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Method for confirming the reliability of shielding analysis results using a Monte Carlo code for

transportation and storage of spent fuels

GOKO Shinji
Division of Research for Reactor System Safety,
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In Japan, simplified shielding calculation codes and discrete ordinate Sn codes are
mainly used for shielding safety analysis in the fields of transportation and storage of spent fuels.
In recent years, Monte Carlo particle transport calculation codes based on a probabilistic solution
method are being increasingly used in the licensing process. To utilize these new calculation codes,
new perspectives are required to assess the validity of the calculation results obtained using various
types of input parameters and calculation condition constraints. However, the Nuclear Regulation
Authority (NRA) lacks the knowledge to assess these results quickly. Therefore, to obtain the
knowledge necessary to validate the calculation results using new Monte Carlo codes, NRA
conducted a safety research project “Research on evaluation methods related to the latest analysis
techniques in the fields of transportation and storage of spent fuels” from the fiscal year 2020-
2023. As a part of this project, method for confirming the reliability of shielding analysis results
for the geometries of the metal cask and the spent fuel dry storage facility on the results of the
shielding calculations using the Monte Carlo codes was discussed by a review committee of
external experts. To quantitatively confirm the results of the above discussion, the influence of
input parameters on the calculation results was verified by sensitivity analyses. Additionally,
several analyses were conducted to provide information for considering methods to verify the
statistical reliability of the Monte Carlo calculation results. The research findings were compiled
through discussions in the review committee based on these calculation results.

This technical document presents the method for confirming the reliability of shielding
analysis results that were obtained as a finding of research on these topics. It also explains the
conditions and results of the validation analysis to obtain some notable points for confirmation, as

well as considerations regarding the analysis results.
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T AR R 50 TR F—=ANRT b
PREHE 20D 1.073x10" .
S ORIGEN2.2UPJ' = — [T & % #kMe &5 5
B~ i photons/s e i e i -
o METRRM T 2 AR . BRES BB 1T IR AP
(FP 7 > <)
EIEM L | 5.922x10° | 1 Bq 729, 1.17 MeV ) T¥ 1.33 MeV O 1% 1 i3>
W~ 9CoTBq | fi
WREHAT 2350 1.205x10'° BIpy PP VE TR AT R L (Watt L 6 175 Bf)
HE7- neutrons/s B ST CREAM U 72 2R 5 2R ke =0.30 & B8
HeWatt B 175 BEOFEMIZ DWW TIL, 3.22 HEM

10




# 32 @FEF v AT QAT T DWEME (1/2)
Table 3.2 Elemental compositions for the basic analysis of a metal cask model
TR WEE S LrigE EF R ) .
— . . Bc-.ﬂ}s:w:m‘f,
£ g = At amiya et al. MB ASO(_}4
H1121
o 3.2468E-02 3.2468E-02 | 2.3940E-02 | 2.3918E-02 | T.9100E-03 1.4659E-02
(% 1] [107*atoms/em?]
B B-10 4 36553E-05 | 4.36553E-05| 4.36053E-05 | 4.36553E-05 - 3.99201E-05
B-11 1.75T18E-04 | 1.75718E-04| 1.75718E-04 | 1.75718E-04 - 1.60683E-04
C C-12 1.53243E-04 | 1.53243E-04| 7.3352VE-05 | T5172TE-05 | 2.37300E-05 | 4.70412E-05
N N-14 8.52700E-07 | 8.52T00E-07| 2.19900E-06 | 2.19900E-06 | 2.19900E-06 -
0 0-16 5.88400E-03 | 5.88400E-03| 3.16300E-06 | 1.61700E-06 | 1.61700E-06 -
Mg-24 1.30192E-04 | 1.30192E-04| 1.30192E-04 | 1.30192E-04 - 1.19232E-04
Mg Mg-25 1.64821E-05 | 1.64821E-05| 1.64821E-05 1.64821E-05 - 1.50946E-05
Mg-26 1.81468E-05 | 1.81468E-05| 1.81468E-05 | 1.81468E-05 - 1.66191E-05
Al Al-27 1.54077E-02 | 1.54077E-02| 1.54077E-02 1.54077E-02 - 1.41092E-02
3i-28 1.48553E-04 | 1.48553E-04| 1.57097E-04 | 1.67065E-04 | 1.28440E-04 | 3.53561E-05
Si S5i-29 2. 84133E-06 | 2.84133E-06| 2.90973E-06 | 2.98953E-06 | 1.02828E-06 | 1.79530E-06
Si-30 6.260G69E-06 |G.26069E-06| 6.64679E-06 | 7.09724E-06 | 5.80437E-06 | 1.18347E-06
Ti-46 1.38089E-07 | 1.38089E-07| 1.38089E-07 | 1.38089E-07 - 1.26464E-07
Ti-47 1.24531E-07 | 1.24531E-07| 1.24531E-07 | 1.24531E-07 - 1.14048E-07
Ti Ti-48 1.23393E-06 | 1.23393E-06| 1.23393E-06 | 1.23393E-06 - 1.13005E-06
Ti-49 9.05531E-08 | 9.05531E-08| 9.05531E-08 | 9.05531E-08 - 8.29289E-08
Ti-50 8.67033E-08 | 8.6T033E-08| 8.67033E-08 | 8.67033E-08 - T94043E-08
Cr-50 4 99166E-05 | 4.99166E-05| 5.23498E-05 | 5.66948E-05 | 5.6G583E-05 | 3.29809E-08
Cr Cr-52 9.62592E-04 |9.62592E-04| 1.00951E-03 | 1.09330E-03 | 1.09261E-03 | 6.36004E-07
Cr-53 1.09150E-04 | 1.09150E-04| 1.14471E-04 | 1.23972E-04 | 1.23803E-04 | 7.21178E-08
Cr-b4 2.71698E-05 | 2.7T1698E-05| 2.84942E-05 | 3.08592E-05 | 3.08396E-05 1.79516E-08
Mn Mn-55 1.91154E-04 |1.91154E-04| 1.94054E-04 | 2.04154E-04 | 1.29700E-04 | 6.81943E-05
Fe-54 2.40574E-04 | 2.40574E-04| 2.35605E-04 | 2.55186E-04 | 2.53147E-04 | 1.86756E-06
Fe Fe-56 J.TT649E-03 | 3.77649E-03| 3.69850E-03 | 4.00588E-03 | 3.97387E-03 | 2.93166E-05
Fe-57 8.72156E-05 | 8.72156E-05| 8.54145E-05 | 9.25131E-05 | 9.17739E-05 | 6.77049E-07
Fe-58 1.16068E-05 | 1.16068E-05| 1.13671E-05 1.23118E-05 1.22134E-05 | 9.01028E-08
Ni-58 3.59378E-04 | 3.50378E-04| 3.80704E-04 | 4.12836E-04 | 4.12886E-04 -
Ni-60 1.38432E-04 | 1.38432E-04| 1.46666E-04 | 1.59043E-04 | 1.59043E-04 -
Ni Ni-61 6.01753E-06 |6.01753E-06| 6.37046E-06 | 6.91349E-06 | 6.91349E-06 -
Ni-62 1.91865E-05 | 1.91865E-05| 2.03278E-05 | 2.20432E-05 | 2.20432E-05 -
Ni-64 4 88624E-06 | 4.88624E-06| 5.17688E-06 | 5.61376E-06 | 5.61376E-06 -
Cu Cu-63 T.78860E-06 | 7.78360E-06| 7.788G60E-06 | 7.78860E-06 - 7.13361E-06
Cu-65 J.4T148E-06 | 3.4T148E-06| 3.47148E-06 | 3.47148E-06 - 3.17955E-06
Zr-90 8.25258E-04 | 8.25258E-04| 9.79094E-04 | T7.07952E-04 | 7.07952E-04 -
Zr-91 1.79969E-04 | 1.7T9969E-04| 2.13517TE-04 | 1.54387TE-04 | 1.54387TE-04 -
Zr Zr-92 2.75086E-04 | 2.75086E-04| 3.26365E-04 | 2.35984E-04 | 2.35984E-04 -
Zr-94 2.78TT5E-04 | 2.78TT5E-04| 3.30741E-04 | 2.39149E-04 | 2.39149E-04 -
Zr-96 4 49120E-05 | 4.49120E-05| 5.32840E-05 | 3.85280E-05 | 3.85280E-05 -
U 1-235 1.02000E-04 | 1.02000E-04 - - - -
U-238 2.77800E-03 | 2.77800E-03 - - - -
SR B FE = E (107 atoms/em®]
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£32 @BF v AT ORAMHIZET DWEMK (2/2)
Table 3.2 Elemental compositions for the basic analysis of a metal cask model
. A D IRA4S s —~RE “KE | FI=dv
I
;Hgi it GLF11® Ueki et. al.” SGV4s0 '8 Lfki: :j - GLF1 ¢ EII; fjg ?;
= 7.85 1.68 | 1.80 7.85 7.85 7.85 7.78
(B fiF] [gfem?]
H H-1 - 5.95215E-02 | 5.85498E-02 - - - -
B-10 - 1.77154E-05 | 1.74261E-05 - - - -
B B-11 - 7.05718E-04 | 6.94197E-04 - - - -
C Cc-12 | 1.18185E-03 | 2.33312E-02 | 2.29503E-02 | 1.18185E-03 | 1.18185E-03 | 1.18185E-03 | 2.73305E-04
N N-14 - 1.43278E-03 | 1.40939E-03 - - - -
0 0-16 - 2.67912E-02 | 2.63539E-02 - - - -
Al | Al27 - 797674E-03 | 7.84652E-03 - - - -
Si-28 | 4.69763E-04 - - 6.26351E-04 | 4.69763E-04 | 4.69763E-04 | 1.55191E-03
Si Si-29 | 2.38534E-05 - - 3.18046E-05 | 2.38534E-05 | 2.38534E-05 | 7.88024E-05
Si-30 | 1.57244E-05 - - 2.09658E-05 | 1.57244E-05 | 1.57244E-05 | 5.19471E-05
P P-31 | 5.34189E-04 - - 3.05251E-05 | 5.34189E-04 | 5.34189E-04 | 6.05057E-05
5-32 | 5.59807E-04 - - 2.79903E-05 | 5.59807E-04 | 5.59807E-04 | 4.16111E-05
5 S-33 | 4.48176E-06 - - 2.24088E-07 | 4.48176E-06 | 4.48176E-06 | 3.33134E-07
5-34 | 2.52983E-05 - - 1.26492E-06 | 2.52983E-05 | 2.52983E-05 | 1.88048E-08
8-36 | 1.17941E-07 - - 5.89705E-09 | 1.17941E-07 | 1.17941E-07 | 8.76670E-09
Cr-50 | 1.18512E-05 - - - 1.18512E-05 | 1.18512E-05 | 6.85153E-04
Cr52 | 2.28538E-04 - - - 2.98538E-04 | 2.28538E-04 | 1.32125E-02
Cr a3 | 239143805 - - - 2.59143E-05 | 2.59143E-05 | 1.49819E-03
Cr-54 | 6.45083E-06 - - - 6.45063E-06 | 6.45063E-06 | 3.72931E-04
Mn | Mn-55 | 1.16167E-03 - - 1.03259E-03 | 1.16167E-03 | 1.16167E-03 | 8.52820E-04
Fe-54 | 4.77966E-03 - - 4.85190E-03 | 4.77966E-03 | 4.77966E-03 | 3.42822E-03
po | Fe36 | 750304E-09 - - 7.61644E-02 | 7.50304E-02 | 7.50304E-02 | 5.38158E-02
Fe-57 | 1.73278E-03 - - 1.75897E-03 | 1.73278E-03 | 1.73278E-03 | 1.24284E-03
Fe-58 | 2.30601E-04 - - 2.34086E-04 | 2.30601E-04 | 2.30601E-04 | 1.65399E-04
Ni-58 | 2.19327E-04 - - - 2.19327E-04 | 2.19327E-04 | 2.71714E-03
Ni-60 | 844842E-05 - - - 8.44842E-05 | 8.44842E-05 | 1.04664E-03
Ni Ni-61 | 3.67247E-06 - - - 3.67247E-06 | 3.67247E-06 | 4.54965E-05
Ni-62 | 1.17094E-05 - - - 1.17094E-05 | 1.17094E-05 | 1.45063E-04
Ni-64 | 2.98205E-06 - - - 2.98205E-06 | 2.98205E-06 | 3.69432E-05
ey | Cut3 - - 9.50731E-04 - - - 2.54996E-03
Cu-65 - - 4 23753E-04 - - - 1.13655E-03
Nb | Nb-93 - - - - - - 2.26933E-04

12

S T B3 g [107%atoms/em?]




