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Abstract

The purpose of this research project is to obtain knowledge to appropriately review the
results of shielding evaluations using Monte Carlo particle transport calculation code used for
license applications in the fields of transportation and storage of spent fuel, etc. The project was
conducted by S/NRA/R from FY2020 to FY2023.

When an analysis code with no or poor usage achievements in license process is used,
regulators have to confirm the appropriateness of the application. One of the methods is
technique of Verification and Validation, V&V, for analysis codes, which have been studied in
recent years. Related a standard “Guideline for Credibility Assessment of Nuclear Simulations:
20157, has been compiled by the Atomic Energy Society of Japan (AESJ). In this study, we
developed specific V&V procedures for shielding analysis using Monte Carlo codes, based on
the above standard and incorporating the opinions of outside experts. As part of this study, we
conducted validation experiments and some trials of proposed V&V procedures using a domestic
Monte Carlo code, Particle and Heavy lon Transport code System (PHITS). We have improved
the proposed V&V procedures by incorporating the knowledge gained from those efforts. Finally,
the results were summarized as a “V&V procedure manual of shielding analysis using Monte
Carlo code in the fields of transportation and storage of spent fuels”.

During reviewing an application by licensees, regulators also have to confirm the
reliability of evaluation results. In this study, we considered the reliability confirmation method
for the shielding evaluation results using the Monte Carlo code, referring to a results report of
the research expert committee in AESJ “Development of shielding safety assessment method for
radiation shielding evaluation of transport casks by Monte Carlo calculation” and incorporating
the opinions of outside experts. As part of this study, we quantitatively confirmed of the
reliability confirmation method considered in our study by verification analysis using Monte

Carlo code. We have improved the proposed reliability confirmation method by incorporating
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the knowledge gained from those efforts, and finally the results were summarized as a technical
document “Reliability confirmation method for shielding analysis results using Monte Carlo code
in the fields of transportation and storage of spent fuels”.

The knowledge obtained through the above research process was utilized during the
research period as well in permit reviews in the fields of transportation and storage. The technical
documents created in this research will be used as materials for confirming technical validity in
future licensing examinations.

The trial works on the proposed V&V procedures using the PHITS were commissioned to the
Japan Atomic Energy Agency (JAEA) and Research Organization for Information Science and

Technology (RIST).
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Table 2.1.1.1 Example of a classified table of elementary processes for V&V scope
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Table 2.1.1.2 Example of a classified table of transportation phenomena for V&V scope

(Spent fuel dry storage facility)

Y ME J& & i 5 HL G
R 27—k ®Ocn~@®m | Fi

R | R 27 J—F Ocn~O®m | Ei
B |22V —bh, EX | @om~@m | FiH, ANV -7
KA R OQcn~@®m | A AT v AL

i) 115 Ocn~@®m (/T ULRUx AL
K Hb a7 J—Fh O®@cn~@®m | VTRV AV

7K Ocn~@®m (/T ULRUx AL

10



11

7 2.1.1.3 EBRORFEN S KT OFEBER DO BH)

Table 2.1.1.3 Example of a classified table for experimental uncertainty factors

— L | R | e RS
~ 3 =4 y SEYAN
) S N A b st | 5L R | s o
\ EERIR L DI £ DIRE
o L SR HE O A R ! 15y
. T HH 28 GBS 0D el S DB YESE % R L C SEAT ERLA A o [ ] L Bl |
RO R, T, TRE. BE | > al—oa s B L 0l |
L R B ML S ) @ u oxm
. F— A REORE Pum. P e E AN | Eah | @ = o n
G | R “eati| e = o n
et | Mk RN EROEL o= L0 | st | e = o m
k [k Lo — R0 “eati| e = o m
Bl | RO R ERE. G RIOENE | > el —s g s R O | e,
s | ERER T ORI | o @ u oxm
= | ERERE R OENEEN I BT 5 | TR — % ORI b o i —
WL | C R al—i o VEEC X D B ) @ = oxm
ot |k T o Dl TRt e o n

