRT 217 — 2 I TRIKT 2 A0 S 2R ERIITIEMMARBLE 2— R AT 4)
IZE Tl 5 Z L 245 %OBEEE LTS,

F—U—F : MCONP6. 1, AHED>SHRHT, KUCA, BEHADGEZES

1. %5 KUCA-AZEARTIE, AT MLVORE EELJFOE LAY MLOZ B3 E3 JALNZIB T REISUGE,
TRV, SOGERI7e ENZHIAE S CnD, L, FBREORREIC OV TIE, Mitbigsoa ek L OWIEIC
RO ONDEEBOFREIZDIH PRI TN D, TS DOFBREIZIIANR, RGOk LOMROIX S o &
25 KUCAA ZEREA ORGENE TN TEY . 2 BT ISR S LA JF NI T KUCA-A ZEE5 B OS5
ZEHIE L, FEBREOHIEREZHOINCT S Z ENNEIIRD EEZDND, 2T, FRIEEOZ\ O EELFLB X
O B3 LA RAZ Mo G & L, iEDFERR)O EEREDIT HOX 23Red7z, AR T, FEROEZAMTIZH
WHNDEET — XK 2RV ROAFEN S I HNTT 5 Z & & BRI, IRERIITEIC X 2R e ST -
T, BT INVEFRDNDELIDEES S 7 A & EhE & FHEAE(MCNP6.1) Dk (C/E)% Y vz JENDL-4.0 &
ENDFB-VIILO & DT A 77 U MR EZRDT=,

2. YT EEL JFLS LN E3 JADNCD *1 BRAL T ABIOCE DRER
W, EERCTEONT-RISUSE & il EE1 core
AL ~ 3 ’ . experiment critical bias [pcm] C/E
PRl AT, BRAMBICISU D Reactivity [pcm] JENDL-40 ENDF/BVIIO _ JENDL-40 ENDF/BVILO
LB O D FNEFNOHER Bxcess  202+11(5.3%) T 425+9 663+ 9 093+008  0.80+0.08
e o e Clrod 807+ 37 (4.6%) 425+9 663+ 9 1054005  108+0.05
KOEBOE &Rz, 22T, FRO Corod 139+ 7(5.0%) 425+9 663+ 9 1034010  118+011
FHED S 1T EBRE O UE(RE & SR C3rod 502+ 23 (4.7%) 427+9 674+ 9 103+005  107+0.06
OFLER L OO AZE % -V CEHMM E3 core
e i o . L experiment critical bias [pcm] CIE
Lz, ZOFEBEICH LT MCNPBL 45 Reactivity [pcmil JENDL-40 ENDF/BVILO _ JENDL-40 ENDF/B-VILO
FOTF—A5 475 L LT Excess 252+ 11 (44%) 14418 37+8 105£006 095+ 006
o Clrod 526+ 24 (45%) -103+8 2+8 106+005  105+005
JENDL-4.0 45 LT ENDF/B-VILO Z v C2rod 410+ 18 (45%) 144+8 37+8 1034005  1.10+0.06
CEBIN AT oI TA T T R C3rod 314+ 14 (46%) 14448 37+8 107+006  106+006

DFER & 2B FE % FET 5780, 5  TRelatveerrorin%

77 ) BT LA U CRRIROSEE & IR A 5 R LT,

3. R AN T ABLOCE OfERAR LI, FEREOEN ST 5% CTh o7z, £72. EEL LD
PNAT AL EIFLOZNL Y HRENWT LRG0 o7, CE IZEBWT, JENDL-40 & AV =FHRE Tk, RRIKSED
AR E & - TLAN ORSEE CHERMEAFEL L7z, —J5. ENDF/B-VILO Z IV 723 A TIOR3k 20% 0
Y N, HEFRTEL DU TR 18% D RGHIA Wbz, T OZEROBENZFFET D Z L 2T hd, #atid
FENC K DRERENK XN, LT AN EE TOREIINEETH -7,

4. S FRIEITHOWVTOMAETME 1TV, MCNP6L 12X % CE BT A 7T VRZERAZHA L, 5%
MARBLE =1— RV AT AICK VT —XITRRT 53843 Hli L. £k, EREREOBEREZRETHZ L2 TEL
T,
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HERICALLNSERDEH
ENBR TR MREE T FOE D HERRICEDEHE

FRIRTE $75 & DIZHITEH : KeepinDE
m=) MCNP6.1IZ& B E T, EREMNEMT A RANHE

EE1 core EE1 core
precursor beta-eff lambda-i generation precursor beta-eff lambda-i generation
[pcm]  [1/sec] time [usec] [pcm] [1/sec] time [usec]
1 26 0.0124 1 28+2  0.01244 +0.00000 -
2 170 0.0305 2 172+5  0.03054 +0.00000
3 152 0.111 3 159+5  0.11142 0.00000
4 306 0.301 4 312+7  0.30144 +0.00000
5 89 114 - 5 95+4  1.13636 +0.00004 -
6 33 3.01 - 6 34+2 301559 +0.00025 -
sum | 774 | - | 43.0 | q | 800 + 11 | - | 311+ 0.1|

E3 core E3 core
beta-eff lambda-i generation beta-eff lambda-i generation

> recursor °
[pcm]  [1/sec] time [usec] P [pcm] [1/sec] time [usec]
1 25 0.0124 - 1 29+2  0.01244 +0.00000 -

precursor

2 167 0.0305 2 173+5  0.03054 +0.00000
3 149 0.111 3 148+4  0.11141 +0.00000
4 301 0.301 4 299+6  0.30141 +0.00000
5 88 114 5 85+3 1.13608 +0.00002
6 32 3.01 6 35+2 3.01421 +0.00009

sum [ 763 | - [ 430 | ‘ [7e9:10] - [295204]

[
KEREDHE - ﬁ,.\\0)$i’>31|”§0)5§=ﬂj (1)

1 : : :
x—b 1 Zn(x b)
P = T‘ﬂ"“‘( @ ) po) =31+ et ()
08 ¢ a = 561492 08 r c=6315
b =371.348 d=117
06 06
04 04 L
07 | EELFEDLD || °] E3%FIL 0
Tl AR IE HR AR Tl AR IE HR AR
’ 0 250 450 650 800 1000 1200 ° 0 260 460 660 800 1000 1200
il i 4 A TE il R
EE1SRiD :p(x) = =2 - —sin (F5=2) (a=561.492, b=371.348)
(1
E3J§F”E.\:p(x) =1 (1 + tanh (5° )) (c=631.5, d=117) @)

@ HK(1)I=Ci(i=1,2 3)@#1@&1&{@@%&@“"%&}(1. CilZB8J 5%l
BRIEMS;(0)E8D
Pci(x) = pci X p(x) *** (2)
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RRIEOHBE-FRRROFHEDNDE (2)

@ H2)ZAWT, BRFAKRBITH T HHIEIECIE X riricq TORIGE
pCi(xcritical)Esky)éo
® Ciz£s|EHELEBORBE:(Xruou ) EBRAITH T DRIGE

peiXeritica) ENEEEY , CHERERIGED KRB oess&T Do

1

pCi(xfullout) N e

FIES

exp
Pexcess

06 t

Pci Kcritical) 04 <

FIED

02t

0 200 400 E%’} 800 1000 ‘
e £5|FhE

RBRIEOHE-BRRFOTFHEDNDE (3)