ZIEA vk e (PR

PYE ARl e (Fi)

TERESEY + N2y

ERE S+ X2y b

INATr oy bk

RS

AR (B S 4)

MRS (L)

e RS (L)
+HEET ¢ > (8)

GhET (PR 4)

—IRE (RFEH)

TWRE (RFAH)

Ko=F>r (A7 L AH)

AA R

(DOEE EECCDDECEE

FEATG A
GHER : Z = 519 cm
S - 0ecm<Z <519 cm
JEH : Z = Ocm

1% ’ HAZ [em]

33 @BF v A7 OEARIIMM LIk RET L

Fig. 3.3 Geometry model for the basic analysis of a metal cask model
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HrofiRae KL T2,

2B ARBREFEAM RS R ITITAEE & 7o TV D ERE AT O & B R v 27 D%
FHEHR AL TS LR 220 E 7 VIR E O A BB 2 2507 L 72 & DI 55 R
D—FIToH Y, T RO o~ 7 OFE A KHECF T L SRR & D 53 A IR I 2 1
EJEF v A7 O— A ZRERNMERE AR T b DO TIE ARV,

# 33 BBF v AT OFEARIRAT O M B FAL R

Table 3.3 Results of dose analysis for the basic analysis of a metal cask model

- FRESHEE([uSv/h]
2 i A= — : - =
T ZIRH LS FPi =g | WEHEH < e
DR ATE RN 91.0£0.31% 2.68+1.15% 2.78£0.87% 8.63£1.27% 105.1=0.29%

ISR (O LE S 6.74+0.28% 30.2£0.39% 98.420.27% 24.1£0.34% 159.4+0.19%

G AR iSRS 26.3+0.22% 10.5=0.70% 25.6+0.43% 81.3+0.33% 143.7=0.21%
. SEFAHFEFHECES 20.0+0.49% 4.75+0.92% 11.80.46% 14.60.50% 51.2+0.28%
[.u.
%{iﬁf LSS 4.27+0.25% 16.820.39% 58.8+0.23% 15.3:0.28% 95.2:0.16%
CEAREHEH 7RSS 14.8£0.31% 7.49:0.76% 24.4+0.38% 26.1£0.45% 72.820.23%
AR TFIREOHE 95.8+0.14% 0.475=0.39% 0.229+0.51% 2.06£0.71% 98.6+0.14%
EHFRE | ©FIA 20.0£0.20% 3.04+0.24% 6.24+0.28% 6.82+0.24% 36.1+0.13%
(@ 40.4£1.77% 1.82+5.42% 2.34+3.91% 73.0£3.14% 117.6=2.04%
B | 24.7+1.74% 0.903:6.75% 1.11+4.44% 35.0:4.62% 61.7+2.72%
PEIm |l 10.9:0.18% 0.626=0.43% 1.12+0.656% 1.61=0.48% 14.3+0.16%
QEA I FIHREOREE 121+0.59% 2.99+0.59% 0.0401+0.60% | 0.0510+0.69% 124.3-0.58%
IR | @R 16.5+1.64% 29.4+1.98% 0.00995+6.48% | 0.0244=7.69% 45.9<1.40%

@A 3.91£0.29% 3.89+0.61% 7.71+0.24% 4.48+0.23% 20.0+0.17%
. G TR R 11.5+1.14% 3.03£0.62% 0.0110£3.87% | 0.0137=2.08% 14.520.91%
SR (B 8.53+1.64% 7.73+3.52% 0.00581+7.19% | 0.0112+8.43% 16.3+1.88%

5 1m
DA 6.94=1.18% 1.59=0.60% 1.25+0.54% 0.610£0.53% 10.4+0.80%

+ 0% T IL DS EOREEE
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FHEF TR —2XT FVOREDE VDR v A7 TR EICS 2 D208 % 5+
52T, TR MAREICHT DHERNAEORE R 2 et L,

() FHE A — 2 G

FPEF T R F— 2T FLIZOWT FRRD 4 KEEZREL. &Bx v X7 (KR DOIMB
A B L7

O 2Pu OB TERT DT (Watt B 175 BE) « FEARMEAT 77— 2

@ 2Pu OB T R THERT D HPET (Watt B i — R /L ¥ —)

@ ™Cm O BEFREHHTERT LT (Watt BT KL ¥ —)

@ (o,n)F s THRET % PET

NS

Ay RGNS R % Watt Bl x L — 227 hLd 3.0 RUSRT Watt K SI2 kv B b
DHERE LA TH D,
f(E) = C-exp(—E/a) Sinh(\/b_E) ...................... (3.1)

ZIZTC, fE)EZ RN —EOHFMETRAEOHERERE, CIIHBILESRTH Y, abldh
VEF A2 RET DERHRRIE (AREESHSPEFFEES R L) ofFE (LK OH
FHEESHTOAHTFEF XL —25ET) ICEADONNTA =2 ThHbH, £, 1
iff%?%ok%ﬁWﬁSn:—Fﬁﬁ%éhfwkﬁﬁﬁx&ﬁkw&\i@ﬁ%%
PRRTAG 28 ATRE R Hife = R L X — 227 R LODEWIC L DB LFHE L7, ERRO~@ D
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Fig. 3.10 Comparison of the neutron energy spectra (spent fuel)
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NOREICENTIE, 7= 2O HKPETIRONRK L LTRET D Z LITiddmE LM
B0, (an) TYEFIRO BB BT ORI B2 5B A 056 bEA0N 5
EPHERNRORERE L TRLNT,

#34 HHEOFTHFF T RLE—ZT MLEFWTZES DX v 2 7 S8 O g

Table 3.4 Comparison of the external cask doses with several neutron source energy spectra

HET - @ ® ©
T 2440 34 85 21
*.&%2,\99 ]\}L Pll,.“ =1 = m =1 Ed , S 2z f
(Watt®d. %) (Watth. %) o0 SETBE & B e
M WIET  |—As o8| RHET | —Rpr | wHT  |—mar<w
DEAHFMHTIFREOSSE -0.1£0.5% -0.4+£1.1% +0.5+£0.4% -0.4+£1.3% +7.3+£0.4% +1.1+£1 4%
RIS EE @B RLE X -0.1£0.4% -0.3+£8.2% -0.1£0.3% -0.3£0.4% -4 240.3% +1.6+£0.5%
SEAHEEN v BEEOE D +0.4+£0.4% +0.0£0.7% +0.8+£0.3% +0.9+0.8% +7.5+£0.3% +0.9+0.8%
& DEAEMHTIREOSSE -0.5£0.7% +3.0£1.0% +0.0£0.5% +3.4+1.0% +7.8+£0.6% +3.4+1.1%
|
{;JJ:'E;%LE B L X -0.2+£0.4% +0.0£6.1% -0.7£0.3% +0.0£0.4% -2.1+£0.3% +1.240.4%
EEAHEEN - vBEEOE D +0.0£0.5% +0.1£0.8% +0.0£0.4% -0.1£0.8% +6.7+£0.4% +4 0+£0.9%
DREAEMHTREO ¥R -0.1£0.2% +0.6+£0.4% +0.5+£0.2% +0.8£1.0% +8.9+£0.2% +1.3+2.3%
HEFE|ORMA -0.5=0.3% -0.7£0.3% +0.0£0.3% +0.0£0.3% +7.9+0.3% +1.3+£0.4%
e ot -1.9£2 5% +3.245.1% +0.7£1.8% +1.1+£6.3% +13.3£2.0% | +14.6£10.2%
T 40:22% | 27564% | 16517% | 205107% | +71218% | +1472236%
Amlm b Bl +0.0£0.3% +0.3£0.5% +0.9+0.2% +0.3£0.9% +9.1+£0.2% +1.3+£1.9%
DEAFMHTREORERE -0.8+£0.9% +1.0+£0.6% +0.0+£0.6% +1.3+£0.7% +8.9+0.6% +5.0+£0.8%
BEEFE | h +1.2£2 4% +2.7£6.7% +1.2+1.7% +2.7+2 2% +8.3+£1.9% +6.5+£2 3%
& +0.0£0.5% -0.5+£0.9% +0.5+£0.4% +0.0£0.7% +5.3+£0.4% +2.3+£0.7%
N BREAHEMHTREORERE +0.9+2.1% -0.3£0.6% +1.7+1.6% -0.3£0.7% +12.1£1 8% +4 5+0.8%
JIE};ES%E 6 o ot +5.3+£2 4% -0.4+£4 3% +3.5+£1.7% -4 0£3.4% +12.9+1.9% -3.1£3.5%
AR +0.6+£1.9% +0.0+£0.6% +0.6+£1.1% +0.0+£0.8% +10.0£1.2% +5.0£0.9%
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g (NLy b BEEOTE, MAD)  HIEBERENY TV ROEHE RN T v
TELLETEMICET MMET 2 HERH D70 BREHIGIEIZIX3 AT RT3 MR 7 v
EZAT\22, K330 EEAEHEIR IZF%E LTz, TR O R % D 5 IREHE & R Dk
BESR 1 1L Yankee Atomic Electric Company 73 % & & CTOECD/NEA 7> 5 H S V72 BRBEE 7' 1
T ANDT —H R AL B RKIOITRTIRE L OYRBE D SR fFIc S & | RBERT
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Mk E LT, T2 F /) A RERKL OB R AREROMKRZE L Z27E Uiz, 72, #lihm
DIRBEE AL, BT —Z_X—=2AB) b | 0/ —F T VAR A X BRI X2 85 Ak
BEFE 3 AT~ DB 2 LA T Ty RRRBRBEE R SR & R DIRBEEE T b 2 K E
—AH 8T A FMNDOMcGuire2 S (4 /L —FPWR, #iH 113,469 MW) 225 D17x17 BUIER
BHE A A (ﬁt@i@%i}%ms 892 MWd/t) Db D%, K3 121278 T L 9126 BDOMEERIZIELIL
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#3.5 PR O R BERHMICBOE L7 RBHEB AL AR &t Ve TSR o A
Table 3.5 Compositions of the fuel region and neutron intensity distributions input into the

sensitivity analysis of the effect of neutron multiplication

FHE S —2 WABERE BB HEL AR o - TR R EE S A7
) ENICES) ARG S T — A —kk
) 35,720 MWd/t VIR BERE SR TR —kk
® 35,720 MWd/t | 5 [AIERBERE 73 A & & 6 kR
@ 35,720 MWd/t | 5 [AIERBERE 73 A & & 6 il 7 [PV RIBE HE 53 AT & 5 8
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Table 3.6 Type of fuel assembly and burnup calculation conditions

HH St
IREHE A AL | PWR 17x17TAUREHE A K
UO% i 10.412 g/em?®  (PRFH%  E95%)

HIHR PR A 3.5%23
LR IR B 35,720 MWd/t23
38.4 MW/t  (CEH)) 24

L) 24.7~40.9 MW/t  (22,976~38,045 MWd/tIZHHY)
eysi il 930.2 day2® (B 2 &)
 FNHAR 10 year

H H
cm
083cm | . 114cm
0.95cm ) 1.22 cm
1.26cm g # 1.26cm
H H
BEELET IV VT ILELETIL INRAy e SR

X311 PPEFEE AR RIS O TR O SHE R OS2 7 o M RAEOREHE SR E T
v
Fig. 3.11 Dimensions of the fuel rods used in the neutron multiplication calculations and the fuel

assembly model near the center of the basket
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Fig. 3.12 Axial burnup distribution of the 17x17 fuel assembly in McGuire Unit 2 and the step-like

approximate model used in the analysis
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Table 3.7 Comparison of the effects of neutron multiplication handling methods on the external dose of a metal cask model

Ry D @ @ @
e = RE B R ¥135 GWd/itU ¥135 GWd/tU ¥135 GWd/tU
WA B R AR FREHEF T FERESRF T —F HARMRESRELE | HAAREETHEERE
AT i B T I s I I i T i . i BT [ ZIRA T R A Pt @ e B

TEAFHEFREBOS X +10.2=2.6% +5.7=4.7% +5.8£1.7% +5.15.1% +6.0=1.1% +1.1=3.5% -1.4=25% -1.0=5.1%

BIEFRE @R R e -1.8£8.1% +1.56=1.7% +3.5£2.2% +0.89£1.7% +4.1+1 2% +0.7£1.2% +5.3£2.4% +0.4=1.5%
GSRABHLT - vigBBoS S | +11.1=26% +5.4+3.0% +6.7=1.3% +4.4+3 4% +6.6=1.0% +0.6£2.2% -1.2£2.1% -5.1£2.9%

P QEATHEFHREOS S +11.6=3.1% +4.324 0% +8.3=3.0% +5.424 2% +5.6=1.7% +0.222.9% -2.653.4% +2.324.1%
?b:'% 1m SRR LSS +0.9=7.7% -0.1£1.7% +3.8=1.6% +1.8=1.7T% +4.7=1.0% +1.3=1.2% +6.7=2.2% -0.6=1.5%
EFEAMBET - vBERBosx | +103=29% +7.0=3.3% +5.6=1.6% +3.1=3.5% +5.9=1.3% +2.6=2.5% +0.8=2.8% +2.253.3%
DEfEFHEMETFREOER +3.0=4.5% +7.223.5% +6.7=0.9% +7.6=3.7% +4.7=0.8% +2.3=2.5% -6.7£4. 7% -1.9£3.3%

BHEEE | CEMNA +3.2:4.6% +3.6=2.1% +6.6=51.2% +1.722.1% +4.4+1 0% +2.2£1.5% -6.8955.1% +1.9=2.1%
(& W it +3.8£10.0% | -14.56£39.4% | +154£9.1% | -51.6£27.5% | +5.56%6.5% | +32.7=46.1% | -13.0£12.1% | -0.4£41.1%
BEIEGOEL -3.7£7.9% +2.2248. 2% -2.957.2% -46.9£33.3% -2.055.5% | +10.6=50.3% | -11.8£15.7% | -28.3£36.0%
slm g Al +3.8=4.3% -0.2£3.5% +6.251.2% +4 324 1% +4.9=0.9% +5.9=3.0% -7 T% +3.0=4.5%

N ol e - = e o Y +15.1=4.0% +7.1=2.5% +7.6=2.6% +3.80=2 6% +5.2=2 0% +1.251.9% +0.8=5.6% -4.822 5%

ERRE @i +23.7=7.9% -7.3£7.6% +6.7=7.4% +5.1=9.9% +8.7=6.0% -3.6=6.4% -2.2£11.0% +0.8£9.3%

L +16.951.9% +6.6=2.6% +7.652.1% +1.722.7% +3.3£2.0% -0.3£1.9% -5.0=4.5% -4.622.4%

EHEE BEAFMEFHEEOFE +20.0=6.7% +7.4£2.7% +5.555.5% +3.8£2.8% +2.224 0% +3.4:2.0% +0.8£8.1% -1.622.7%
?b:l% 1m 0 Wt +26.158.0% | -3.3=156.6% +3.1=6.8% -3.6£15.1% +6.0=4.9% | +22.1£14.4% | -2.558.7% -0.5£15.4%
Tz A +15.0=3.6% +3.222 4% +7.1=3.5% +1.222. 6% +4.6=2.7% +3.451.9% -6.7£5.3% +0.9=2.8%

E) TO%TERL LTEBELZIEOBEEIIZFHEr — A0 HAEL 33 ROBRICESETEBEGFANC LV kO -EE/R L, +1.0+0.5%
. ERREEN TSR A ZE T HEAICH AT, BRGEIC L 2 EN AR CRUIF IR A IE 2 i L 7-58 O AR E D 0.5~
1.5 %RERELS D EETRT,
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Fig. 3.13 Geometry models of the fuel storage compartment
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(QFEAEET V)
Table 3.8 Comparison of the effects on the external dose of the metal casks by modeling the fuel
storage compartment