HITEAE IS X9 D B R A D &

JZ (@ xm)?2

WEMIZX T D IREA NS RUGHRE=-AZEE

’Z (@XM xA




2.1.2  Verification DFAT

V&V FIEIZE T D Verification (FRFE) 1%, AWFEICEIT S V&V FIlEO= L A k2
BT T ISR T 5, 22 TliE, B 2.1.1 OQ)ICEH L -BHERFICE T 5729
IZ. PHITS =2— RZET /N7 —A L LT V&V FIHORITIEEZ FEhi L=, /EETIE, =
LAY N 1 CEHLEZREICKHSET S PHITS 2— RO Y —A7 07T AR L, &t
HREESCATHED S OMIEEIT -T2, BERL T E MERF CUIFR %) L oMAE/ER %
BLFEIZAD U CREFEICHEE L7220 O U B R G R 21T 5 B T bm a— RTIE, A5
TOMGFEE B9 5 Fi P TR BN NTE LW o) BUEMIE TR D A 31X
TSN ER g oTz, LTeino T, BHEREEIIMHTICME S iR 2L OMEH T 5
Wi 7 A 77 ) OIELRDBT — X ORENSICLHEERRE N RSN, 2
NODEENLEONTZMREZT L AL b 2 OFEEFNERCIEZEE B o B U E S OB
(2 SL Tz,

7B, AT H PHITS = — RIZK$ 5 Verification DFATIEZEIT, FF 3 FEND
B 5 AEPEIZ JAEA ~OZFFE B IC RV ER L7 b DR OEH 3 FEN S A 4 I
RIST~DOZEFE*BIZLVEmMLIZHDTH D,

2.1.3 Validation DFRA{T
V&V FEIZF T 5 Validation (Z4VERERR) 1. AWFFEICEK T 5 V&V FIEO = L A
r 3 EBET MBICHHE T D, KEOEETIE, @8 F v A 7 KR OB 25
% Validation Z 48 L7z Ti 3 FEHD Z Y MR FEZR A Ei L7z, ZhODERICLD &
WBEDOEBRT — 2 %2155 & HIZ, PHITS 2— KEWX MCNP =2 — RIZ kA _vFv—7
FEMT O FEHE 238 L C, FEBRITATET 5 R S OFFE B DWW T O R AL LT,
ERT AR HERA AR 2 O 72 R P vk 138 3 2 B
RRAEERR 2 F N T PR 7 R OV R g 2B
BRI XYAIDRNT=AUEHEY 7T v T2 e T E i IR
2B, RHIZKITSH PHITS 2 — RIZ KR F~— 7 R E¥E%2 ERT 5124720
PHITS = — RIZH T D MHEIE M B HERE & OV BB GE 2 B (LT 2 7D a— Rk R
BT, FNHOBREBIEH L E OV F~— VENTEE A2 ER L=, B OREIC
WL, BT A e 3 — ROFER RIS T 2 HEHAE M2 MR T 2R S LT, #t
AR A ORI LIZ X9 5 B & S S CHREN$ % VOV (Variance of the Variance) . st
ARZE L AR OBELR L 0 FHR R 255 FOM (Figure of Merit) & UVFHAfifiE o fifg =8
BB ORI S EHEME A FE4 % PDF (Probability Density Function) ot /JFE#E
PHITS = — RIZHSHk L7 113, F7o, BHFOHEEEIC OV T, BEIC PHITS = — RIZH#H S
T2 HURIBHERE IZ kT L. sk 7O B &3 2 035 2 L IC K HHESEEZ HIC
] bS5 HFFECONTHRET L, PHITS 22— RIZHEHH L 48, b oE(0 9 His