@ OQADAEZERLIFD . RLBHBEMBDORERIZHLTITL. RERGED
RER(EporsZRD . TNLDFHELRRIEDFHIEQ - ET %

excess_average

® REIRIGEDREBRED T EE ey fess average EFDEEDCIDF B EER
(2)DEIEH RN DR . ChEERFIREIE 1T HCIO I HEAE DT HE

X critical_average & -d- 6 °
1

Pci(xfullout) R e ~

exp

08 ¢ pexcess_average

04

S
rd

02t

EE

0 200 400 g‘ 800 1000 '
R R DFEHE £5|ZikE
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[
REREDFHELIS

EREOFRENSDERELTHWNS/NTGA—S
ORRE RO EENE

KiDAMR:0.20% 5EiBAM:0.20% FEH:3.14%

) FThENDAEDBREGEMEESEDAE 3.16%

QEREAR DR D 13 5
NEAB00%EFELDHESICRESND
=) RO AEES.00%ETS

BEBOERENEERE [%)]
Reactivity EE1core E3core

Excess 3.05 0.82
SEBORBEHSROSNHBMER =D o :25 2w oo
EEREDRE [%]
Reactivity EE1 core E3core -
Excess 5.32 4.43
DRG0/ S5i—4ap Cl rod 4.56 4.52 > EVTHILAGEIC
“RMTREREDO  C2rod 4.96 4.47 i%@;%fj%i:rf
REEEH C3rod 466 458 P

[
RERELSTFEEDLLR -EVTHILOME

1

.acal  — cal ! —_1 .
%i“ﬁﬁ;g 'pg.%cess = pgﬁzan - pg:"litical T geal 7 cal (3)
L’J"llilcal flillout
. 1 —_ I I _ .
iﬁllﬁll#ﬁﬁﬂiflﬁ p\ﬁi%rth - pggitical - pf#op T geal T geal (4)
drop critical

REMGBAIZHEL
EMEBEROFREDREREEZERE

cacal 1 1 Teri \2 Il 2 ... '
REIRICEE : pShtess = xmean | mean * ( e 2) * ( nean 2 (3)
critical fullout kcriticaz k fullout
2 2
. ~cal _ 1 1 Tdrop Teri . ’
ﬁIHEM#"E‘“E'Pwor't.h — gmean ~ pmean + (kmeanz + (kmeitrr: 2) (4)
drop critical drop critical
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EERELETRIED LR — REMMIIFIE

El l — l l — 1 1 L
%*“EFE\E -ngcess - Pgilean - ngitical T gral - rcal (5)
critical fullout
. l — l l — 1 1 LU
ﬁ“ﬁﬂﬁﬁﬁﬁ Plﬁlaorth - pg:"litical - pé?op ~ gecal T jcal (6)
drop critical

‘ B R AEI 6 DS RE1ET B

RERIGE: pSilye=1———— =+ (5)

kfullout

F =R 18 - pC2L ., = - L 1 «ee (6)

drop

SR INATADETE

RERBFEEELTHILOGFEMCNPE.L)EDRIDERE
BERNATRAIZE-TERIT S

Sullout critical fullout

i {471:Apbias = (1 - kcall ) - (kMgNP - kMgNP ) s (7)

k<. EMCNP6. 1=k 2 EA EE H O E
‘ KMCNP b | TEERNAATAEEHE

critical

. 1 1 1
R, NMT R Appias = (1 —W) - (kMCNP — L MCNP )

fullout critical fullout

=(1_kM%) «es (7)

critical
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MCNP6.1[Zk4C/E

. \2 a 2
ﬁﬂJEFEE cal 1 1 + ( Teri ) + clean ses (3)
Percess = et e+ | a) Flepemn?) T )
1 1 Oy 2 g 2 .
W p15 00 = o — et |(ee?) * (o) " @)
drop critical kd_rop keritical
EE1 core -
Reactivity experiment C/E S FHAX: 510 HAINE:2 x 108
[pcm] JENDL-40  ENDF/B-VII.0 BEZLY 1 x 108
Excess 202 + 11 (5.3%) t 0.93+0.08 0.80 +0.08 B T—425475Y: JENDL-4.0-ENDF/B-VIL.O
Clrod 807 + 37 (4.6%) 1.05+0.05 1.08+0.05 B FERICHE TS (a, pEELRIEER
C2rod 139+ 7 (5.0%) 1.03+0.10 1.18+0.11
C3rod 502 + 23 (4.7%) 1.03+0.05 1.07 + 0.06
E3 cofe — JENDL-4.0:
Reactivity experiment J/E_ S5%RIZDFEE CTEREZHIR
[pcm] JENDL-4.0 | ENDF/B-VIL(

Excess 252 + 11 (4.4%) 1.05+0.06 0.95+ 0.06
Clrod 526 + 24 (4.5%) 1.06 +0.05 1.05+0.05
C2rod 410 + 18 (4.5%) 1.03+0.05 110£006 [~ | ENDF/B-VII.O:
C3rod 314 + 14 (4.6%) 1.07 +0.06 1.06 + 0.06 FEEF R K T20%:8 /T

T Relative error in %

MCNP6.1IZKBEEF/NAT R

2
ﬁﬁ]ﬁﬁ-"ﬁ pggtl:ess =1- Tj;mi (%) e (5)”
kf ullout kfullout
BIBTREIE : pC = e —
drop

ﬁﬁ’ {471 :Apbias = (1 km,%) L (7),

critical

EE1 core
Reactivity critical bias [pcm] H(5)" Ri(6)" 12k ACIE
JENDL-40 ENDF/BVILO  JENDL-40 ENDF/B-VII.0
Bxcess 425+9 663+ 9 303+017 408022
Clrod 425+9 663+9 052+003 025002
C2rod 425+9 663+9 204012 -3.60+0.19
C3rod 4749 674+9 018+002 -0.28+0.02
E3 core
. critical bias [pcm 2(5)" 2(6)" 1L ACIE
Reactvity —e0b120 El\[lFI)Z)F/}B-VII.O JENI§L)-4.0 ( )ENDF/B-VI o | > BFHEFARIMLIC
Bxcess 144+ 8 37+8 059+004  109+006 N BEFNATR
Clrod -103+8 28 125+006  1.01+005 DIERIDFERENNHE
C2rod 144 +8 37+8 131+006  101+005
C3rod 144 +8 37+8 144+007 0.95+0.05
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Ap(E70-)40) [pecm]

Ap(E70-)40) [pcm]
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Ap(E70-)40) [pecm]

Ap(E70-)40) [pcm]
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20 f

20 f
-40 |

60 L
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Al-27 B-10 B-11 C-nat H-1 0-16 PE all

S(,B)

U-235 U-238

: C3 rod worth

H-1 PE

S(e,B)

Al-27 B-10 B-11 C-nat 0O-16 U-235 U-238 all

SA4TSRBER O#RER (E3FLD)

Ap(E70-)40) [pcm]

Ap(E70-)40) [pcm]
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Excess Reactivity

Al-27 B-10 B-11 C-nat H-1 0-16 PE all

S(a,B)

U-235 U-238

; C2 rod worth

Al-27 B-10 B-11 C-nat H-1 0-16 PE all

S(a,B)

U-235 U-238

20

Ap(E70-140) [pcm]