(@Model including the homogenized fuel assembly)

AT i fii B H T R FPH v =iz |BEHEH Y =i 2iRE

TEXAFHEFHREOS S +55.0£0.9% +19.8£1.9% +1.1£1.2% +33.3£1.8% +50.3£0.8%

RIEFEED | LES +23.4£0.5% +10.6=0.6% -6.920.4% +5.820.5% -0.3£0.3%
OEFEBEEN - vBBEBEOoS S +49.8£0.5% +20.0=1.1% -1.6=0.6% +34.1=0.6% +30.1=0.4%
A E SEATHEFHREOS S +54.0£1.2% +12.5=1.4% -5.1£0.6% +34.9:0.9% +31.1=0.6%
3;% 1m ERftRLEE +27.2£0.4% +9.5=0.6% -7.0£0.3% +6.5=0.4% -0.3£0.2%
EEAMALT L viBREBOoS S +50.0=0.7% +13.0=1.2% -5.7£0.5% +31.4=0.8% +21.0£0.4%
TEXRTMEFHREOFE +53.4£0.3% +34.3=1.1% +70.3£1.1% +9.2£1.1% +52.1£0.3%
HEEE | ORAA +53.5£0.5% +14.5=0.6% -5.120.4% +35.6=0.4% +36.6=0.3%
@ i +69.8=4.1% +20.9=13.2% +93.6=9.1% +3.0=4.5% +28.4=3.4%
I EE (O Ra +58.5£3.7% +10.3£17.0% +104.5£11.6% -8.6£5.9% +21.1£4.2%
dim @ E +53.220.4% +14.2:1.1% -3.6=0.9% +18.0=0.8% +42.7=0.3%
BEATEFREOFEE +19.0£1.0% +17.1£1.0% -4.0£0.8% +3.7£1.0% +18.3£1.0%
Ef&ED |@HH +19.4=4 6% +8.2£3.0% +14.6£10.7% -10.3£9.8% +12.2£2.6%
{5 | +21.0£0.5% +12.9£1.0% -6.7=0.3% +4.0=0.3% +5.0£0.3%
[r— BEATETRE0FE +20.0£3.0% +15.2£1.0% -7.3%4.5% +8.8£8.3% +19.3£2.4%
b:'% Im & it +17.1£2.6% +4.3£4 9% -12.4£9.0% -1.8£12.6% +11.0=2.8%
WA +17.3£1.7% +13.820.9% -7.2£0.7% +4.1=0.8% +12.5=1.1%

# 3.9 BREHNE O E T MBIZ L 288 F v A 7 SN B~ D BB K
(O EHEET V)
Table 3.9 Comparison of the effects on the external dose of the metal casks by modeling the fuel
storage compartment

(®Model including the fuel rods)

SR E H AT SR v e ig FPH > =i | BEHES > =i ZiRE

CERPEFHEBOSE +56.0£0.9% +23.56=2.0% +1.4£1.2% +71.56£2.3% +55.1=0.8%

BIEFRE QB ELE Y +32.0£0.5% +14.2=0.6% -7.8=0.4% +41.9£0.7% +5.420.3%
GRAEHLT - vREEOoS S +52.9£0.5% +22.9£1.2% -2.0=0.6% +71.0£0.7% +51.0£0.4%

A EE ORAPETHEBOSE +56.0£1.4% +17.3£1.5% -5.1=0.6% +72.6£1.1% +43.0=0.7%
?,;% 1m GErLES +34.4+0 5% +13.7=0.6% -7.5=0.3% +43.1£0.5% +6.120.2%
BRAEEEN - vEEEoSE +53.4£0.8% +15.4+1.2% -6.1£0.5% +66.7=1.0% +34.3£0.4%
DEXAPMETREOFE +56.6=0.3% +35.4=1.1% +74.7£1.2% +47.1£1.3% +56.2£0.3%

BE¥EEE | OENA +56.5£0.5% +17.1£0.6% -4.6£0.5% +74.5=0.5% +46.0=0.3%
@ +61.4+4.1% +30.8£13.9% +112.4£10.2% -17.7=3.9% +13.1£3.1%

BE L SR | g +61.9£3.9% +29.6=19.1% +121.6£12.2% -12.355.9% +20.4+4 2%
»E1Im @A +57.8£0.4% +17.6=1.1% -3.6=0.9% +42.9+0.9% +49.0=0.4%
BEXATMETRE0FE +23.1£1.0% +20.7=1.0% -4.7=0.8% +48.8£1.5% +23.1£1.0%

ENETD (@i +5.5=2.5% +5.8£3.0% 5.5£9.6% -30.3£8.0% +5.422.1%
W& A +25.620.6% +14.9£1.0% -7.4=0.3% +44 40 4% +15.0=0.3%

ESEE BEAFMETFREONE +23.5£2.3% +16.5=1.0% -2.7%6.5% +45.3£3.7% +22.8£1.8%
?,;% Im @ ot +17.2+2.5% +11.8+5.4% -1.9:10.1% +12.5£14.3% +14.7+2.9%
&5t A +23.1£2.0% +15.1£1.0% -8.0=0.7% +44 8+1 0% +19.2+1 3%
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Fig. 3.14 Sensitivity analysis cases for the fuel assembly position in the basket
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#3.10 BBHESKRD AR v NNELEIZ K 288 % v 2 7 SN R~ OB L
Table 3.10 Comparison of the effects of the fuel assembly position in the basket on the external

dose of a metal cask model

HEH -2 @ @ @
FEHEE N BHEsFoREY 0° FHlw B -1 % 7181

DRATHTIBEDS +0.0£0.6% | +1.4£0.7% | +0.1%0.5%

B R | OBl S & +0.320.3% | +0.0:04% | +0.3£0.3%
DRFHE{EH L BB BOE S | 102:04% | +1.1:04% | +0.020.3%
DRATHTIBEOS X -0.8£0.5% | -04+0.7% | -0.3£0.5%

fﬁfﬁf ORI LTS +0.2:0.3% | -01£03% | +0.1£0.3%
BRAEE{EAL v HREE0EY | +02:04% | -05205% | -0.3:0.4%
DRFEHTHEDERZ +0.320.4% | +1.0£04% | -0.1204%

RIAFE | ORHE +0.7£0.4% +1.0£0.4% +0.1£0.4%
@ st 13516% | +25543% | -3.0£15%

S EE |0 s -0.3£0.3% | +02£03% | -0.620.3%
a1m gy s A -0.3%0.5% | +0.6£0.5% | -0.7=0.4%
BRAEMHTFHEOER +05515% | +15£17% | -0.5£15%

B &E | s -1.0£2.0% | -05£2.0% | -2.4%19%
W& A -0.4£0.4% | +0.1£04% | -0.240.4%
BRATHETFHEDER +0.9:525% | +10£25% | +48555%

BE R (g -05£0.3% | +06£03% | -0.9<0.3%

& 1m

W& A +5.452.7% | +1.0£192% | +2.2:15%
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fbxZEL T, FHMEME TCORMETROT v EN R DR RD LI ICHES
T D DR

(1) Ll

FER BB O ITEIZ T 2 &8 F v R 7 1%, 50~60 4] o iy 1 ] 1 I BV D 2 80T K
D Ve RO A IRAE LT D ATREMEDY B D, B ERNIHUER B IRSTIC X 500, B{bX
ISE BN B B2 5 LEZBNDD, FFRAHEEICI T 2 BT ClE—aic,
WERERE DR TICEA R R E 5 215 5B X 3B ERHEICOVW TRl Z1T> TW\W5b, &
HCIX, PR TEfoM RO BERIENREE LIEBEOS RS v 2 7 AT E~DOF B L
ig % Z & T, WPk R D% BERHE O & SRR E IS X T 2 MR N A O R A G L
72
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Q) #HETr— A RO
PR, (ZARFRL DY) BIKOBEN3%BEHR L2 EREL, ZRHR TRLD
O~DOEMTho TG EFEr—2 L L, OOBEREZEZE LAEVWEGEA & L HIcs
JB S X A7 RSR DS RRE & RN LT,
@O T O B IR 2 JE B R - BT S
@ HEF R O R T R S — AR T 3%I8HE
@ KEBAET NI =0 L0 bOBKIZ LY 3%IEIE
@ TRFUBNEDO IR, KFEDRZ LY 3%RIH
FREE S — 2B T DTN (LY Y) OWEMEEE 311 IZRT,

31 PVEFIERH OBER & B E L oW B (1/2)
Table 3.11 Elemental compositions for the neutron shield material considering the depletion
L
EtEA -2 @ @ @ @

HERT gL ETETERE | K DHiEE EDHIHE
H1 5.95215E 02 5.77359E 02 5.61511E 02 2.94056E 02

B 10 1.77154E 05 1.71839E 05 1.77154E 05 1.77154E 05

B 11 7.06718E 04 6.84546E 04 7.06718E 04 7.06718E 04
Cc12 2.33312E 02 2.26312E 02 2.33312E 02 2.33312E 02

N 14 1.43278E 03 1.38980E 03 1.43278E 03 1.43278E 03
016 2.67912E 02 2.59875E 02 2.51060E 02 2.67912E 02

Al 27 7.97674E 03 7.73744E 03 7.97674E 03 7.97674E 03

M EFEEEE [10™atoms/em”]
301 PVETIERH DR & B E L WAL (2/2)
Table 3.11 Elemental compositions for the neutron shield material considering the depletion
Ly HEET 1
EHEA— 2 @ @ &) @

AEE (T EELL ETEFRE | koDdiE HEOHHE
H1 5.85498E 02 5.67933E 02 5.52344E 02 2.89255E 02

B 10 1.74261E 05 1.69034E 05 1.74261E 05 1.74261E 05

B 11 6.94197E 04 6.73371E 04 6.94197E 04 6.94197E 04
C12 2.29503E 02 2.22618E 02 2.29503E 02 2.29503E 02

N 14 1.40939E 03 1.36711E 03 1.40939E 03 1.40939E 03
016 2.63539E 02 2.55633E 02 2.46962E 02 2.63539E 02
Al 27 7.84652E 03 7.61112E 03 7.84652E 03 7.84652E 03
Cu 63 9.50731E 04 9.50731E 04 9.50731E 04 9.50731E 04
Cu 65 4.23753E 04 4.23753E 04 4.23753E 04 4.23753E 04
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(3) HERRR OB
§+%b‘”—‘7\®~@i:’3b\(\ 36ﬁi:%ﬁ¢‘r§%ﬁﬁfﬁ*¢®%§?@z?ﬁb:c]:5%@3{-_\77\&,@\”
M O B ImIC 351 3B~ BB B & > T I LT B A #3127,

. TR S 3% B L 7 A OSHRE (9~@) 1 e (3.6)
density o M - SHE R 0D B8 FE SR Y RS oA R (D) |

LTORERITIBNT, P TIERM OB IR 2 Z 8 Lo, M s k&
720 BRICHME TR T AR R OB W AKEO BRI T B — A@IZBW T, B
FHREOHMMATETHY | BREOLBICEOTHRLEERKZ L, —HTH i
ICOW T TIE & ORI A2 BT 72 8. BB SR BB, £, Klr—RD
P TR B\ T R TR R S & T M 0 BRI BTk L TR REE LT /b &
WD, X 3.4 (FERMEHTRER OB 1500220 K 912, MR 1 D HpvE - Kf &
NI A FE TR ORI T D b T =4 VEIGATH Y . PR OB MERE D
£ LA MEREAIC S N D Th D

CLEX O e 7R ORAEL I X0 BRI O FTREMEN & 25413, MR RS
RAORELBYET D5 3 TE T BEERBREZE LWL R2MORE L R D,
KIECHER LT~ — 2D TlE, BREEHIBNKED R TRAT B EAICKED BT HEE
BRI B - & A B b AKX < | 2 OIS TR A7 5 = &
RORITMIL 725, —H T BT OB EMIIC >V TORE b b 5B E I I
(T, TAF R LV ATKT L RBRA R TIX 180°Cx5,000 KFfE] TOEERL 4%LL T,
170°Cx5,000 FE G o> BEHRL G 3% B0 F b D (T AL 6 9 2,000 I C 8 B s ik
RE) ., HEBENBAELEBORKOIZE A CITIKTOBETH D EORERO AN
LTV 5D, ERLOMIC b BEHITEIH 2 615 3 5 40 T ORI R 2 759725 30k 2 45
L, FNHEBRLOOEBEX v A2 I i 5 kR DR L D
FrtE 2B L, BIEMISE Z W EF 2B 2 RBE RE L MR L7z 9 2T, #Hfis Ik
[RRFH & 70 B 70N X 5 ) e AT S 2 B B = b DM RN DR L L
THEL,
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* 312 PR OB R IC X D)8 % v A 7 SN R~ D B
Table 3.12  Comparison of the effects of the density depletion of the neutron shield material on

the external dose of a metal cask model

OE N FEEES +1.8+0.7% | +4.1+2.0% | +5.8+1.3% | +4.4+1.5% | +1.8+0.6%

ML (Ol S & +23.6+0.6% | +4.320.7% | +4.7=0.4% | +5.820.6% | +6.0=0.3%

A OEAREHEH - 7iEEnES | +3.420.5% | +5.7£1.2% | +5.5£0.7% | +5.0£0.5% | +5.1x0.4%

@ —REE | @A TS +3.521.1% | +6.1=1.6% | +5.120.7% | +4.8+0.8% | +4.4=0.6%
{%ﬂ%;ﬂ [y e +21.120.6% | +3.6£0.7% | +5.4£0.4% | +5.2£0.5% | +6.1x0.3%
GBI T OES | +4.120.6% | +5.521.3% | +4.920.6% | +5.420.7% | +5.0=0.4%

DE AT & +2.9:1.4% | +8.6£3.1% | +7.921.7% | +5.3=1.7% | +3.7=1.2%

HIE ST (Ol S S +32.0+1.0% | +5.0£1.0% | +5.7=0.6% | +6.620.8% | +6.6=0.4%

AT OETREHEH e e nES | +3.420.7% | +7.6£1.8% | +5.5£0.9% | +5.4£0.7% | +5.1x0.5%

@ EHa - @A TS +4.551.9% | +5.3+2.3% | +4.2+0.9% | +4.8+1.1% | +4.6=0.9%
{iﬂf}gﬁlf G e E +29.0£1.0% | +3.0£1.0% | +5.820.5% | +5.9£0.6% | +6.1=0.4%
BEAHEHEH S E 0SS | +3.420.9% | +4.1£1.9% | +4.9£0.8% | +6.1x1.0% | +5.00.5%