TRIEMERBIERE IR DAESRIT. S0 3R DA 5 4T JAEA ~DERFEIZ L 0 £ L 72
12



bOTHY  HrHIKIEERE ISR 2 MEFEITA T 3 FE LA 4 £ RIST ~DEFEIC &
DEMLIZEDTH D, ZILDDOEEZE > TIHME L7z F~— 7 i OfE RILA LG
TRV ARTETH D,

(1) ERTAR AR 2 IV - e b P k730 8 2 B

FEERORECATED S OFER Z WS L 7= Ehg O HE7-1E 24T 2 721, BBk
DOREE O LT HME IR (2C) ZRET 2 2 & T, BRI o F il EE s 4 5 W T
K= L5 B ECEREI T, B, PHETOREER CIIENHELCEL D Ny
77Ty ROEENRKRENZD, MERNEL . “BORSAPHEFEELZIH T 57
NI =Y LT L—TF TG L 7o T D [E ST IR B 38 B SE B G 28 B O R PR 1
FUTEE 2 IO TERZITo 72, ISR 2 EZBREEORE # X 2.1.3.1 TR 7,
FEEIZH WA HERRIT, BB X v X7 OF o~ BUERk & U THER S5 IREH &L OH
PETHERAR E L CTREF SN D LY O EER, WWONCWEMIC K2 “EERE fE Lz,
TEBORBREREOEE 2K 2.1.32 [ORT, THEFRERTSEERY o F LUK
(3 inch, 5 inch, 9.5 inch ® 3 Fi¥H) OH.LEICZERIE SHe FeBIFHEE 24 A L7z —R

—URR AR O R Lc, BERE L LT, 7 — FLELOBRIT AR S H3IE D e+ A~
7%”%@5%%$%%ﬂ%?5®?i@< ‘He LEBIFHEE TO TR 2 NET
—Z L LTINS OB 2 M o7z, £, WEICHIT DMERAEIT 1 %R & L,

L%@%ﬁ%%%%m%ﬁ:—Pm;5&/%v~7Mﬁ%%MLTW@%w@Lt&
A, B E T R VX — O R RE S B A 72 9.5 inch BRAE H W2 AR — R — Lk
I L DR T, ERSERE L CIIIEFICERBETHDIFIE 3 NUANOKE T LT,

(2) PHHBERIAR E 2 e R O TR T e i it S B
i%#¥27®ﬁﬁ%L%ﬁﬁbt¢+kbf SERBCIR D R B K O Y v DRI
LT PRI (Am-Be) 7225 0@l e KO R T o~ OMEEREZIT 1,
RIEFRIRTR T, ﬁﬁ%&@ﬂy?&7?/Fﬁﬂ%@ﬁﬁﬁégﬂﬁ%<ﬁétw =
Y7V — N OIR EICE B & ZEGERE ATRE 7R &~ Y~ HAT B8 T O FU R 9B = 3

FBRAEAT ST,

FREERREIT, RICEEIZBT DN ROEICHRE STV 5 itk T HRIR % = @i E <
lE LT THEMT OMEL > TH Y | EBRIERITITEFRIEO EHICNNy 7 757 R
WRED T2 D RO TR T D 2 ) A =2 OFEEZRT-T L O ICEHM O T v > 7 A
BT, 2OEIC EHFIESCROMIK L EE T DM L Lc, SEHCROMEARIE, B &
3em FBEEOHEBEEMARE L, BREISEZEE LN LEEOr — A W THIEETT-
Too FEBROEELZM 2.1.3.312, BREOWHIXZX 2.1.3.4 2N EhoRd, FHETOHIE
IR =R — VR E OV AT Z (NSN232) &, R~ BROWPEI

X Nal(T)> > F L —# (2inch X' 5inch) #ZNZENEH L7, PEREE LTiE, ik
13



%rowfiiﬁm&ﬁu<$ﬁ%%ﬁ$%MEb ZRH BRI OW TR & oy A
ZRE L ET G P A2 MNT lom SEYERICHE Lz, £72. BIEICZEBIT D HE
AT 1 YA & LTz,