Ap(E70-)J40) [pcm]
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S(a,B)

U-235 U-238

C3 rod worth

Al-27 B-10 B-11 H-1 0-16 PE all

S(a,B)

C-nat U-235 U-238
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| MCNP6.LI= S BCIER S UERR/ 37 ADHH |
vV #%T—35475")ELTIENDL-4.0E AL -5t E TIESWRIBRDEE CEREREZHE
Lf=A. ENDF/B-VI.OZRW-HE TIEIERELERESTNE25—IA M Ho1-
vV ARG ILHEWVEELFIDDAMNERNAT AN KELLGS
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kU™ LBREERERZ & B PWR RbMFEA DS ST

KR O/VK T4+ YrE AbH 2t
Kazumasa KOBAYASHI  Satoshi TAKEDA  Takanori KITADA

PWR ~D U 7 ZREBIOFIM A BB E LT, b U 0 LREBHA — LT L 72 0P.0 LR D 7 T AREHF.L O IR L
PEZERE L, b U 7 SREEERTIC X D AR O~ D BT 24T > 72,
X—T—F : FPilvFtE. B U LERE

1. #&8 TFE. N U AREIOBKIFCORANER SR TW5, £ 2 TARBIECIZBITORKEE (PWR) %
TT YT T REOD B CRERL S 1072 PWR SRy (U AFLY) & USSR LD D T VRELO—E%Z R U o7 503 7T wt%
WINENTZ R U w7 LREHCE & #2272 PWR .0 (U-Th 55.0) 12OV T, 315 22— K CASMO-4E, SIMULATE-3
EHOCTIFODFEZFRE L, U 7 ARERERTIC K D PWR LR~ DR A ST L 7=,

2. BT ABFEICHEWT, UMD, U-ThFLE BICHPEFOIRNLA D 722 2R 2B ARELE 2 RD, & L CRGH
MHEEZS (MTC), A UFHEMiE (BOR), Ky 77—l (DTC), 7 viLA 7ty b (AO) D 450D
FEDEFE DUV T U G, U-Th 0 CHE 217> 72, MTC, BOR 137K 7 HEIREIC HIKFET 5720, UL & U-Th
JFLINZIWN TR U U SBIREE OS5 FChbig L7z,

3. $#R-ER F1ICUFL, UThiED #1 UFDE U-ThIFLOMTC, BOR, DTC

FIEo MTC, BOR, DTC #/~r9, MTC MTC (pcm/K) BOR (pcm/ ppm) DTC (pcm/K)
_ P o BOC EOC BOC EOC BOC EOC
(ZOWTHL U-Th RGO A ERHEE R & Uil | 2227 | -67.09 | -646 7.84 254 274

FER L0 D, WOEM OWEEZIES TREE  yThise | 2619 | -7004 | -6.26 -7.46 -2.61 -2.88
MOBENENT D & IFLPICS S b P 3b 2 b L
SFOAMTIRAVE 2 R E T 5, oF 0 EeEMIREZ L
VZRE D P LIMTIRI D R DR, U-Th JFL o 5723 U
il L D KRE WD MTC ORI R E { ZeoTe L F 2 B
%, BORIZDUWNTIL U-Th JFL DS 3 ERMEI T/ N SUVFE R & 72
Do AU, FTh O1F 9 28 20U L0 & BMEI COWRIUTRFE )Y
KEWTH, U-Th 23 TEGEIR O 728 U 70 & b
L TR 720 R0 RIRELEAC DN/ NS < 72D Z & HFIA
ThoHEEZBND, DTCIZOWTIE U-Th 5.0 J5 3 is
EREVRER LD, ZHUXPTh 052 20 kv HIREZEIC e 1 2 3 4 56 7 8 5 100 1208 08
LD HFEARINDOZBA LR RKENWTZD THD EEZ NS, IRIT Burnup [GWd/t]
LIZ UL E U-Th FFLOBRBEREIC L% AO DZ b ETRT, X1 UfELE U-Th Lo AO 2L
AO I BOC 2B T U-Th IF LD 2%1E E kg S D, frls
IR U TR T CIIBOEM B B3 m < PRS0 S0 9 < 7 D, 2D & EFREI OG- E T, BB E
BTk D BREE TR O IEERIN DNBDT D03, W OFREEEIT N U 0 DREIO 3T T KRB i L TR E W, £
DI+ U 7 LRELOBREE LIS 2B RO NI T T R L i L TRE <D, T2 &5 U-Th
RO AO 23 U SR E i LT, Al 7 hLizEE X bild,
4. & AUETIEPWRIC b U ¥ MREHE 20 L7256 OB A FHI L 7=, MTC, BOR, DTCIZBIL TIZU
L U-Th P CEAOEbIEH 508, REREEIEmNEEZ b5, AOICE LTI U-Th LTI U ALK
D 2%IZEBEESND ZE 0o To, ABIZ MY U ARG, EhrEE 2L S B A ORI OV TR 21T
STV FETH D,
5. BEXHK
[1] C. W. Lau, et al., “Investigating of the Equilibrium Core Characteristics for the Ringhals-3 PWR with Improved Thermal
Margins Using Uranium-thorium Fuel”, ICAPP 2013, Jeju Island, Korea, April 14-18, 2013

Axial Offset
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AR A —h—I2B T T — 2 TS S FHERFR DL E

GNF-J O BHRES, R 1E, &1 1A, s HF
Kenjiro YAMAMOTO, Ikehara TADASHI, Kaneko HIROHISA, Yamana TEPPEI

GNF-J TlX V&V D& 2 TS & | 73 2— R LANCRAF LY 2 2 L—4 AETNA- =R ek ES A B R R
Hra— K TRACG OARFENSIZONWTIRFZHED TWD, ZO—BRE LT, BT —% 7477 U OGNSR
B SRR - T NT A —H b B TREE T U H LT Y U RICK ORI D AT LB L
TW5%, %@%%_waﬁﬂﬁékk%’ WMHATIT DT — F Rl SFHUIAF L O EAT T IZ OV TR T,
X—7J—F :BWR, V&V, #£58. SUF LY T 5%, BEMIT. LANCR, AETNA. TRACG

1. #8 &%®$&uh\ﬁﬁ%%ﬁ@%ﬁ:ﬁw3&mﬁ%ﬁ%ﬁﬂ%°:£éwﬁ§éﬁﬁﬁ%gﬁ%ﬁ
LCW5, HaliZe i i Cld, Foiatli = — R+ Afeh ST 4 F2hid™ 2 2 & CRTRE R ASSERHIZRIAA Y % B2
TEND, HOMEEE b OMIMEARE L. Z OMEIHBEEL B X 72 L 2L TR O M2l 2 72
O, MENSOERENRVAEE 8D, 22T, [Ialb—v

o LV OEFIRICET 204 F5 A2 1 2015] (CBWT, E

TV V&V IZOWTARIENE & IE, AR SITITRFE 72 R
N L FERAS RIS KD RN S D 2 DI I T D,

| LANCREEBIMEBERES 2 —IL |

/A\ BrHE

2T, CHERAR R LA RN ST L~ om B : :
LANCR Lib. LANCR Lib.