DEA e +15.4+1.0% | +17.2+2.0% | +10.121.4% | +8.5£1.5% | +14.2£0.8%

BIERSET (R [ & +560.2+2.4%)| +12.3£0.7% | +9.8+0.5% |+10.0+0.6% | +33.6=0.4%

DD GEFREHET e DS S | +68.1£0.7% | +13.3£1.2% | +10.2+0.7% | +9.5=0.6% |+20.4=0.4%

® g . @F AP TRESS +39.0£1.2% | +12.521.5% | +9.320.7% | +8.90.8% [+20.9:0.6%
{i”i%f A e Pl [ 478.5:1.8% +8.3:0.6% | 19.9:0.4% | 19.8:0.5% | +30.3:0.3%

OB AR EH T E S | +74.320.9% | +12.8+1.3% | +10.2+0.6% | +10.0=0.7% | +23.4:0.4%

) £O% TR LMBLCEOBAEIIHFH TR — A OMEHAZEE 3.6 NOBRICKS
BB LV RDTEEZ R L, +1.020.5 %13, F5H7r—AODOHA I~
T, #HHT = 2Q~@DHE OB ED 0.5~1.5 WRERE /2D Z L &2mRT,

327 BT —%
ARETI, K320@4)7 — % ARBOHER OV R I TWDHEL TIZEE L T, &K
WiikifE 7 — Z 2 L 2 B OB CRAEEMT 2 E i L, RNADOHEREBE LT,
VBT DRI F OO E 2T D RO R WT AR IE, B ELORK
PR 0L — k9 % i SR B S T2 O IEREE DS RGE S 41T 5 DR
VDTV D EHM R DM OME AR T 5 eF O TR IL. A~ HRR
D TRV X — i T Z O EREE DS RGE S LTV D D iR

() 1IZLdi

FrTHAva— RIZED 20 MeV BLFO TR OH v~ SROEREFF 217 5 B ILEE
MFIMET =2 T4 770 (LT BT —5] Ln)H,) IS TER SN -HHAED
WiifE 7 A4 7 7V EZHWDLZ NN TH D, KIIZITTAT L IOICHAER, KE, BRINE
THHAOET =4 BNHES (hoT —4 00 —HE22R LT bH5,).
FHOERT —4 | BEOCHEGMENRVAEINTT —Z OREFLIEERED LTV D
ARICHERT AT —% (a7 A 77 Y) OREX, O EaEERIC %ﬁé:
D, RHETIE, BT — % OEEPEMRAG 2 5082+ 52 LT, &7 —
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P SN BROMERBNAE OB R Z R LT,

#3.13 7T — X ORI

Table 3.13 Development status of the evaluated nuclear data files

5 JENDL (HA) ENDF/B- | JEFF-

1 9 3.3 4.0 5 VIII CK) | 3.3 (%K)

INBRAE 1977 | 1985 | 2002 | 2010 | 2021 2018 2017

I S AZ TR AL 72 181 337 406 795 557 562
RIMFAENGTH 48 130 228 260 287 286 286
Ho~T —4 0 0 114 354 788 420 559
b7 — % 0 0 2 3 794 119 355

) ESAAFZEBE R BN B AR - A28 B R R
[E T O HfET — % _— % JENDL O iz 2888 1. Hfn 3 48
https://www.jaea.go.jp/02/press2021/p21122701/ (2025 4£ 8 H 20 HHEiR) 2°

(2) FE A — 2 B OGAt:

TROAFEEOET — 22K 314 IZ73T X 12 TOWEICHE LZHEICNA, +
PR IR~ DA TN T 5 72 OITRFEMD B, B 2 VIR O A R 5857
—HERELEGAEHAET—RA L L, &BRX Y A7 KRN MM EZ TN L7,

JENDL-4.0 8 (J4 : WFFEBRARI il C ORI A AL 7 — &+ HARRAT Z44)
JENDL-53%" (J5 : AREAERE BEERFIZ 1T D mfhit B A7 — 2)
JENDL-3.33" (J33 : s vl\2 B B LN B & 7 B AT — %)
ENDF/B-VIL.1* (B7 : K[ER CTHEHBEO &G WET — )

2T, EECoofE R K OME - X, R ~ 0@ 2R D,
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£ 314 BT —FRBRNTICBT DR — 2
Table 3.14 Sensitivity analysis cases for the effect of the evaluated nuclear data files
HHT 2T —%

BBy — 2 bR oo 7 IR 2 Z of*s
© J4 JENDL-4.0 JENDL-4.0 JENDL-4.0
© J5 JENDL-5 JENDL-5 JENDL-5
@ J33 JENDL-3.3 JENDL-3.3 JENDL-3.3
@ B7 ENDF/B-VII.1 ENDF/B-VII.1 ENDF/B-VII.1
® J5-CS*4 JENDL-5 JENDL-4.0 JENDL-4.0
® Jb5-NS*5 JENDL-4.0 JENDL-5 JENDL-4.0
@ J33-CS JENDL-3.3 JENDL-4.0 JENDL-4.0
J33-NS JENDL-4.0 JENDL-3.3 JENDL-4.0
K1 XX AT KK, —k&E. “IREFELTIMR
X2 R, FJE, KA T =AW
M3 NGy NN R TR M OV T R LA
34 : CS 1Lk (Carbon Steel) ~RE L7I-HAE/RT

%5 0 NS 1T HEFEMeA (Neutron Shield) ~&HTE L 7=HE % 7R~1
(3) FEM R R OB

HE 7 —2DO~BIZHOWT, 3 TR ITEET — X OFEIC L DB v X 7 OIEBRE
NDEIEE N qaadZ o TSR OFEIE Z L 1Tl U2 B2 F#3.15~3.19 2 F N FhrRT,

r s - BUTH ERIAD WERELEBEOABRE @~6) _
N-data JENDL — 4.0 % & (k23 & L7~ awnw%%<®>
............ (37)
SR ORI EIZI T D D*(ﬁ‘/?ﬁ’ﬁ%?%@i T, FHIEICIEE A CRIELRWE

efwﬁﬂk%w(m%ui)#%%% . BRE O EEGHE R 3R S% LN E > TH
n. Fi=, ﬁgf@%@fiﬁ#%%@#h ITEEREZEBIIFTEN LD, AT
iR % K OME - IS LT, 7 — % OFEFIC L5 BT/, *ﬁ?%3wﬂm
TR, BT —FITEH P EDICONTIERT — 2 HB T 5 & &bt —2NED
BELEATED, FETX ZD*ﬁEEﬁ%z)‘méhfl/\é;&Z’))Eﬁmuéﬂﬂi XL
BT —42%HnbZ LRt G, FrIC, BEON—T 3 o CITEREENT 2 EiE5 5 9

zfigﬁimﬁyvﬁm%—&ﬁxﬁbfﬁw\%ﬁm%%ﬁ?—&ﬁﬂﬁéhfwﬁ
W NFEMICENR D A[REMER B W=D, T IET — 23— a O T — F LGk
ﬂmﬁ DWTHERDNMLEETH D,
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K315 BT —FOREBICLD@REF v A7 TR E~ORELK (FHT)
Table 3.15 Comparison of the effects of different evaluated nuclear data files on the external dose

of a metal cask model (neutron)

oM
S E @ 5 @ J33 @B7 | ®J5CS | ® J5NS | @ J33-CS | ® J33-NS
CRAFHTIREOSS -5.120.6% | -3.320.6% | +4.60.7% | +1.351.2% | +0.720.8% | +1.720.5% | +1.10.9%
MEEE OB LS -4.750.4% | -4.820.4% | -2.120.4% | +0.0£0.7% | -0.420.5% | -1.320.3% | -1.2:0.5%
SR RLS
DREFHEEN L vRBBOEE | -52504% | -49:04% | +0.750.4% | -0.70.8% | -0.420.5% | +0.220.3% | +0.00.5%
. CRAFETREOSS -5420.9% | -2.520.9% | +6.951.9% | +3.4£2.9% | +2.051.5% | +2.920.7% | +2.0£1.2%
i
{'gf'fflf GEET LTS -5.050.4% | -4.650.4% | -1.740.4% | -1.320.7% | -0.420.4% | -1.0=0.3% | -0.9:0.4%
BRFEEEN L vRBEOEE | -46506% | -40:06% | +2.050.6% | +0.0512% | +0.0£0.7% | -10=05% | +0.0=0.7%
CREREETREOER -5.950.2% | -3.40.4% | +4.020.5% | +0.1=0.3% | +0.020.3% | +0.220.4% | +0.220.3%
BHRE | OFNAE -5.420.3% | -2.520.6% | +5.020.7% | +1.050.5% | +1.020.4% | +1.020.6% | +1.00.4%
@t ot 1742.3% | +2.9545% | -5.054.1% | +0.053.3% | -1.752.9% | +6.554.4% | +3.63.0%
P 10.4£2.1% | -8.1£3.8% | +1.254.1% | -3.123.1% | -3.123.0% | -1.2544% | -1.552.9%
»E1m (&t E -6.320.3% | -3.6£0.5% | +5.420.6% | +0.020.4% | +0.00.4% | +0.020.5% | +0.0£0.4%
BRAFETREOER -5.820.8% | -1.7£1.6% |+15.052.6%]| +1.751.3% | +0.8£1.1% | +1.751.4% | +1.71.1%
EXRE |Gk x -6.652.4% | +0.054.1% | +1.824 1% | +2.423.9% | +2.423.4% | -5.4£3.9% | -3.02.9%
Y L] -6.020.5% | -3.9£1.3% | +5.751.4% | +0.520.7% | +0.520.6% | +0.520.9% | +0.7=0.6%
. BRAEETREOER -11522.6% | -11.523.0% | +0.054.3% | -4.9:3.2% | -6.652.9% | -3.354.0% | -0.823.9%
%f‘fflf o -6.822.0% | -6.9£3.5% | +4.03.7% | +1.4£2.8% | +1.422.6% | -3.653.5% | -2.952.5%
TR AE -T5E1.7% | -2.6£2.5% |+17.857.5%) +0.4£3.0% | +1.62.9% | +2.0=3.7% | +1.72.4%

H) TO%THRL LTEBMEELEDBEEIISHE r —ADMEHRZEL 3.7 XoEKRIZES
XHEAERFBANC L VRO T-EEZ R L, +1.0+20.5 %L, HHE7F—2QDBEEITH T,
HEr —2Q~Q DA DHNEHRREN 05~1.5 %IRERE LD & &R,

#3.16 BT —2OMBEICLD8RF v X 7 I E~DRELE (ZIRT o~ )
Table 3.16 Comparison of the effects of different evaluated nuclear data files on the external dose

of a metal cask model (secondary gamma-ray)

ZEH v iR

T & & J5 & J33 & B7 & J5-C3 | @& J5-NS | I J33-CS | @ J33-NS
TERYMEFREOSSE -1.9£1.5% | -1.5+1.5% | +0.4£1.6% | +3.7+£3.3% | +0.4+2.0% | +0.0=2.8% | +0.4£2.0%

B EE|QBE L -3.8£0.6% | -1.5£0.56% | +1.0=0.5% | -1.7=1.0% | -0.7=0.7% | -0.3£0.9% | -0.3£0.7%
SRRt -vEBERBEoSE | -37209% | -0.9=09% | +0.9£1.0% | +0.0=1.8% | -0.9£1.2% | -1.9£1.7% | +0.0=1.2%

P GEAYEFREOSS '3.4:1.?% '2.3:1.%% -0.2:1.2_“--'0 -2.1£2.3% | -1.3£1.5% | -3.822.1% | -1.3£1.4%
“J“J‘ E1m EBRERLEE -2.4£0.5% | -1.2=05% | +0.6=0.5% | -1.2£1.0% | -0.6=0.7% | +0.0=0.9% | -0.6=0.6%
BRAMEETN Ly vBBEoaeE | -1651.0% | -0.7=1.0% | +0.5=1.0% | -0.922.0% | -1.1=1.2% | -1.9=1.8% | +0.8=1.2%
TEAFETREOFE -110.9% | +1.7£1.9% | -1.5=1.9% | +1.7£1.4% | +2.1£1.2% | +0.2£1.8% | +1.0+1.2%
HEER|QREMARE -3.3+0.5% | +3.0£1.2% | +0.7x1.1% | +0.0£0.8% | +0.320.7% | +1.3=1.1% | +0.0=0.7%
[OkiFs -9.7£10.6% [49.9£13.1% [+31.4£28.7%)-10.3522.2%|-18.9£17.3%[+20.0=27.2%-19.5=12.8%)
iR O a F14.2+13.7% | -1.2+39.9% |-27.0+24.9%|-30.0+15.2%| +0.7+17.3% |-53.8+13.6%|-34.8+11.5%)
5 1m @ g -44209% | -2.7£1.9% | +3.922.0% | -3.0=1.4% | -2.7=1.3% | +0.2=2.0% | +0.3£1.3%
BRAHMEFREDFE -2.0=09% | -3.7£1.4% | -1.7£1.5% | +0.0£1.2% | +0.0£1.1% | +2.0=1.6% | +0.7=1.1%

EFERD |G L -24£28% | -4.5549% | -2.1=5.2% | -2.1=3.8% | -1.0=3.4% | +2.1=5.2% | +1.0=3.5%
WA -41£09% | -2.651.5% | +1.0£1.6% | -1.0=1.2% | -1.8=1.1% | -0.3=1.6% | -1.5£1.1%

ENET BERFETFREOFE -3.2209% | -4.2£15% | -1.0£1.56% | -0.3£1.2% | -1.0£1.1% | +1.9£1.6% | +1.0=1.1%
P 1im @ -6.3£4.6% | -8.5=8.0% |-15.6=7.0% | -7.856.0% | -7.0=5.5% | -4.4=79% | +1.1£5.8%
O 5t Al -3.8£09% | -1.3£1.5% | +0.6£1.6% | -0.6=1.2% | -1.3+1.1% | +1.9=1.6% | +1.3+1.1%