RO ERME R RICHET 2 — NIC K DR F~— 7 b A M LT & i L7
EZA, FHETFIZONTITIFIERETOZr — AT 10 %RMOKET L, ZLDFr—=A
TS %RMORETHoTo, —FH ZIRF =IO TIFTIEE N T 2 Wririfg 7 1
77 U IZ JENDL-5 * # W55 12131F 20 %%??EOD**T@T#ﬁ*fE)F%ﬁ??%%hf:bi
Wriif& = A 77 U 12 JENDL-4.0%° % Fl W 7235 A I MRATIE 28 50%LL b o0/ INGEAh & 7 3k
FEubel otz FIAE, Mﬁ4/7/b1%£ﬁiéﬁok4%@#@ 'S g S
W =T — 4 2% JENDL-4.0 [ZIER ST W o oo TH Y, IR T <O
MIITEBERLETH D,

B) BEXYAIDOLNT=AUEEY 7T v T & AT A TR

BIEX Y A7 DT =FEBIE 100 t ROBEEZ IR DMEREVBLELRDTD,
GREE 23 59 U HE PR 2 B JRATBHC — S S 2 DR IR A Mo o iR GFH L < T
A ORI CTHETF O RN Y = I ZRRELLT VY, FR A FEOFA TITHE LR
HEERD10, a2 — RO TRMROBENL S A M — I T IRROHT A LET
b OGEIREDOFMEE AR T 20LENH D,

A TIIBRIXXYAIDO N T =F U H LR PNELER LT Ey 7 T v 7 28EL, F
A OREEREI TS -, BELIET Y 7 7 v TN VOEEY L5720, EiL(Q2)
TR U REEAY ~ EIRTF TR O I R EBR IS CER AT o 7o, EBRIECR H(2) & Ak
[CHPEFRRIR EFICN Yy 7 75 0 v REfA R N2 ) A —Z OB 7 v v 7 24 b
F. ZFORICEFC N F=F ATy I T v T ERET DMK E Lz, EROBLE %X
2.1.3.512, BlEOKEXN AKX 2.1.3.6 IZZNEHRT,

FEFOREIZITFHETF L AT H (NSN2) ZHNWT, &Ry A7 RiEITHYT
HEv 777 EEROERNS 1 mBEN 7SI O THETFEEEREEAIE Lz, £72.
HECIIT DHEFFRAET 1 %R & LT,

Lﬁ@%%ﬁ%%%:%ﬁz~b:iéNy%v~7%ﬁ%£waﬁﬁ%mﬁbk
LA, B 15 % REORETC—ETH2MENG LN, By 7 7 v Pl < Tk
JEDREERIC X 2 BELOEB TERNKRE S RDBERICHT-, ZOXH1T, AMT—3
VTR RS DGR SR TR R & L TR MR T3 2 FIREER m 2D &R
X v A7 OBERIENT 24T 5 BIIXFHEALE (WO MEHiE) 12X > T = — Fo Tl
PERRICHBE RIZT Z LICHEBETRETh D,

(4) eI & OFHM

EFU(D)~QB)DEBRIZL Y, EORZI WA IER E LT TR I,
14



Tt s O HH ) 3R E RS EE
Hh P - MR 0D MR 5 R S0 5 5
AR DO RUERTE (A E, B O %)
JEOREEZ X 2 BEL DR
D DARREN SITHRT 2 E BRI O FIEIZHOWTHRE AL, V&V FIHICK T 2
DA R LCVERENA ORRFHITE M Lz,

15



| == ﬂz
L\ﬁiﬁﬁ

X 2.1.3.1 %ﬁ/hﬁﬁtﬁ%ﬁﬁwt%%ﬁ [ O P B

Fig. 2.1.3.1 Set-up of experimental equipment with sphere samples
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Fig. 2.1.3.2 Inner structure of sphere samples
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Fig. 2.1.3.3 Set-up of experimental equipment with plate samples
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