ICE WD S DT L RTEBERS & B STV S, P L Ll
BRI LB MDA v F o v xR A K. F | e IEIEEN]
R BT R EB DY, ZOEREEED T o e
B, ZO—BE LTHT—8 5475 U OFRH S kel e wrzwn | |/ ane
VE - WE DRI R OV 3Tl < T A — 2 25 B A i by S a Lk

B _ | | AETNA | | AETNA
WEHIiT 2 AT A EAEE L TV 5, e
2. VRATFL BET—EZFRHENIEZIMT 5 AT b E Fﬁ;’;\#l ﬁ;’?;\#n TE
L7z, BWRAEHT 2 — RV AT Ml (B FEHE—a i bateE T .................................................
DIBIE) & BORRNT & 72 Y RS DEFEFT 515 [Trace []... [T eace e
TR DY TN U EDNBENEIC L, FEOGEMOE —— ErEn
BIRUCRINT SRED RN Linb, TV S 2T T )y | eenms %Rﬁg?? /Tans

TR UTZ, KU AT AT, HTEHH 2— F LANCR
DEMETIR D IANTEARTENS &, LI 2 b—% AETNA
B S E D 2 & T, BWRIFLMAR COFDRERHEN S DM CE 5, I51T, ZIRTEEGE S BRI ERT =
— K TRACG #5692 2 & T, JLOIENE - FEITIZB T 587 —% 74 77 VIEROARSHEN S BFHMETE 5
(E1),

3. FMEi-FE-FE LB RATLAEMHMAL T, BWR FHFLEHE 2 5 LS 73R O EFIF LR EA~DOAR
e S DISHRIZHOW TR LTz, A%, JLOIEJE - FHIHTIC T 287 — 2 74 77 VIRR O AN S 7Hill 2
Ehid D TETHD, £7o, BT —F ORHEN SFHTIZHBW T, FHIEAMET — 5 74 77 U HIZRIT TO D Al
IS OKOHGEL S( o, BYDARTENS) ROHAE, BDFUERDO AN S Z I IAD TOWRWVERERH Y . 2 bt
WCHRNEZED DL TETH D,

X1, AR S FEAM S A T AR
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NS BERRARFIFEORT LD
-AE - KES v Y3 UEBELERFPRDOZESE-
Small nuclear reactor for dispersed power systems
1): Neutronics-Thermal coupling design of the reactor core for Luna and Mars surface missions
RFOFLY, FnE MG EHE OKES, WERM ESY R i
LR

FEROAE « KEFRECRENT, MURFHREZBJRE L72BRY AT LORNMAREZL N TEY, /g
Bom 0 BHERIENE - B2 EN - B2 U T PR S5 RMEEARE L TR 2 e o BRI &

AT LDOBRAFEEIT> TS, AR TR P OB OV TRHEZAT 5 .

F—T—F YR, T, VAT ARG BVERE, ARG, BEGER, BRLE BEXxa )T o

1. #E
International Space Exploration Coordination Group (ISECG) M-CiZ, H <0k RIZ 35\ T EHEEFHIEA
BT TERE LTURTFHFERMLETH D Z EDRRMINTND, ZORRIEFIFETIE, 15 BT
DI DI/ EDOE WA Z BN - X2 U 7 oM - BEAEMES RO BN D, £72, 20354 F T
WCFPESNTWDKEAARETIE, A7 L28MEL L TEKH 10-100kWe - JEEHH 8 L1 L - i
71 5Welkg BL L3k B 5P RBFZRIZ 2N S OFMEE M- TR TR A7 AOBREEE L, H L

BRI R EMET 2 2 L 2 HNE T 5. . o
2. VAFLAVRTF ml TIOK 060X ﬁ-ww
AL AT LOWRE O - BELHZ R 1 IRT. 0L TRAE = - 1
LRI E = h A TRV BEE V2 — A~k &, BET | oS [ e O roame R$§
- - n=6.2% £=0.

"

Va— /VNERNTZAED S S 20kW &L LTIY i Eh, — —— g
B MBS KA B RS D . BB ST A DRRIEROT S o
B VREE A B < L, hoOBVEEBN R Fo 712 # 1 225 MMk

BEVa—VREEZIERNT D, BIRORVY AT L gd I

B 12V AR DR & TTREAR IR D 00 D R B 5. e
3. fFb LR ERET

B2 IZARV AT LOFLLAT Y MNeard . BRRLerk - ex
2 VT 4RI 7280, 20wt%LL T OKEKE ™ 7 > R OUKFEL
F Vv BEOEES (i FHIREE 800°CLLTR) &2 Fl W= Bt i & L

Heat pipe

Fuel layer 3

Fuel layer 2

Fuel layer 1

2B.4em

7o, E1n, FLABRELT S AIC Be OBIfEH & AV, 2O, g2y A TR
Be [MRRHC BB S B RE IR L, P 72 208 & < B0 - i 2 BRICEAE L7z, WIC, 2K Be JBIZE
JEEE & U DR E A P S A EEI L R, xaCe— M TREICHE A Y — 7 2 FF -8 T
WO S IR 2 M 2 IF D LA 7 R AR L, O SR L - o 2T AR LA o7
SEXH

[1] “ISECG Global Exploration Roadmap”, http://www.globalspaceexploration.org, 20 August, 2013

[21 “NASA Technology Roadmaps TA3: Space Power and Energy Storage”, NASA (2015).
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ERTEHBHEEMFRPDHREZBERT S
EEFDET R OER IR T =45
NEL o3l 7, ERIREIN 38 T
Kosuke TSUJITA, Masato TABUCHI, Masahiro TATSUMI

SIRTCIRER BN R RS S R IS S HRLEHR 1 — N SCOPE2 DR R4 FHLd % Ml e tm Dati
DEBUZMT, BEACTFIEORG M O R FEORGEEE Ehi L7,
F¥—rJ)— F : SCOPE2, RAMBO-T, FE#fEF
1. H/|  NEUNFI TIZFORRFHOSE - FREMEom BIZmd, e CREMZRFHRE 7 TS S RARIF LA
2— R A7 A [AEGIS/SCOPE2] %% L C& 7o, HHZ SCOPE2 |ZRWNTIX, REMEHAIZEM A v & = DS
BEFHRIC X 7 mRBER R 1T L 0 D CRSIEE 2T 2 EBL L T\ D, — ., ZOHERIIIEFITRTHY |
RTINS . 2O A B 2355101, SRR GINEECW FIFH A A1E L C b A dsitRIRE RIS RE
% D, D ZUT, SCOPE2 D HERZ LT 5, LV HHE 2 2 FOIR VI FEICBET 2 FWENE £ > T D,
ARETCIL, RHEEGH R R LS < JFOEHT 27— K RAMBO-T % V7= SCOPE2 ORFHAE RO BT 5
it 2 i L7z,
2. BHEEM 1CRDESRER - FLFE A HWT
RAMBO-T "C SCOPE2 DFMHEFE A FHELT 255,
BEBEEE AR D O T OIILAA DA IEIZ L

///’
)
%

g
EARFE LIF DR TIE T A0 ML S J—FHl= ””
feth, WEOERAEIT 5 = & 23D CREEC BRI §\gg
5. GAICKRHTIL, RAMBOT 0> BEHLHCGH = NN
DT E, EEHHR TR LR TR §§\§?
%, EARIICIE, SCOPE2 OOMAEHEENIAZ BEIE \six//’/?
TR TR LNIEL ) — FOBISRE O T \,ﬁ