H) TO% TR LTEBMEEZLEDBREIILHE r —ADMEHREL 3.7 XoEKRIZES
XHEAERFBANC L VRO T-EEZRL, +1.0+20.5 %L, HE7F—2QDBREITH T,
HEr —2Q~Q DA DHNEHRREN 05~1.5 NIRERE L D & Z2R1,
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K317 BT —2OEBEICLD8RF v X7 R E~DRELLE (FP 7 ~i#)
Table 3.17 Comparison of the effects of different evaluated nuclear data files on the external dose

of a metal cask model (FP gamma-ray)

FP#H o =48
L E @ J5 @ J33 @ B7 ® J5-CS | & J5-NS | @ J33-CS | @ J33-NS
TREAXTHEFREBEOS X +0.051.6% | -0.4£1.5% | -04=15% | +0.0£1.3% | -0.41.3% | +0.4=16% | +0.0=1.3%
g =T R LEd -01=05% | -0.120.5% | -0.2£0.5% | -0.4£0.4% | -0.4=0.4% | -0.20.5% | -0.4=0.4%
DEFEEET L vBRBBOE Y | -04208% | -1.6=08% | -1.6=08% | -0.4=0.7% | -0.4=0.7% | -0.4=0.8% | -0.4=0.7%
A DEAEETREBOSE +0.0£0.9% | +0.00.9% | +0.0£0.9% | +0.0=0.7% | +0.0£0.7% | +0.0=0.9% | +0.0£0.7%
“ﬁf'% Im [BREFHLE S -05:05% | +0.9:0.5% | +0.920.5% | -0.7=0.4% | -0.7=0.4% | -0.520.5% | -0.5=0.4%
OEFEEEY L vBBBOEE | -1.2507% | -04=0.7% | -0.4=0.7% | -0.820.6% | -0.4=0.6% | -1.2£0.7% | -0.4=0.6%
OEAEETREBOER -0.9:0.9% | +0.050.9% | +0.0£0.9% | -0.920.8% | -0.9=0.8% | -0.9=0.9% | -0.9=0.8%
BEHEE|OFNAE -1.1=0.5% | +0.30.5% | +0.320.5% | -0.820.4% | -0.820.4% | -1.00.5% | -0.8=0.4%
@ -7.356.1% | -4.3+6.1% | -4.356.1% | -8.525.0% | -8.5+5.0% | -6.0+6.1% | -8.1=5.0%
G MU +0.0£7.5% | +0.0=7.7% | +0.0=7.8% | -0.926.4% | -0.9:6.4% | +0.957.5% | +0.0=6.4%
i lm |qh & E +0.051.1% | -0.9=1.2% | -0.9=1.2% | +0.0=1.0% | +0.0£1.0% | -0.9=1.1% | -0.9=1.0%
DEAEETEEBOER -0.7=09% |+05+1.1% | +0.521.1% | -0.7=0.9% | -0.7=0.9% | -0.5+1.2% | -0.5=0.9%
EfEE |G +2.550.3% [F13.6=12.4%+13.6512.3% +2.559.3% | +2.529.3% | +4.5=11.2% | +2.529.3%
SEHNE -0.4=0.4% | -0.320.5% | -0.3=0.5% | -0.4=0.4% | -0.4=04% | -0.4=0.5% | -0.5=0.4%
; BEAPEFEBEOEE -2.7£4 5% | -3.6£5.6% | -3.655.6% | -2.7+4.5% | -2.7£45% | -0.9£5.0% | -4.5+4 2%
%“iﬁlf @t +1.5511.1% [F18.914.9%+20.8515.1% +1.5211.1% | +1.5511.1% | +7.2£13.9% | +3.1=11.2%
D& E -0.820.8% | +0.8£1.0% | +0.8=1.0% | -0.8=0.8% | -0.820.8% | -0.80.9% | -0.8=0.8%
H) TO% CELLIEMELLEDOREITEHE T — X@mﬁhi%37ﬁ@%%
TEEGEBANC L VRO IZEE R L, +1.0+£0.5 %ix, fHE7r—2QDH AT,

R —2AQ~@ DA DI EN 0.5~1.5 %REREXI 2D k%r#

F 318 BT —F OREBIT L DEEF v A7 SRR~ DB
(HEXE L T >~ 1)
Table 3.18 Comparison of the effects of different evaluated nuclear data files on the external dose

of a metal cask model (gamma-ray from activated structural materials)

HWHIEN -~

5 5 & @ J5 @ J33 @ BT & J5-C8 & J5-NS | & J33-CS | @ J33-NS
IRFAFETEEIESSE -1.4+15% | +0.0£1.5% | -0.1£1.5% | -0.1£1.9% | -02£1.8% | -1.5£1.5% | -0.6£1.8%
RIS ERTD (OB RLEE -0.4£0.7% | +0.4£0.7T% | +0.8£0.7% | +0.0£0.5% | +0.0£0.5% | -0.4£0.7% | +0.0£0.5%
DEANA{EF v BEBoS S +0.2=0.6% | -04=06% | -04=06% | -0.1=05% | -0.1=05% | +0.4=06% | +0.0=0.5%
. SEEXEHETREoS S +0.0=1.0% | -1.4=09% | -1.4=0.9% | -0.7=0.8% | -0.7=0.8% | +0.0=0.9% | -0.7=0.8%

Bl
{;J; Eﬁf B R LEE -0.7£0.5% | +0.0£0.5% | +0.0£0.5% | -0.7£0.5% | -0.7£0.4% | +0.0£0.5% | -0.7£0.4%
EREANAEF BB X -0.4+0.8% | +0.8£09% | +1.1£0.8% | -0.4£0.7% | -04£0.7% | -0.4£0.8% | -0.4+0.7%
DREAXAMETFREDERE +0.0=1.3% | -1.0=1.3% | -05x1.2% | -05=1.0% | -0.5=1.0% | +0.0=£1.3% | -0.5=1.0%
HERE RN E -0.1=0.5% | +1.0=0.5% | +1.2=0.5% | -0.4=04% | -04=04% | +0.0=0.5% | -0.4=04%
e o +2. 755 6% | -T.9£5.1% | -5.955.2% | -0.4=45% | -0.4=4 5% | +1.855.5% | -0.4=4 5%
B R (@A +3.4£8.2% | +1.1£8.4% | +0.6£8.3% | -2.0£6.5% | -2.056.5% | +5.4£8.2% | -1.7£6.56%
7 &1m i a3l -0.6+£0.9% | +0.6+0.9% | +0.6+£0.9% | -0.6+£0.7% | -0.6+0.7% | -0.6£09% | -0.6£0.7%
BEXEHETREOER -0.621.0% | +0.0£1.2% | +0.0£1.2% | -0.621.0% | -0.6=1.0% | -0.8£1.2% | -0.6=1.0%
EEF R | -6.1£10.7% [119.3£11.2%(-19.3£11.0%| -6.1£10.7% | -6.1=10.7% | -4.1£13.1% | -5.7£10.7%
MM E -0.4£0.4% | +0.9£0.4% | +0.9£0.4% | -0.4£0.4% | -04£0.4% | -0.7£0.4% | -0.4£0.4%
. BEAXFETFRECEE -3.622.7% | -1.56£3.1% | -1.5+3.0% | -3.6=2.7% | -3.6=2.7% | -3.6=3.3% | -3.6=2.7%
%TE;%E B +0.0£12.0% | -1.8£14 6% | -3.6=14.2% [+0.0£12.0% | +0.0£12.0% | -7.1=13.4% | +0.9=12.0%
A -0.3x0.8% | +0.53=£1.0% | +0.2£1.0% | -0.3=0.8% | -0.3=0.8% | -0.5=09% | -0.3=20.8%

N < = = =N
I TO%TER LEBRELSLEOMEIISHE Y — x@mﬁwi%37t@%%
XMEGFANC I VRO TEZ T L, +1.0£0.5 %i%. FHEAIZF—2QDBEEITH T,

R — X® @DEE DIVEFEED 0.5~15 %fEEREXLRDHZ L 27T,
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Table 3.19 Comparison of the effects of different evaluated nuclear data files on the external dose

of a metal cask model (total dose)

EX0)
Al E @ J5 & J33 @ BT & J5-C8 | & J5-NS | & J33-C5 | & J33-NS
TERAPEFREOS S -4.720.6% | -2.8£05% | +3.8£0.6% | +0.9=1.1% | +0.9£0.7% | +1.520.4% | +0.9£0.8%
{5 R | OB L e X -0.620.4% | -0.6£0.4% | +0.0=0.4% | -0.6=0.4% | -0.6=0.3% | -0.3£0.4% | -0.6£0.3%
SRFAMEET L vBBEogm & | -0.7204% | -1.4+04% | +0.0=0.4% | +0.0=0.4% | +0.0£0.4% | +0.2=0.4% | +0.0£0.4%
SERIPETFREOS S -2.5:0.5% | -1.7£0.5% | +2.320.6% | +1.0=1.2% | +0.4£0.7% | +0.520.5% | +0.4£0.6%
['Efgff B RLE T -0.9£0.3% | +0.0=0.3% | +0.520.3% | -0.720.3% | -0.52£0.3% | -0.4£0.4% | -0.5=0.3%
SREAMHALT - BEEog -1.6=0.4% | -0.720.4% | +0.720.4% | -0.4=05% | -0.5=0.4% | -0.9=0.5% | -0.1=0.4%
DREAHETIREOER -5 80 2% | -34x04% | +41£05% | +01=03% | -01£03% | +0 120 4% | +0 10 3%
HEFET | O8N A -3.820.2% | -1.1£0.4% | +3.3£0.4% | +0.0=0.3% | +0.0£0.3% | +0.3£0.4% | +0.0£0.3%
& +0.8£3.6% | -5.0=3.6% | -5.0=3.5% | -0.8=3.0% | -1.7£2.9% | +3.4£3.8% | +0.0£3.0%
FER=E el B E -2.5+4 6% | -2.9+5.0% | +0.3£4.9% | -29+3 8% | -24+£3.8% | +1.724.9% | -2.2+3 8%
s lm | g -4.2:0.3% | -2.1204% | +4.9£0.5% | +0.7=0.4% | +0.0£0.3% | +0.0£0.4% | +0.0£0.3%
DREATETIEEOERE -5.7=£0.8% | -1.6x1.5% |+14.6=2.5%| +1.6=1.3% | +1.621.1% | +1.6£1 4% | +1.6x1.1%
EiRE ®dd -4 0+£20% | -2.723.4% | -0.723.7% | -0.4£28% | +0.2£2 5% | -0.7=3.6% | -0.4+2.5%
& A E -20+£03% | -10=05% | +15205% | -05203% | -052£03% | +0.0=04% | -05=03%
ENEE BRAHETREOEE -9.8221% |[-10.522.5% | +0.0=3.5% | -4.6226% | -5.2£23% | -2.0=3.2% | -0.723.1%
?,J:'% 1m B -6.3£2.4% | -6.924.2% | -5.023.9% | -2.523.2% | -2.5£2.9% | -3.824.2% | -0.6=3.0%
&R -5 7+1.2% | -1.9+1.7% |+12.525.0% | +0.0=2.1% | +1.0£=2.0% | +1.9£2.5% | +1.0+1.6%

H) TO%THRL LTEBMEELEDBEEIISHE r —ADMEHRZEL 3.7 XoEKRIZES
XHEAERFBANC L VRO T-EEZ R L, +1.0+20.5 %L, HHE7F—2QDBEEITH T,
HEr —2Q~Q DA DHNEHRREN 05~1.5 %IRERE LD & &R,

3.2.8 B EELAI T — &
ARIETIX, K3204)7 — % ARBOER DTV R STV DL FICBE LT, Bt
FHRELRI T — 212 L 2 B OB CHREEMIT 2 i L, MBNAEDOHEREBE LT,
VDB IT W BB fib R0 F Ot DR B A A RS D % FE O W R I, LR
PR 0L — k9 2 B SR B S T2 O IEREE DM RGE S 41T 5 D R

() 1IZLdi

LT ANBIEICE D 20 MeV LU O 3L X — 8l CTo FE ik st ik, kT
EWVEIR KL O EAER (Bl WIS OfeR%E R T — 2 X—2 b LB T A 7
7 VICEED O TR E N EITT 200, FHE T O 30 — 3 WE OBGEB) kAT E T
BTT 2L, WEDDFEBCR M ED T BELIC B L 5 2 2720 B2t
T OB S % BR L CRI - 57201213, b ORBEZ IR L L TEET L
DOEHVETBELAIT — 4% (LLF TS(o,B)] £V 9H,) BREITAR D, S(o,B)EBAKIEN D
EREHESCIEECTHLIN., ZNECTHRITICBIT 2 EHHRE BRI L3
< REOREICKT 2MmRIIANZE LTV D,

GJE X v A7 OHFMEERMIZIE. S(.B)T —Z DHFEELBRNVTRFURL Y UMD
ETDRAKFBROMELZ WD Z &1L < ZIRT U~ R EICRET 2 M-
HCOBPMET RN ZFRET DI, R E LTho Eobdz A D 0N 22 flnx
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BARMEIZ 72> TUN 722U,
ARIETIE, S(a,B)yT— X DEENBEX v A7 NTBRE~DOREBLFMT L2 LT, &
S(o,B)T — ¥ DR EIKTT 2 MEFRNEBE OB R 2 et L=,

Q) #HETr— A RO

B ORT — 4 JENDL-5 IZ S Wi 7 4 7 7 VI, LA F O RALKEEWIT KT
T % S(a,P) R S LT 5D,
RYyzFL
NP
L
AVF L

NV =Y % & %
X ) —)v
77 U

VY VNOKRFEEZHBRIEE LTI, fidEELr S8 T 57200 S(a,p)a i E L
WG E AR 285 L LT, O~O0r—A & d 52 LIk, @FF
¥ AT RRONITRE~OZEZHM LTz, B, 7 —2OQDR Y =F L 220\ TUE,
WYEIRE % 300 K Ko OVl VB 2 364 L 72 BB % v A 7 THRRE S5 Wik BE b 16 5
IZE VTV 350K D 2 SofEZEFE LT,