MERFET D L 91 — R & AN+
EEtET 5, EREfH9 52 & T, RAMBO-T X
SCOPE2 DitHEfE R a4 522 HH T 5, (X 1)

3. BiE 3 v —7 PWR #FIEERHRLOEIREH IS

PRIV AY S 1 £E5KNY
A m24/—F A m24/—F

B 1 FOMARIZ I T D B LT AE OFHA

b

#1 3 L—7PWR EiREH 15T B s

12331 %5 SCOPE2 & RAMBO-T O kil & i L 7=, SCOPE2 | RAMBO-T | (R-S)/S
# 11RT3MY . RAMBO-T 45 SCOPE2 03+ 4 Kint 0.92269 092266 | -3pcm
R CEROOEASEE BT S L AR LT, | RKAERIH) 1.654 1.654 0%
4. £&& SCOPE2 MFFEINHIZ R 2 B % soi f%jf;; ij,\fs 0'1_48 0'1_48 322
T 570, KVFE R bR CREEHGHE % N 130 sec 1 sec

VN SCOPE2 OOk KHR BT B Pk ik 5 4 7 AR (@2a=7) | @127 )

B9 2 IEICB DAt & 93 Lz, #iRE LT,

*R:RAMBO-T, S: SCOPE2, B4t « mise K EER

SRR e it Al TR N N G ISV g Wl T SV e ol B R R U g BB R N 23 T gl S e N e 1 o
Ry LT, BHAMREHEITE 2 2 L 2MER Lo, 41&I1%, SCOPE2 THiEfit v FAAHE S TV ARnAT
J L TFVEEOTD BN DR 2 F 5 TRETH D,
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& LALVBSHEREM O SHRILICE T =
W IHPEFIBEITY AT LOBRFE

bRy Offi| K KfnE BG M BEA Al B2
Daiki MAEDA  Kenji Owada Naoto Aizawa Tomohiko Iwasaki

i L VU YRR OHIE L3231 2 N TN U 7 O P FREHREHT R L TIRBESRM-ORERE R D& L, &
MUS K DT AT FIVOEATR & & FERINT B8 LIt o 27 L ORRGEHBIRE 21T - 7=,
*—TJ—F : HERS. BEHEE. RBEHE. PHEFARY MVEER

1. 8B BUE, BPETIE, BREH A 7 WCBWTIRAET 58 L VBSHERESRE X, T A B L% I HE
o3 $ % T58 T %D, LnL7RN S BREIO EIRBERE L MOX REFORE T 1 0 BEFEMIER 2 L. BEFEW /)
S OB YT AEINT 2 & BB OREHREIC L2 AT 7 OMREf RN RS SN 5, € 2 TR T
B TRIRBL D IRBESATITIE CTo BEIE 6 LT, HUB AWV IRF O ZARIMILSTEBREZI IS %t 135 2 ErICRAT L
AU THEREDRENEZTHE T 5720 D a— RV AT AR ET > TWDH[1), ABIETIE, BEFEMEZRE DL
(231 2 S ORI & BEFAARUT IS UTe 7 AT b L OFRIT DFERME 24T - 72,

2. ARY MIVERRERS S URETFIBARTEIOBRFE IS o 2 7 AT EICBESERM AT D, Bt
T AT N IVIRHTER, W55 - RHTE CHERL S 4L T2 BEEAHHAARHT CIIRAL R TRAS Szt &k
BERHH =1 — K HIDEC Z I TRBIOIRBER R dS LML R DA RIS X 0 BEIEM OMB 2 53 5, i
T AT SV TIEL BRI (an)BUG & BRI RBUGENCIUCT ST LD 5 b, Ik bEEO KRS W
DN KD PPET- AT SV RE LT, KO FEMRBENT O 72 DI TFIR AT B AT 22— R
SOURCES-4C[2] & FIVN T - AR MV EfRAT LT, A M35 Tl 1EkiT MVP2.0 2 VT
WS35 DO W35 2 KT L N2y 135D AT O 7 OB asBhfigtT = — N PHITS[3]% A\ T8
DTG ORT 24T > 12,
3. MERFEHELDLE PWR OIRBEE 45GWd/t
D UOX BREHZOWT, ERFIE L FTHFIEL
NENTHHEF 7NV ADENT &{T -T2, AL
57 iM% 1000 4= & L, 0, 30, 50, 100, 300,
500, 1000 FZEFHHRAT v 7' & LTENEND
ATy T ORMETF R EZRFH T2 5 Z & T
WGy DT 7 N A B R R LT, ST
RIEE 2 RELY & & L RRROAG KR E L
720 B LITHTHLT A COMATHE R 27”3, PHITS
TG T — 2 B3 SN D 7o D354 2
FIRNICEERR LT < oo TV D, T 71—
¥ ADFRIEFHERTFIET 7.75X10%[n/em?], 1 5% 1000 £ TOHFHEF 7 LT R
BHLTIET 929X 108[nem’] TH v | B TIE
TR THEL Y bRE SRl L7z, ZAUE, FFEMORFEL Y P A7 b2 < FHl L TR Y |
TBFHEBIC BT B i & U CRE L7Z IMeV LU ED P EF 238N Lz 72 L B 2 B b,
4. ®BE WoBTIEFRINT S AT DTN T, Bt A~ M EITE OFERME & PR O W k21T
ol BRI, vROFEE BRES D200 v EHOINTE L Oy BRART MV OfT 21T 5 TETH %,

223 3CHR
El]jﬁﬂ i i'l%f“é?, FRELI, SRS Z, FBEAN, [T ABEUCED S ORI X 5 HFL BB T 2 5%
BT, TR 174 2016 EARDAES, 2016/03/26
[2] "SOURCES 4C: A Code for Calculating (alpha,n), Spontaneous Fission, and Delayed Neu-tron Sources and Spectra”,
LA-UR-02-1839  (2002)
[3] T. Sato, K. Niita, N. Matsuda, S. Hashimoto, Y. lwamoto, S. Noda, T. Ogawa, H. lwase, H. Nakashima, T. Fukahori, K.

Okumura, T. Kai, S. Chiba, T. Furuta and L. Sihver, Particle and Heavy lon Transport Code System PHITS, Version 2.52, J.
Nucl. Sci. Technol. 50:9, 913-923 (2013)
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[1] IAEA, Regulations for the Safe Transport of Radioactive Material, TS-R-1.
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i=2 1.15E-08 1.99E-08 3.18E-08

» IRLari=1(z~100cm)--------- i
f4EFiRj=1(z=0cm) E 1= (j=2(z=200cm) E DEEEEEZE LLY |

i FilR= 1l EZ= R REF
»Ciz1,j=1 < Ci=1,j=2
- IRIHEI=2(z2600cm)- - = === === === - == -- - oo )
MEETOPREFRIDSUVMIE
>(_Flrﬂ:[-‘)ci=z,,i=1 < Ci=p,j=2 < Ci=z,j=3(J:¥lB)
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) % ML-EM;%:Forward
B MPMI;&:Adjoint
% MPMIi%:Forward
ODEfE

9.00 |

g 4.00
ﬂ" 3.00
2,00

1.00

0.00

1 2 3
i PEFRES
ZR.PMEFIREEROHETEIE 13

* ML-EMiE. MPMIZEDHETEE:-EE IR —EX
s FERDHHEFHRHIENAKE L VEEE
>EREZRICBITDFEOEMHE
> NEHRREDMETE (CEATE 3 a8EMH
* ML-EMGEDAH—EH D URLY
>EEDIRE
ML-EME:RERA MPMEEL2/ LAY
5[ol, MPMDZE(C CIRE 7R E/) G (L HEL )
—HREYIMERZ R T (T, IBELAAARE
« Ry, E UCEtE LI BZ{ER

>y DFfa TRVAE, HRILHESRRC,;DETEENRIEL
FIXDTENBR SN TR,




=N CE&J * ’%'Iféd)é%i 14

FEFETEROAITEIEZ AU\ EIEHRIRE D MIETE FE

DIREY

> EHE 7w AR R U I RGBT R (CCTHRELE
/SENEER

o ML-EMES KU'MPMIEERS, IEHRIED MOHEE (CEAT

=20getE

« Forward/Adjoint?4FR(C K DREERZETE 0] 6E
SEDRE

o EERZEMOJEEIMARICT., STERREERGRZLERTD

o STEARR - REEEMIOE DT (IRH2REY - SRR ES, TRILF—)

o STERMOBIEC(TRILF—BEEL. BELRER. BEnXstEDOEM)

o ERAES. k. REOFETNESFICKDIAENS

« MFEDOFHEOWEET (SEIEML-EMEDA RN —EAD UELY)

- MEiEHERIETEARRDIRET
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TRANSNUCLEAR TOKYO

% 5 [ NFHEEMHER]
=# 2016%F 11 A30H (k) ~12 18 (K)
B REREERFIFRERAR
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Q @t FEX0EH
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O RFETIE, HEYHMONTOLEVRMAMFOPMEF, AFLEDEENMESINEHEXE
BHYDAEZHENT 5. UTOFEIYEMICHHEFHICLEEBLZLDTERL, #EEA
BANDDLGEELDTHEMNZEHBAT SDHNEMNTH S,

o & = (®1,®2,...,2N) €ERXCRY (A—=9U v FERORT N € N) : HEMIZES
RRFDAE
x| = (22 + 22 + --- +2%)Y/2 : BE, SO

o v = (v1,v2,...,vN) € RN : KIKKFODEE
lv| = (v + 02 + .-+ 02)/2  KIFMFOERS

ot >0: Kl

o u =u(xz,v,t) : Bzl t ICBTDNUE x. FE v OD[ARFOEE

0 G % ax—vZEMH RFOMEZEHE) OEEDMES
(G C R2N =RN xRN = {(z,v);z € RV, v e RN}) &Lf=EE, D

/ u(x, v, t)dedv (1.1)
G

(XEEZ] ¢ 2R G DHICH AT FDERZEZSZ D, PAIZ u(z,v,t) DERIZEITS
EBSITYMEMICIE., AEGERZFE>DTOWEVWI EITERELE S, HFEMICIE
u(x, v, t)dzdv [ R2N [2HEITDAELEEZINELL,

o u(x,v,t) BHEESNEHEREWC,

FSURZa—UTHASH RE B XA & (A 2

WEAREXDOEH

FTDICLUTDOIEERET 5o
o [ADEMRMREISHAAMERNHF SINDEERTEHORJEHFIFET Do
o [UAMTFIFL - IXEENFLEDAMEER (FR) 2170\, [RKNFRETOBEEREL
W (B LKA FRITOEEERLAHNIL, @EAEXEHRBAERXTIEIEL FRIEAEX
EED) o
o MEMNEMRMKEEIIALDHEEEAICLIEEERITAL,
o COREMNLET, [IARDERMKEZKRDUEL L UREICEHT 2BESMEMICL > TaEREL
F2EVSDOIEMEARRNEREICERET B-OICSHICRDIEEZRET 5o
o [ARFIIREEH T LDEEDHZRVDTIXTHENFICHK > TERT S,
o EMDNME. BICKANFORE LEHRY HPERIBRMET .
o TNHLDREIX, BEDOIAFERENDHNET I, ME BICRFFEF) OBAOHEFA

VIR, HAVFTRDEHEEZSBEITALMICKRYI->TINS, ThETADIGEE. [EHFEL
TlE. FEREN ST NE=DFPEF. PRFELEIRAFEEZ D,

FIURZ a5 Y THASH IREK ER AR &I ?




WEAEXDOEH

SAEE n BOKAERFILLELEEDEL. IERFIZ1 Ao n FTOESEDTSH, j FEEHD
SHEBFOEREEZ I = (ml,m%,...,mN) EEE v = (vl,v%,...,vN) EELZEICT
niE. CSIEEEZ t O I = 2 (t). vI = vI(t) THD
SEHTFHIEERFEFHRELTOENE T, FRTBRIFEICEY, 2, v [F=Za—+Y
DEEFARRICHES, T4DH5 a(z) = (a1(x),az(x),...,an(x)) ERAEKFITERLTL
ARNETHIE, [IEHFOEE =1&LT

dst _, av

7 = v, E:a(wj), j=1,2,...,n (2.1)

MR YD,

p(z,v) & (z,v) DEHKT, RN x RN TE&EIN., =, v ICELTAETHLMAAEET. HD
RN x RN ODHLEEREEDNTIHEZEMIZ0 L%5DBD (p € C(RY x RY) #iER
B EES) &T5H, ROMEEZ S,

n

I(t) = Y o’ (t),v7(1)). (2:2)

j=1

I(t) ZE% t DB THS. I(t) O ¢ I=ET2EEREEET 3,

FSURZa—UTHASH RE B XA & (A 2

WEAREXDOEH

AT = I(t + At) — I(t) (3852 At [SHT 2BHTHB, At EHHIE GRRE, Bl At
ORIICIEEMT & (—ELL) HRT 25HMFE. —ELHELAVERMTICEAT, 20
HIEERBISDENEEZTENTHS S, DRIC AT 1F At ORI EHEEHT EHRLY
DWEHHENSDES AL £, —EUEEHET 25HKHTFOZN AL EQNTEZ 5N

Al = AL + AT,
L(t) =Y e@®),v®), L) =) ¢@ ), ). (23)
cl c

EEL. Y, B—ELERE LTOAVRKRTFICONTOMERS S L £BHKL. Y, F—F&
PR U HTICET 3 TH B, - CREHTFRLOEREES 540 ERE L.