Qe 06006

(3) FEMRIOELR
HEr—2O~DIZ2oWT, 3.8 UTRT LV kT D S(o,B)DFEEDEWREEF v
27 JRAAEER ORRBHE L S I2B T 2 RE D 5 1mD s COMEIZ G 2 2 B EswpC
Lo THE ORI Z & 1T LA R 2 #3.201279, 2 Z2C, 38XNALDONETH
% [S(a,B) &K E LR WG | 1TERT &I THY . LY NOKRFELHBRKAE S LTHR
DD Z LY T B,

o _PUEARIEENO SpE VYV ICRE LA ONERE (3.8)
S(a.p) S(a, B) % L NCERE L WIS O AV B & ‘

PR S &V . JENDL-5 (2N Sk S 72 S(a,BYD X EIC L 0 A EICHRSFH) & 72 B R KSE
FORBAA DT BRI BELRNZ BIE L 2 W SRERL SR ORE & 78D, 2L,
BI3I5 IR T Loy rfhokFELHBTIAE T D (S(a,B)Zi&E LRV) 139 g
PEFART TR 20, KO Z ORIV ~HERERSNDTDTHD, LR
L0 RACKFERFM & AT Pl fob i, BRI HGELRN S(aLB)E B FE L
PRSI CTH 2 Z L BHEBANE DR E R L L TR LT,
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f 14 F 5 (n/cm?/s/Lethargy)

#320 LYUTHT D S(L,B)DRTEIC L DEEF

Table 3.20 Comparison of the effects of the S(a.,3) settings for the resin on the external dose of a

metal cask model

Y A7 AMER R B~ DR L

HEYy—2 154 EE (K] g TR e
o FEUTFLL (CoHY),, 300 -2.9:1.9% | —4.9+0.7%
FUTFL (CoHY,, 350 +0.2£2.5% | —4.2+0.7%
@ THUINL (CsHs0),,| 300 -3.6:1.8% | —4.8:0.7%
@ L CeHg 300 -29:1.9% | —4.8:0.7%
@ TR ] C-Hg0 300 ~3.6£1.8% | —4.2+0.7%
& ATl CoH;o 300 -92.6£2.1% | —4.9+0.7%
@ P 7zl AR CpHyg 300 -3.1+1.8% | —4.8:0.7%
@ Fil CsHio 300 -1.4£2.0% | —7.1=0.7%
T O%THEIL LIZBREZBNLEOREIILFE 7y — ADOMEHHZELE 3.8 RO BRIZHES
ETRELHFANC LV RKDT-EZ R L, +1.020.5 %1%, AR SEICHRT, 3HE
=2 DO~DDYEE DIV 0.5~1.5 %REREX LD Z L &2RT,
1E+04
1E+03 | i
1E+02 E
1E+01 —
1E+00 E
—Free Gas
_ —Poly (300K)
Poly (350K)
1E-02 }
1E 11 1E-10 1E-09 1E-08 1E-07 1E-06 1E-05 1E-04 1E-03 1E-02 1E-01 1E+00 1E+01 1E+02
hHEFIRILE—  (MeV)

X 3.15 S(a,B)YDEEICLELD LY FATOFREFZ R AT hLO LK

Fig. 3.15 Comparison of the neutron energy spectra in the resin with S(a.,3) settings
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#3210 fERHEHE, BRARLOREER (B&FEF v X7)
Table 3.21 Validation items, validation contents and points to note (a metal cask)
A H AN Rt I~ & HER
Aol FH 5 BRORE D BRIBESE 13, BEARAL I C o e M

1.1 Hp R
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EREDOBRBERE S Ul P IRRAE S B 2 6
TV D50

ﬁﬁ%%ﬂﬂ%@E%F“W&Ummﬁm
% MM R B 3 B 7R 7 vE CRMA éﬂfw
AR

[#2]

PR IRBRE OFFRIL, R IR EERF R —
(ORIGEN %) AW B, BREERHE OSM-CH L
TEWIHEFE T A 77 UM, *ROM HFEBRENO S 12 A
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e R L F— 27 hLid, FEALE To
HPET- RO IR o~ R ED . BRE RO
FHNTEROLE SR LI ITHESI N TV DD,
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Koy B D JF DY (an) s £ 0 b BRI 5ER BE S K &
<. FORTET AT =S DL 9Py Bk 7
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&#%wﬁ (o) FME IR EE O EIAE BN RKE VWA
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= 90.7 94 8
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EH O |[Hrvig FP L1 L 1.68x107 3.48x10° 586
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Table 4.2 Elemental compositions for the basic analysis of a spent fuel dry storage facility model

4.2 Rk R AT R O FEAMEAT O W ALK

55 R £ | murv-r | g R zFL
sk OoR | BMMERNY KT r BEES | s
EE‘S 0.00120 1.52 2.20 T.86 0.870

[g/em®]
H-1 T.199E-09 2.263E-02 5.790E-03 — T470E-02
C-12 T7.585E-09 — — — 3.735E-02
N-14 3.910E-05 — — — —
0-16 1.054E-05 3.259E-02 3.993E-02 — —
Na-23 — 4 007TE-04 1.080E-03 — —
Mg-24 — 2. 004E-04 3.T13E-04 — —
Mg-25 — 2.537TE-05 4 TO0E-05 — —
Meg-26 — 2.793E-05 5.175E-05 — —
Al-27 — 3.397E-03 2.850E-03 — —
Si-28 — 6.377E-03 1.277E-02 — —
5i-29 — 3.238E-04 6. 482E-04 — —
5i-30 — 2135E-04 4 273E-04 — —
3-32 — — 4 T4TE-05 — —
8-33 — — 3.800E-07 — —
3-34 — — 2.145E-06 — —
S5-36 — — 1.000E-08 — —
K-39 — 8.503E-05 8.207E-04 — —
K-40 — 1.192E-08 1.030E-07 — —
K-41 — 6.858E-06 5.923E-05 — —
Ca-40 — 2.190E-04 2 491E-03 — —
Ca-42 — 1.462E-06 1.663E-05 — —
Ca-43 — 3.050E-07 3.470E-06 — —
Ca-44 — 4 T12E-06 5.361E-05 — —
Ca-46 — 9.036E-09 1.028E-07 — —
Ca-48 — 4 224E-07 4 B06E-06 — —
Ti-46 — 7.534E-06 9.075E-06 — —
Ti-47 — 6.7T94E-06 8 184E-06 — —
Ti-48 — 6.7T32E-05 8.109E-05 — —
Ti-49 — 4 940E-06 5.951E-06 — —
Ti-50 — 4 T30E-06 5.698E-06 — —
Fe-b4 — 5.596E-05 3.507E-05 4 953E-03 —
Fe-56 — 8.785E-04 5.505E-04 T.776E-02 —
Fe-57 — 2.029E-05 1.271E-05 1.796E-03 —
Fe-58 — 2. TO0E-06 1.692E-06 2 300E-04 —

SRR B T EE S B [10 atoms/em?]
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Table 4.4 Comparison of the effects of the source settings on the dose at the site boundary
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400 13.2=0.09 1.93=0.01
500 12.6=0.08 1.98=0.01
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Fig 4.5 Comparison of the neutron energy spectra (metal cask surface)
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Fig. 4.6 Comparison of the gamma-ray energy spectra (metal cask surface)
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Table 4.5 Comparison of the effects of the outer shielding objects on the dose analysis at the site

boundary
BtR7 -2 CEE @AHA v 8
7 fi IR BEFSOEH S BETSOH S

18I T 4 1R 2.0£0.0% 98 =1 9%
T | LERE 0.720.0% 99.3+1.7%
it 1.0=0.0% 99 01 5%
B E % iR 49.2=0.6% 50.8+1.4%
0° ZiRH iR EERE 30.6+0.8% 69 422 0%
it 36.220 6% 63.821.4%
18 493 81.70.6% 18.320.7%
Ar=i |LERE 27.0=0.4% 73.0£1.3%
il 78.4+0.6% 21 8£0.7%
& &t 58.3+0.4% 41 720 6%
18 452 U 15:01% 95.5£2.8%
HiEF | EERIE 0.6=0.0% 99 429 0%
5t 1.50.0% 98.5:1.7%
18I 452 08 41.720.9% 58359 3%
e [FEPY V| EEBE 25.320.6% T4.7£2.6%
il 30.2+0.5% 69 822 0%
18 785 45 1R 75.70.6% 24 320 7%
Hr=i# |[LERE 16.8£0.3% 83.9:1 5%
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25t 41.0=0 3% 59.0:0.7%
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Table 4.6 Comparison of the effects of the metal cask models on the dose

% 1 A+XmE) B (YmE) C(Z1mE) DiZ2®E)
Z=260 em Z=980 em H=1580 cm X=1580 em
BT BEHLES | BEOHRSD %2y @B L % e 2y @I L
i -4 5£9.3% -3.1£9.3% +0.8=2 5% +1.1£3.7%
s I - +16.4+22.2% +14.0=13.3% +1.8+5.3% -20.0=13.9%
Hi v g -0.524.3% -4.0+4.1% +3.4=2.4% +29.5=16.9%
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Table 4.7 Elemental composition ratios in the sensitivity analysis of the concrete compositions

HEAy -2 @ ) €) @ ® ® @
T [glom®] | 220 2.10 2.30 2.10 2.10 2.17 2.17
Asg %]l | 39 9.2 89 3.1 31 6.1 6.1
H 0.44% | 1.03% | 1.00% | 0.35% | 0.35% | 0.69% | 0.69%
C - 0.10% - - 9.97% - 9.66%
0 48.299% | 54.68% | 53.20% | 51.63% | 30.38% | 52.79% | 32.18%
Na 1.88% -~ 2.90% -~ -~ -~ -~
Mg 0.86% | 0.22% -~ -~ -~ -~ -~
Al 581% | 3.48% | 3.40% -~ -~ -~ -~
Si 29.36% | 34.60% | 33.70% | 33.11% - 32.08% -
g 0.12% — — — — — —
K 2.60% -~ -~ -~ -~ -~ -~
Ca 7.78% | 4.46% | 440% | 7.93% | 59.30% | 7.68% | 57.47%
Ti 0.40% -~ -~ -~ -~ -~ -~
Fe 253% | 143% | 140% | 6.98% - 6.76% -
R EE

1) B oEORNIREIIRI2OLRICHEL 5,
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Table 4.8 Comparison of the effects of the concrete compositions on the dose at the site boundary

Fi 8 2 [uSvivl

Ry @ e €)) @ ® ® @

=% [glom’] 2.9 21 23 21 21 217 217

i 7 & [%l] 3.9 8.2 89 a.1 a1 6.1 6.1
oM 4 01E-03£1.19% | 1.33E-03£2.30% | 9.04E-04+£2 31% | 8 43E-03=1.49% | 1.8RE-02£0.58% | 2.68E-03£1.53% | 4.12E-03£1.02%
0® iR H v ig| 5.B3E-04=2.57% | 2.70E-04£1.80% | 1.75E-04£2 58% | 1.03E-03£1.63% | 1.28E-03£1.08% | 4.01E-04£1 81% | 3.79E-04+2 42%
Hiwig 1.22E-02=0.85% | 1.7T8E-02=£0.34% | 9.15E-03£0.40% | 1.65E-02£0.45% [ 1.03E-02£0.62% | 1.31E-02+£0.48% | 8.23E-03£0.59%
i 3.96E-03£1.54% | 1.35E-03£1.62% | 1.10E-03£2.40% | 7.50E-03£0.76% | 1.61E-02£0.63% | 2.689E-03£1.78% ([ 3.72E-03=0.94%
90° kA w38 453E-0421.81% | 2.209E-04£1 73% | 1.77E-04£3.02% | 7.7T1E-04£1.72% | 9.84E-04£1.31% | 3.29E-04£2 02% | 2.80E-04+1 48%
Hirwig 5 41E-03£0.85% | 7.82E-03£0.51% | 4.09E-03£0.62% | 7.26E-03£0.63% | 4 64E-03£1.04% | 5.80E-03£0.63% [ 3.72E-03£1.38%
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BRI LD ERNROZENBNDDHRTHY . [UEDBEWREIZBWTEZEMlE D,
Fe S E 00 A% 5 B IFABTE LT < VWS, B 00 8\ MR I MR R 3 A B S B B A
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Table 4.9 Sensitivity analysis cases for the air atmosphere composition

HEr— 2 o o | ® | @ | ® ®
2L M |Koyamaetal ™ HERBIR (2 AT D EE 2L LT, i~
SF[hPal 1013.25 1013.25 1013.25 1013.25 950 1050
HH*T R E [%] 0.6 100 50 0 0 0
Tg%*ﬁ;[g/cm?’] 1.205E-03 1.194E-03 | 1.199E-03 | 1.205E-03 | 1.130E-03 | 1.249E-03
H-1 7.199EK-09 1.157E-06 | 5.786E-07
C-12 7.585E-09 4.434E-09 | 4.486E-09 | 4.538E-09 | 4.255E-09 | 4.703E-09
N-14 3.910E-05 3.847E-05 | 3.892E-05 | 3.938E-05 | 3.693E-05 | 4.081E-05
0-16 1.054E-05 1.091E-05 | 1.074E-05 | 1.056E-05 | 9.903E-06 | 1.095E-05
Ar-40 - 1.272E-07 | 1.288E-07 | 1.303E-07 | 1.221E-07 | 1.350E-07

HEE B T E S £ [10™atoms/em”’]

E) SHEF—2O0~ODIEE X2 T20C,
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Table 4.10 Comparison of the effects of the atmosphere compositions on the dose at the site

boundary
FiuftE Yy —~2|RE [hPal| 2% [%] HEF | AR AL v g
@ 1013.25 100 -199:19% | -27:13% | +36:10% | -21x08%
@ 1013.25 50 -7.6£2.2% | +3.3:14% | +14£10% | -0.5:0.9%
0° @ 1013.25 0 +3.3524% | -36£13% | -0.7509% | +05+09%
) 950 0 +22.3:28% | +83x15% | +108:11% | +136=1.0%
& 1050 0 -3.722.2% -10.4=1.2% -5.8=0.9% -5.2=0.8%
@ 1013.25 100 -219:13% | -35216% | +15:07% | -8.0x07%
@ 1013.25 50 -12.6515% | +0.4517% | +0.520.7% | -4.5:0.7%
90° @ 1013.25 0 +11=17% | +211£18% | +00:07% | +1.8=08%
) 950 0 +146:19% | +114=18% | +92:08% | +116=09%
& 1050 0 -8.4=1.6% -5.2=1.6% -6.6=0.6% -7.1=0.7%