AL ZitE3 5, T4 73— DK EFEL. At D 2 RULDIEFEATNIL
Al = Il(t —+ At) — Il(t)

= (p(27 (t + AL),v7 (t + At)) — o(27 (t),v7 (1))
cl (2'4)

da? (t) dp(x? (t), v (£ N dv? (t) 8 (2 (t), vI (¢
_Z(Z p(x? (t) ())+Z (t) B (2 (t) ()))At

P ox; ] dt ov;

2185, (2.1) ERAT L

AL = AtZ(Z +§:a-(wﬂ')8"’> (2.5)
7'8:07, i ¢ 8'1),; ) .
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WEAEXDOEH

ECATEELGVDIAMFORIIERT SR FICLENEREMIZZWNWEZEZLDTH =M B,
(25) ITBVT X, &30, CEEMATHLIVEMEG>TWS S EMHFENS, SIS
u(x,v,t)dedv DNBIETH> b, COMEERICESBATKL, T4H5

N

N
Al = At/ (Z vi&m;v) + Zl ai(m)M>u(m,v,t)dwdv (2.6)

RN xRN i—1 ox B’Ur,:

=35

RIZ AL #5895, —AOKAKRFHERM At OMICIEEHRFEERT HHEEIL At H/NS
FhlE. At ICHBlITEEZ NS, ERHLEEE X 2ZOLBIERET D, D 3, (FEEF
DHEBEICE>TOHEF S (RAKFEBICHELLGVEREL) . ¢ [ (2, v,t) DEHK

3¢ = X¢(x,v,t) EFEZ D, HEDHENRZ . ME ¢ RUERT 2[ARFDEE v [
KOTERDEERD, LIEZA>THHE At DEICx — v M G T, BEHRFLEET 5K
FIFDER &

At/ Yi(x, v, t)u(x, v, t)dedv (2.7)
G

TEZLND,

FSURZa—UTHASH RE B XA & (A 2

WEAREXDOEH

[ANFITEBERFEEEITLHEHEEINZY., HHAVWERAKFNPEFORLFDIFZEICIETE
BRHFICRINENEZENHD, SHIZHEFDIEEIEREZTOEMMNIEZ S BEHR) Z&
NHbd, COEELRED—FEEEZLH I LITTNIL. BHELR. HFOREILEDHS (f-F=L.
MERFOMEFZEDLLLRWNET D), EE v OK[BRFHLEREE., BE (BLXUZELH) I
KOTEDREREN v [THBHEWND (FHDE) MEZE k1 £ 5, k1 & (z,v,v/,t) DA
ki = ki(x,v,v',t) THD. k(z,v,v',t) = k1(x,v,v, )¢ (x,v,t) EEEZTNIE, B
Ml At OFEIZ. ¢ — v ZRIOMEE G T, ERHELICKL > TEMNT SR/ AHFOERKIT

At/ (/ k(x,v,v,t)u(z,v’, t)dv') dxdv (2.8)
G \/RN

TEZBND, BRIZ At ORIZ G TRAHFOEROBMERIE (2.8) 1D (2.7) FE3ILM=
LOTHD, ChEY At ORICEERTEHET 25METOBEE

At(—Et(m, v, t)u(x, v, t) + / k(x,v,v,t)u(z,v’, t)dv') (2.9)
RIN
LGB ENOMND, PAIC

AL = At URNXRN (—Zt(zc, v, t)u(w, v, ) -

— / k:(a:,'v,v',t)u(m,v',t)dv')cp(:c,'v)dwd'v}
RIN

Thbd, 85
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X AR DEH

SOICHEROSEMTORER GMBER) AH-oT. SHHFERELTLSEDELES,
At ORIZHEE G TIE At [, S(@, v, t)dado B (S(z,v,t) ERERORSERTEL O
SHHFIREESNEDDE L. Al ~OREENTS5E Al EThIE.

Al = AT + AI; + AI3 T, Alz &

Alz = At (/RN S(m,v,t)cpv(a:,'v)dacd'v) (2.11)

TEZLbN S,
=EZIC (2.1) & u(z,v,t) DERICKY

I(t) = / u(x, v, t)p(x, v)dedv (2.12)
RN xRN
THAIND., u(x,v,t) Bt I[TDOVWTHAATRETHLIE

Al = / (u(x,v,t + At) — u(x, v,t))p(x, v)dedv
RN xRN

Ou(x,v,t) (2.13)

= At — 7 dxd
. /RNxRN 5 p(x, v)dzdv

ThHhdENDHDMN D,

FSURZa—UTHASH RE B XA & (A 2

WEAREXDOEH

W ZIZ(2.6). (2.10). (2.11). (2.13) & AI = AL + AlIx + AI3 IZEETIIL, #EREE

D p e CRRN x RN) 2L T

/ Ou dxdv { (i v O¢ + i (x) O
- — u g a;\
RN xRN Ot v RN xRN et Oz, = B,

)

g (—Et(m,v,t)u(w,v,t) g /N k(x,v,v,t)u(z,v’,t)dv’ + S’(az,v,t)) go} dxdv
R
(2.14)
PRYIDI LTS, COARRZEMEABRRXLEEZALIENTES,
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X AR DEH

HE AR ZEEDEI MO ARROBICELCESHIZ. uldxc & vICEALTHAAIRETH S E1R
EL. (2.14) DEDTHAMBETLN. o I3 2] & |v]| BRENECHTO0 LB D EIZEET
NITBERERITEZT

foan [ (158 + o1 o

(2.15)
[ Al ( ou | du )}
= —/ v; : wdxdv
N RN ox; = ov;
L BHEMD, (2.14) [TRDOWIZEITD :
/ {8’“ Z (vz Ou + Z a;(x) 8u) + X¢(x, v, t)u(x, v, t)
L oz (2.16)

— /RN k(x,v,v,t)u(z,v’,t)dv’ + S(x,v, t)} pdxdv = 0.

FSURZa—UTHASH RE B XA & (A 2

WEAREXDOEH

NITEED p € C’g°(RN X RN) 2t LTRYIMLIDOA D, ENEDEREEICEY., (2.16)
DEDO [ | MIFEZMIZ 0 THHZEERLTNS, T4Db

N N

du(x,v,t) du(x,v,t) Ou(x,v,t)
——_E: Q,i—+§:aiw— — 3¢ (2, v, t)u(x, v,
dt : 1( Ox; — (x) B, t( t)u( t)

+ / k(x,v, v, t)u(z, v, t)dv’ + S(x,v,t), (x,v,t) € RN x RN x ]R}i_.
N
. (2.17)
AREX (2.17) ZEEAREX LS,

=L, REFOLEFITH L THAMAADZENENVELTEILD S a(x) =0 THY. CDi5
& (2.17) &
Ou(z,v,t) i v, du(x,v,t)

dt Bx; St (z, v, t)u(z, v, t)

=1
—|—/ k(x,v, v, t)u(x, v, t)dv’ + S(x,v,t), (x,v,t) € RN x RN x R}l_
RIN

(2.18)
EEMTD,
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Ftz. (2.17) £ (2.18) D Y. DEBDHEREZRNEERAVWTENETNRET H L

t
% = —(v-Vzu(z,v,t) + a(x) - Vyu(x,v,t)) — Z¢t(x, v, t)u(x, v, t)
+ /]RN k(x,v,v,t)u(z,v’,t)dv’ + S(z,v,t), (x,v,t) € RN x RN x R}i_
(2.19)
&
t
% = —v - Vgu(z,v,t) — Z¢(x, v, t)u(xz, v, t)
+ /RN k(x,v,v,t)u(z,v’,t)dv’ + S(z,v,t), (x,v,t) € RN x RN x R}i_
. (2.20)
[Z75 %,

FSURZa—UTHASH RE B XA & (A 2

o BEOEFFMEZOEE CEHIN TV IMEAEXOUHA AL FL RESHETH
EHEREEE LT,

o ANETHATWHTEIFWIERIC HHLMICEMEL LD TRV, ETFYESTHE
A¥ Mt AEANER SN S,

o AR (2.17) DB AL

o T. Carleman, Problémes Mathématiques dans Théorie Cinétique des Gas, Almqvist and Wiksells,
AB, Uppsala, (1957).

FSBINT-LY,
o BEAIT (2.20) 2T B IEER P M FEEAEXDO—HZELT

du(x,v,t)

- + v - Vzu(x,v,t) + ot(x, v, u(x,v,t))

= os(x,v,v,u(x, v, t))dv’ + qg(z,v) (x € Q1, v € N2, t > 0)
Q2

EEFTHEL, (3.1) ICHAT 5B

@ C.V. Pao, On Nonlinear Neutron Transport Equations, Journal Mathematical Analysis and
Applications, 42, 578-593 (1973).
ZEBEINL, COSEXMTHBOFEE—EMIZONT, EREERAEXEREFE
W EBREREAVTIERALTLS,

(3.1)
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BWEFRAZEDRS CHENCHETION

fEHR Wilfred van Rooijen

Abstract

In numerical analysis there are two fundamental approaches: one approach is to discretize the phase
space into (small) elements, and the other approach is to apply a functional expansion. In the case of transport
theory, the approach through discretization results in the so-called SN method, and the approach through
functional expansion leads to the so-called PN method. Both methods are discussed in the lecture. An
alternative approach to transport theory is so-called integral transport theory, which leads to the method of
collision probabilities (CP) and the method of characteristics (MOC). MOC will be discussed as a member of
the family of SN-based methods.
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HIX TR

o kM7 THhMETJHI 2% X%
o EHIRTE
LT Y =

Q- V(r, E, Q) + Zi(r, E)i(r, E, Q) = Q(r, E, Q)

LB AR
V- D(r, E)Vo(r, E) + Xu(r, E)o(r, E) = q(r, E)
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FEFIRICDWNT
o BEIZ X B M TR

Qs(r, E, Q) = / / Yo(r; E' — E, QY — Q)y(r, E', QY )AQYAE

0 4m

o B FIT X BEFF

0.0 48 [use )] [ e e e -
0

47

%’f) 7sz(r, E"o(r, E')AE’
—@m_

92
Van Rooijen (f@8H A% N fff) BXEAEXDOEE S SERE 28 £ 12 A 1 H 4/29




HXIEER vs. ILEUER

o HIAFEGR & IEBHR O AN ZE N - FEFOAAE Q
o 125 P G /N EL

wnaﬂ)¢0£ﬁ3/wnaﬂmﬂ
4

_cﬂ> University of Fukui
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BIERTOER - 1

o SFEX
o [MEDAIMZEM] (J55E : phase space)
o it ff

A

Q- Vi(r, E, Q)+ Zo(r, E)i(r, E, Q) = Q(r, E, )

0<x<100cm

0 <y <75cm
—10 <z <45cm

0 <E <20 MeV

0<Q < 4r
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o frFHZE] DEftEAL
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Bl - GIAEHZZEOBEEE - 714 T —I&
dN(t)
= —AN(t
1 (t)
o fNiFHZER: 0 <t <20s
o (itHZE[HDEERAL : t[n] = nAt
N DAt — N[iA
(ES R
At
N[(i +1)At] = (1 — MAt)N[iAL]
N[0] = N(0)
_JJ.> University of Fukui
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@ Legendre Polynomial expansion:

Z (21 4+ 1)fP(1)
=0
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o () = 1n
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Sn ik & XIS

@ 3IRILDZE] : 8RR TEET S
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SNIEDBEEH

° 2IRTDEM%EEZD : (x,y)
o H 51, ZBINT S : Q= [1n, n, Ca] T

A

6 X, ,Qn a X7 7Qn
" Y(x,y )+nn Y(x,y,2n)
Ox dy

-I_ O-t(X7y)w(X7.y7 Qn) — Q(X,y, Qn)

_cﬂ> University of Fukui
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SyEDBEA

Ax;

Y I I
J4%—
Yien ~
Yl s xi'y] A vi
= i 2

Yi—w

Yy

| X
l” X, %
Xi—n  Fau

211 21 -1 211 21
77bnij = [0‘,’1' —+ h + ”] [ n¢n,i—%,j € ;_¢n,i,'—% + Qnij

Ax; Ay AXx; Ay;
_JJ.> University of Fukui
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Sy sweep

B

56 57
@ A atm A 299

46 48

5 B

41 42
o A g A uw

31 33

Yiew 26 ;z
Y, ¢ A 178 A 198

16 18

8 )

Yi-% 1 12
@ A 28 A asm

1 3

. et 5
a Xi—s%

® Known boundary flux
® Calculated flux at cell interface
4 Calculated flux at cell center

Sweep order is determined by direction of solution Q
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ARDEHEER : PyiE

o 1IRITDEMZE 25
o INMNHRENTT B HIKIE2RIT, 3IRITTDERTHHEILTESITLE,
NANTFEAZ < W

f(p) = (21 + 1)fiPi(p)
=0
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Legendre ZIEN T T L7z

Po(p) =0 Pi(p) =
1 2 1 3
Pa(p) = 5(3u —1) P3(p) = 5(5u — 3pu)
1 d o, /
Pi(p) = 2011 (v =1), I=12,...
1T 5
1 P, __Oow
. / Pi(p) Py () = 5
—1

pPi(p) = 5 [0+ 1)Pria (i) + 1P (4]

_JJ.> University of Fukui
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Legendre Z T3\ D

Z (21 + 1) Py
=0

Pr(p)f (1) = 2(2/ + 1)fiPi(1) Pi(p)
=0

1
n)du =321+ Dfi; [ Pl)Piln)dn =

| N =
H\I—‘
‘U

1
%/Pk(u)f(u)du =1
~1
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/k7'13$A H*E_t

p P o = ()

Y, i) = Y (21 + 1)P(p)ei(x)
=0

Y1) = Y (21 + 1)P(p)ei(x)
/=0
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Legendre B

50 1
S+ 1){% [ 1P )+
|

I=0

1
>/ P/f(u)P/(u)U(X)w(X)du} -
51
1
5 [ atcn)Prn)dn

-1
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Legendre B

I dei—1 1+1 dei4q
2l +1 dx 21+ 1 dx

ERAXETOAEE? AHHE !

+ oy =q, 20,1,2,...

= on+1 =0

I dei—1 141 dei
2[4+ 1 dx 2l +1 dx
N dpn-1
2N +1 dx
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+opr=q;, 1=0,1,2,....N—1

+opNn = gn




QOutline

eSLE
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X HE T DR

o 0-Vy =09 +any 282 LI Vi)

X Ox

d A ) A A A A
azp(r + uS2, Q) + o(r + u)Y(r + u2, Q) = q(r + uf2, 2)

EE

R
w(r, Q) = /dR/Q(I‘ — R/Q)e_T(”r_RIQ) € w(r _ R/Q’ Q)e—T(r,r—R’Q)
0

R/
m(r,r — R'Q) = / o(r — R"Q)dR"

0
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“Piecewise homogeneous” 815,

o HMETFIIMEI / ICAD ., BHEE/ ZTRSIRS ¢

/

() = [ oudR" = o
0
/
¢(/, Q) = qi(Q)/dee—Ut,iI + w(()’ Q)e_af,i/ _
0

qi(2)

Ot,i

1 e 4 (0, )
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XS0 ) AFYvIRE

Method of Characteristics (MOC, ¥ ¥ 727 X AF v 7 AIkK)
FIRED A 2R U 20 & W Ty

Sy &R AT I SFHEI NS

MOC OFfE : T BZREETIEREDOIIR] [ZHEHETESZ &
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