) TO%THEIL LIEBRELILEDOBEEITISHEr — 2A0MHEEL 45 KOBRICES
XHELGFBANC L VRO EZ TR L, +1.0£0.5 %i%, HEr—2QDOBAITH T,
HEr—2Q~O DB DO MEE AR EN 05~15%RERXL DL L E2RT,
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#4.11

Table 4.11 Elemental composition ratios in the sensitivity analysis of the ground compositions
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Table 4.12 Comparison of the effects of the ground compositions on the dose at the site boundary
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Table 4.13 Effective dose ratios at heights of 0 and 20 m (evaluation by approximation curves)
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Fig. 4.11 Vertical-direction dose distribution at the site boundary
(distance 500 m; 0° direction)
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Table 4.14 Validation items, validation contents and points to note (a spent fuel dry storage facility)
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Fig. 5.2 Validation flow of each item to confirm the reliability of analysis results (1/2)
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Table 5.2 Sensitivity analysis cases for variance reduction

FHES— R AR FRILA T KL T H 2R S HUEEGE  (CADIS ¥£) # 53~58 DEL
OE S /83 NP K53 O [321HEEFL - AR < O EIRIE R L - ML
TR E 25t « Ay valf i 2cem + CADIS (2 cm)
4 cm + CADIS (4 cm)
8 cm - CADIS (8 cm)
16 cm + CADIS (16 cm)
@ar 7V —rOEE| K53 Q@ |[421HEFAL A1 A5 HH 2R - Sy UK L - ML
i Ay valg  BERENUTERIES
1/10 (tF#E+ 35 cm, H > < #% 70 cm) - CADIS (1/10)
V4 (FPET 23 em, H 2 <iff 35 cm) - CADIS (1/4)
12 (fFtE+ 13 cm, >~ 20 cm) - CADIS (1/2)
@MERLIE & DK AR 53 @ |321HHEFEL RFERbE | OERT DQLFEL
- R
@DFRFEA N —I 7 K53 @ |[421FEEFEL RFEmRbE | - QLFEL - @&FL
- R c RREJREEN 14 LD A vl (FPET 23 em, - FW-CADIS
W= 35cm) TO FW-CADIS 12 & 2 FEfEE A
OABA XA K53 ® |421HOFEIZ | - SR - Oy ERRCHE L - ML
BU2E8RNE | -HEBRRHE | - Ay vall BERENLUTFTERDIES
i O -5 - R e 1/10 (100 m) - CADIS (1/10)
(HERTER) 1/4 (50 m) - CADIS (1/4)
172 (20 m) - CADIS (1/2)
CRERGEN 14 LB A v alE (50m) TO - FW-CADIS
FW-CADIS ¥#:1C & 2 BfE e+
@KKEARN) =7 | W536® |@LFEL ®LFEL c KEEA R Y — I 7 EIE@0 CADIS (1/4) & R U
LOADA v A c ZERERIE® R T - ®EFLT

#) FW-CADIS |%. Forword-CADIS % =34 5,
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Fig. 5.3 Geometry model for the sensitivity analysis of variance reduction
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Table 5.3 Results of the sensitivity analysis of variance reduction

AEDFHAEFE R (OF v 2 7 EikOREER)

(DDeep penetration for the cask shield)

38 a1 5 Bk IS ] SHEER |HMHEE CPU time 10 statistical checks
B . . History ) ) ] FOM
(R v i 208 [uSvhl | [%] Fode] oleleole/ole/e elo
E L 1.00E+Q7| 3.73E+00Q 3.01 1720l 6OE+QO| O (OO | Q| OO | OO OO
i CADIS (Zem) | 1.00E+07| 3.66E+00 0.25 272 GOEHO3| O | Q| OO | O | x | x |O|O| %
£ | CADIS (4cm) | 1.00E+07| 3.70E+00 0.35 269 30E+03| O | O x [ x [ x| x| x| x| O %
¥ CADIS (8&em) | 1.00E+07| 3.T1E+00 0.21 470 4BE+03| O | Q| OO | O | O | x |O|O| %
CADIS (16em) | 1.00E+07| 3.71E+00 0.38 519 13E+03| O QO (OO |C|C|O|O|O
- EL 1.00E+07| 1.6RE+01 0.28 1998| 64E+02| O (O (O | OO || OO | OO
ﬁ CADIS (Zem) | 1.00E+07| 1.68E+01 0.10 3548 2BE+03| O (O | OO | OO | =x |O]O|OC
?j CADIS (4em) | 1.00E+07| 1.68E+01 0.11 2274| 3GEH03| O (OO | O |O|C|x |O|O|[O
%’é CADIS (8&em) | 1.00E+07| 1.68E+01 0.14 3163 16E+03| O (OO |O|O|OC | =x |O| x| O
I CADIS (16em) | 1.00E+07| 1.68E+01 0.18 2655 12E+03| O (OO | OO |C|C|O| x [O
F Fi A 2.00E+11| 541E-06 5.13 T3206| HO0E02) OO |C|O|OC|O|C|O|O| %
F CADIS (Zem) | 1.00E+07| 5.23E-06 0.49 41 I0E+| O | OO | OO0 |O|O|0O |0
Z‘j CADIS (4em) | 1.00E+07| 5.26E-08 0.62 32| B1IEHO3| O | OO |O (OO |C|O |00
;’é CADIS (8cm) | 1.00E+07| 5.18E-06 1.06 41| 22E+03| O | Q| O | OO | O OO OO
' CADIS (16em) | 1.00E+07| 5.42E-06 311 32| 32E+02l O | OO |O|O|OC|C|O |00
i =1 4 59E+11| Z246E-04 0.54 252585 10E+00| O | OO |O|C|O|1C|O|O| %
?g CADIS (2cm) | 1.00E+07| 246E-04 051 61| 63E+03| O[O |0 [O|o|o|o]o]o]0
Z‘:J‘ CADIS (dem) | 1.00E+07| 2.48E-04 0.61 28| 9GEX03| O | O[O |O|O|OC|C|O |00
; CADIS (8em) | 1.00E+07| 2.49E-04 0.89 33| 38E+03| O | OO OO |OC|O|1O|0O |0
i CADIS (16em) | 1.00E+11| 247E-04 0.06 38619 T2E+02| O | O |C|O|O|O| = |O|O| %
£ 54 SHIKEIERGEOFREAER (@Q=ar 7 ) —FowEER)
Table 5.4 Results of the sensitivity analysis of variance reduction
(@Deep penetration for concrete)
i B I . FTREER |(fFifEE |CPU time 10 statistical checks
B . . History ) ) ] FOM

(R i i) [uSvhl | [%] Fserd) oo eloeloleeelo
ZL 8.00E+07| 9.27E-04 1.00 4259 Z3EH0| o |O (oo | |0 |Oo (O |Q |0
?; CADIS (1/100 1.00E+07| 9.16E-04 0.76 184 Q4E+02) O | Q| O |O | Q| % | % |O | D] x
F CADIS (1/4) 1.00E+07| 9.28E-04 0.43 203 2TEHO3| O | | Q@ |O |0 | O |Q |0 |0 | =
CADIS (1/2) 1.00E+07| 9.26E-04 0.22 SR8 3EEHO3| O | O | |O |2 |0 | x |0 |0 =
; =1L 1.00E+07| 2.17E-04 1.07 TEE| 11EH02 O | O | | O | % || O | = | % | O
1%{‘ CADIS (1/10) 1.00E+07| 2.17E-04 037 116.7) 63EH2| o || | |0 || x |0 |O|O
:,; CADIS (1/4) 1.00E+07| 2.17E-04 0.36 0T BEEH02| & | O | = | = | D= | = |0 |0 =
# | CADIS(U2) | 1.00E+07| 2.17E-04 0.20 2386 10E+03| o (o oo |o|o|olo|o |«
) EL 1.00E+07| 1.67E-05 1.79 55| 5.7E+02l o |0 (o |o|o|o|o|lo|e|o
53 CADIS (1/10) | 1.00E+07| 1.68E-05 0.47 48| 94E+03| o (o (o || |o oo o x
%’c CADIS (1/4) | 1.00E+07| 1.67E-05 0.17 63 55E+04 o |0 o |o|o|x |x|o|C|O
CADIS (1/2) 1.00E+07| 1.67E-05 0.11 24 3AEHM| © | O |2 | O || D [ % |0 | O | K
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Table 5.5 Results of the sensitivity analysis of variance reduction

(®The cask shield and a defective part)

sa | W | TEREEE _ FTEE R |fEF = | CPU time 10 statistical checks
3E | ~ History ) ] FOM

2 | (A wi2f8) [uSv/nl | [%] [min] 9686 0660 e 6 660
= 3.35E+08| 1.69E-07 0.60 26,161 1.1E+00] = (O | O | OO | OO |0 | OO
H. | CADIS (2em) 1.00E+08| 1.82E-07 3.72 1372| B3E0 O | O[O |O|x |O] = |x |[Ofx
ﬁ CADIS (4em) 1.00E+08| 1.71E-07 1.72 2090 16E+0Q) O (O | OO O | OO | OO %
£ | CADIS (8cm) | 1.00E+08| 1.71E-07 0.56 1,993 16E+0| O | O | Q| O |O|x |=x |OQO|O|O
; CADIS (16cm)| 1.00E+08| 1.71E-07 0.43 3140 1L.7E+| O | OO OO OO OO0
F EL 3.35E+08| 3.39E-07 1.17 26,161 28E-0| O (OO |O|O0|O OO |00
% CADIS (2em) 1.00E+08| 3 44E-07 3.34 1372 BAE0C|OC|(C|O|O|0|O0|O|0O =
# | CADIS (4em) 1.00E+08| 3 42E-07 239 2090 B4E0 O (O | O |O|x |O|O| OO | %
%ﬁg CADIS (8cm) 1.00E+08| 3 44E-07 1.21 1,993] 34E+00| O | O | OO | OO | x | O] O] x
CADIS (16em)| 1.00E+08| 3 42E-07 0.86 3.140| 43E+00| C | O (OO OO | OO |00
EL 3.00E+08| 1.34E-09 1.72 6,283 B4E0 O | OO |O|IO|O|O0 OO0
H. | CADIS (2em) 1.00E+08| 1.37E-09 0.49 3679 LIE+Q O (O | OO | O |0 |0 |00 O
_ ﬁ CADIS (dem) | 1.00E+08| 1.36E-09 0.58 3.560| BIEHQ O |OQ|OQ OO O = [O|O|0O
ﬁ & | CADIS (Scm) 1.00E+08| 1.36E-09 0.83 2571 BTEHOO| O (O | OO | O | OO | OO |0C
H CADIS (16cm)| 1.00E+08| 1.33E-09 1.40 2705 19E+00| O | OO |O | O x | = | O |O|0C
o EL 3.00E+08| 2.97E-09 3.29 6,283 15E0)C|C|(C|O|O|1O|O|C |00
ﬁ; g CADIS (2em) 1.00E+08| 2.91E-09 0.76 3679 4TEHQQ| O (O | OO | O | OO |O|O|C
# | CADIS (4em) 1.00E+08| 2.94E-09 0.92 3,560 B3EH00| O (O | O|O|O|O|O|O|O|0C
Eﬁg CADIS (8cm) 1.00E+08| 2.95E-09 1.53 25T 1TEHOO| O | O (OO 1O |10 |0 |0 |00
CADIS (16cm)| 1.00E+08| 2.88E-09 262 2705 54E-01| OO | O|O|OC|O|O|O|O|0C

E) EfKBEOR MBI
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Table 5.6 Results of the sensitivity analysis of variance reduction

(@Streaming in the labyrinth structure)

48 g ) FTRESR|fEMEE |CPU time 10 statistical checks
8 i} _ History ) _ FOM

B (A vy alE) [uSv/h] [%6] [min] 966 66 06 e 6|00
=L 5.00E+09| 5.83E-10 0.15 99447 45E+000 C | O | O | OO OO |OC|[O|O
g CADIS(1/10) | 1.00E+08| 5.84E-10 0.25 14043 LIE+Q2| C (O | Q| Q| Q| Q| x| O[O |0
# | CADIS(1/4) 1.00E+09| 5.84E-10 0.07 151805 13E+02| O | O | Q| OO | O | OO (OO
%&E CADIS(1/2) 1.00E+09| 5.83E-10 0.07 165483 12E+02| © |O | O | OO | O | OO0 | O
l#' FW-CADIS 1.00E+08| 5.83E-10 0.27 12196| L1IE+02| C |OQ | O | Q|| Q| O | OO |0
E i 5.00E+09| 5.83E-10 0.02 99447 2B5E+02| O | O | O | OO |0 | O | O[O |0
H. | CADIS(1/10) | 1.00E+08| 5.83E-10 0.07 14043 15E+03| C | O | O | OO | O | O | O[O | O
ﬁ CADIS(1/4) 1.00E+09| 5.84E-10 0.02 151805 16E+03| © |O | O | O[O |O|O|OC (OO
B8 | CADIS(1/2) 1.00E+09| 5.84E-10 0.02 16548.3| 15E+03| © | O | Q| OO | O | O | O | = | x
FW-CADIS 1.00E+08| 5.84E-10 0.08 12196| 13E+03| C | O | O | OO | O | O | OO | O
=L 5. 00E+09( 1.23E-11 0.20 43496 4| 5TEHO0| O | O | OO | O | OO OO |0
% CADIS(1/10) | 1.00E+08[ 1.23E-11 0.84 12611 1LIE+0| © | O | Q| O | x | Q| O[O | = | x
# | CADIS(1/4) 1.00E+08| 1.23E-11 0.60 13689 20E+0| O | O | O | O | O[O |O|O|O| =
& %&g CADIS(1/2) 1.00E+08| 1.23E-11 0.53 16058 22E+01| C O | O | OO | O | x |O|O|O
H FW-CADIS 1.00E+08| 1.22E-11 0.71 15556| 13E+01| C | O | Q| OO | Q| OO |0 | x
v =L 2.00E+09( 1.23E-11 0.03 43496.4| 26E+02| O | O | OO | Q| OO |O| O] %
;% é CADIS(1/10) | 1.00E+08[ 1.22E-11 0.11 12611 6EE+02| O | O | O | OO | O | OO | O | x
H CADIS(1/4) 1.00E+08| 1.23E-11 0.10 13689| T3E+02| C |O | O | O[O |O|O|OC|O|O
%= | CADIS(1/2) 1.00E+08| 1.23E-11 0.09 16058 T7TE+02| C |OQ | Q| Q|| Q| O | O[O |0
FW-CADIS 1.00E+08| 1.23E-11 0.42 15556 36E+01| O | O | x | x | x| x | x| % |[O| x
L 5.00E+09| 2. 40E-13 0.61 127757 21E+000 © | O | Q| OO | O | OO |0 | O
% CADIS(1/10) | 1.00E+08[ 2.19E-13 444 1488 34E+00| © | O | O | O x| x | x [ x [ O | x
# | CADIS(1/4) 1.00E+08| 2.94E-13 2224 1596 10E0 O | x | Q| O | = | O x [Of = | =
. %&g CADIS(1/2) 1.00E+08| 2.51E-13 5.75 1793 1L7TEH+00| O | O | = | % [ x| = | x [ x [O| x
w FW-CADIS 1.00E+08| 2.24E-13 3.92 1888 34E+00| C | O | O | OO |O|O|OC|O| x
~ =L 2.00E+09( 2.42E-13 0.07 127757 16E+02| O | O | Q| OO | Q| OO (OO
" &, | CADIS(1/10) | 1.00E+08| 2. 40E-13 297 1488 S8E4HQ0| O | O | % | x | x | x | x| = | O] =
ﬁ CADIS(1/4) 1.00E+08| 2.37TE-13 0.84 1596| 89E+01| C | O | O | OO | Q| O|C|O| x
%= | CADIS(1/2) 1.00E+08| 2.39E-13 0.86 1793 7THE+01| C (O | Q| OO | O | x| |0 | O
FWCADIS 1.00E+08| 2.40E-13 1.06 1888 47E+01| C | O | O | OO | O | x| O[O |O
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Table 5.7 Results of the sensitivity analysis of variance reduction (&Skyshine)
18 & o {H ik FREER | faifEE |CPU time 10 statistical checks
"'J? i} History FOM
B ((Awi 20E) [uSv/h] [s] [min] Qe a0 e 0e e o0
EL 2.00E+08| 9.9TE-13 2.66 10442 14E-01 OO |O|O|OC|O|C|O|C|O
% CADIS(1/10) | 2.00E+08| 9.9TE-13 2.34 2357 TTE0O|O|O|O|C|O|C|O |00
# | CADIS(1/4) | 2.00E+08| 1.08E-12 6.29 1767 14E-0 O | Q| O |O | x |O|C|O|O| x
%.ﬁg CADIS(1/2) | 2.00E+08| 1.03E-12 0.41 35010 LVEHO O | O | O |O|O | x| x |O|O| x
FW-CADIS | 2.00E+08| 9.87E-13 1.81 23400 13E+00 O | O | O |O|OC|O|C|O|OC|O
EL 2.00E+08| 1.02E-12 5.56 10442| 30E02/ O | = |[O|O|x |O|C|O|C| x
Ht &. | CADIS(1/10)| 2.00E+08| 1.09E-12 485 2357 1BE 0O |OC|O|O|x |O| x| x| x|[x
£ Tﬁ CADIS(1/4) | 2.00E+08| 9.839E-13 5.37 1767 20E-0 Q| x |OQO|O| x| O] x| x| x|x
¥ 1% | capisw2) | 2.00E+08| 1.04E-12 1.24 350100 19E+0O| O | O | O |O | x |O|C|O| x|O
FW-CADIS | 2.00E+08| 1.01E-12 2.56 2340 65E-01| Q| O |O|O|O|O|OC|OQ|O| %
EL 2.00E+08| 1.02E-12 0.27 10442| 13E4+01| OO |O|O|OC|O|C|O|C|O
?E CADIS(1/10) | 2.00E+08| 1.00E-12 0.43 2357 23E+01| O | OO |O|C|O|C|O|OC| x
# | CADIS(1/4) | 2.00E+08| 9.90E-13 1.06 L1767 50E+001 O | O | O |O | x |O|C|O|O| x
%.ﬁg CADIS(1/2) | 2.00E+08| 1.02E-12 0.07 350100 6BEH+0Z O | O | x | x |O| x| x |O|O| x
FW-CADIS | 2.00E+08| 1.01E-12 0.44 23400 22E+01| O | O | O |O|OC|O|C|O|OC|O
EL 4 00E+08| 5.05E-14 1.86 5073 5TE0O|O|O|O|C|O|C|O| = |0
% CADIS(1/10) | 4.00E+08| 5.1TE-14 1.84 6,939 43E-01J OO | OO |C|O|C|O |0 %
## | CADIS(1/4) | 400E+08| 5.39E-14 4.00 5661 11E0| QO |Q|O|O|x |O|C|O| x| x
%.ﬁg CADIS(1/2) | 4.00E+08| 5.18E-14 0.38 10,051 69E+0O| O | O | O |O|OC|O|C|O|OC|O
FW-CADIS | 400E+08| 5.16E-14 1.53 75100 TE-01 Q| O |O|O|O| x| x|x|O|O
- EL 4 00E+08| 491E-14 237 5073 35E01 x |[O|O|O|OC|O|C|O| % |=x
:’K\ &. | CADIS(1/10) | 4.00E+08| 5.16E-14 1.04 6939 13E400| O | O | % [ x | O | x| x| x | O|O
z‘j T% CADIS(1/4) | 400E+08| 4.94E-14 1.74 5,661 H5B8E-0|C|QC|O|O|OC|O|C|O|C|x
- | % | CADIS(1/2) | 4.00E+08| 5.27E-14 091 10,061 12E+00| O | O | x | x | x | x| x | x |O|O
i FW-CADIS | 400E+08| 5.08E-14 254 75100 21E-01| Q| O | O |O | x |[O|OC|O|O| %
EL 4 00E+08| 5.18E-14 0.19 5073 5BE+0 O | O | O |O|OC|O|C|O| = |O
?E CADIS(1/10) | 4.00E+08| 5.1TE-14 0.29 6,939 L7E+0| O (O |O|O|C|O|C|O|C|O
# | CADIS(1/4) | 400E+08| 5.15E-14 0.46 5661 BAEHOD| O | O = | % | x | % | x | x | OO
%.ﬁg CADIS(1/2) | 4.00E+08| 5.17E-14 0.05 10,061 40E+02| O | O | x | x |O | x| x |O|O|O
FW-CADIS | 400E+08| 5.18E-14 0.24 75100 23E+01| O | O | O |O|O|O|x |O|OC|O
EL 1.00E+08| 1.69E-13 1.96 1.235) 21E+00| O | O |O|O|O|O|C|O|OC|O
% CADIS(1/10) | 4.00E+08| 1.70E-13 112 1891 42E+001 O | O | O |O|O|O| % |O|O| x
# | CADIS(1/4) | 400E+08| 1.83E-13 6.81 3,238 TOE-02)| O | O x| x | x| x| x| x|Ofx
%.ﬁg CADIS(1/2) | 4.00E+08| 1.7T1E-13 051 2107 18E+01 x |O | O |O|O|O|x |OQ|O| x
FW-CADIS | 400E+08| 1.71E-13 0.99 1.828| 56E+00] O | Q| O |O|O| x| x |O|O|O
EL 1.00E+08| 1.69E-13 0.61 1.235) 22E+01| O | O |O|O|O|O|x |O|O| %
| & | CADIS(1/10)| 4.00E+08| 1.72E-13 0.30 1891 59E+01 O | O | O |O|OC|O|C|O|O| x
; T% CADIS(1/4) | 4.00E+08| 1.70E-13 0.77 3,238 52E+00| Q| Q| OO | x |O|OC|O| x| x
48 |3 | CADIS(1/2) | 4.00E+08| 1.71E-13 0.22 2107 9B8E+0 O | O | O |O|OC|O|C|O|OC|O
FW-CADIS | 400E+08| 1.97E-13 12.63 1.828] 30E-02) O | x| x| x| x| x| x|x|Ofx
EL 1.00E+08| 1.71E-13 0.09 1.235) 10E+03| O | O |O|O|O|O|C|O|O| %
?E CADIS(1/10) | 4.00E+08| 1.71E-13 0.14 1891 2VE4021 O | O | O | O | x |O|C | % | x |[O
# | CADIS(1/4) | 400E+08| 1.71E-13 0.26 3,238 4B6EH0L| O | O x | = | x | = | x | x | (O] %
%.ﬁg CADIS(1/2) | 4.00E+08| 1.7T1E-13 0.03 2107 53E+03| QO | O | O |O|O|O|C|O|O| x
FW-CADIS | 400E+08| 1.71E-13 0.09 1.828| 68E+02) O | O |O|O|O|O|x |O|O| x
) BRIED 5 500 m O RREEIC 1T 2 FHRRTR
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Table 5.8 Results of the sensitivity analysis of variance reduction
(®Streaming in the labyrinth structure and skyshine)
i8 M| ey Eh gt _ HEHE| | ETE2E | CPU time 10 statistieal checks
9 i _ | History ) _ FOM
B (A wi 208 [uSv/h] [%] [min] Q9 a8 e 86 0 0 e o0
1L 2.00E+08| 2.48E-13 11.55 15988 OO0E+00| O | = O[O | = [O|O|[O| = | =
g CADIS(1/10) | 2.00E+08| 2.35E-13 0.43 5958 91E+00| O | O |C OO (O |O|[O|O|O
f& | CADIS(1/4) | 2.00E+08| 2.36E-13 0.28 6,159 21E+01| C | O | OO | OO | OO |O ]| =
%&% CADIS(1/2) | 2.00E+08| 2.35E-13 0.24 6.904| 25E+01| C | O | OO | O[O |O|O | OO
FW-CADIS | 2.00E+08| 2.36E-13 0.43 5654 96E+00| CO|O|C|O|O|(O|O[OC|O|O
1L 2.00E+08| 2.78E-13 2749 15988 QOE+00| O | = | = [ = [ = [ = [ = [ = |O| =
H &, | CADIS(1/10)| 2.00E+08| 2.35E-13 0.86 5058| 23E+00| O | O | OO | OO | = |C|O|O
4 T._% CADIS(1/4) | 2.00E+08| 2.39E-13 0.72 6,159 31E+00| O | O | OO | OO | = | OO | O
T = CADIS(1/2) | 2.00E+08| 2.34E-13 0.56 6.904| 46E+QQ| C | O | OO | O[O | O[O |O|OC
FW-CADIS | 2.00E+08| 2.33E-13 1.01 5654 1.7E+00| O | O | OO |O = | =[O0 |O
1 2.00E+08| 2.36E-13 0.74 15988 11E+00l O | O | O[O |O (OO (OO |0
;g CADIS(1/10) | 2.00E+08| 2.36E-13 0.07 5058| 34E+02| O | O | OO | OO | = |C|O| O
# | CADIS(1/4) | 2.00E+08| 2.36E-13 0.06 6,159 45E+02 C | O | OO | O[O | =[O | = | O
g&% CADIS(1/2) | 2.00E+08| 2.36E-13 0.05 6.904| GRE+Q2 O | O | OO | O[O | = (O |O|0C
FW-CADIS | 2.00E+08| 2.36E-13 0.06 5654 49E+02| C O |C|O|O|(O|O[OC|O|O
i1 2.00E+08| 2.57TE-15 9.74 5412 20E-02/ C|OQ|C|O| O[O | O[O |O| =
% CADIS(1/10) | 2.00E+08| 3.37TE-15 1.30 5512 11IE+00| O | O | OO | OO |O|1C|O|O
# | CADIS(1/4) | 2.00E+08| 3.34E-15 1.31 6,742 SBE0 C|O|C|O| O[O |00 | O =
%&g CADIS(1/2) | 2.00E+08| 3.37E-15 128 8322 T3E0 C|OQ|C|OQ|O[O| =[O |OC]| =
FW-CADIS | 2.00E+08| 3.39E-15 1.25 572 1.1IE+00| O | O |C|O|O|[O|O|O|O| =
- i1 2.00E+08| 3.59E-15 12.90 5412 10E02 O | = | QO | = |[O|O|= | O =
;’K‘ &, | CADIS(1/10)| 2.00E+08| 3.47E-15 1.90 5512 GOE-0| C|O|C|O|O|(O|O|(O|O|O
?j T._% CADIS(1/4) | 2.00E+08| 3.41E-15 1.23 6,742 98E-01|C|O|OC|O| O[O |O|O OO
- | % | CADIS(1/2) | 2.00E+08| 3.35E-15 1.00 8322 12E+00| C | Q| OO | O[O |O|O | OO
Ed FW-CADIS | 2.00E+08| 3.37E-15 2.09 5752 40E-01| C|OQ|C|O| O[O | =[O |O|0C
=1 2.00E+08| 3.37E-15 1.51 5412 S1E0| C|O|C|OC|OC|lC|C|C|O|O
g CADIS(1/10) | 2.00E+08| 3.40E-15 0.14 5512 93E+0| O | O | OO | OO | OO | = | O
# | CADIS(1/4) | 2.00E+08| 3.39E-15 0.09 6,742 18E+02 C | O | OO | O[O | O[O |O|0C
%ﬁ% CADIS(1/2) | 2.00E+08| 3.39E-15 0.07 8322 25E+02| C | Q| OO | O[O |O|O OO
FW-CADIS | 2.00E+08| 3. 40E-15 0.10 5752 1.7E+02| C O |C|O|O O |O|O|O| =
=1 1.00E+08| 6. 46E-17 32.81 BA8| 20E-02| O | = OO =[O =[O0 =
% CADIS(1/10)| 2.00E+08| 8.16E-17 1.98 2877 SOEQ| C|O|C|O| = |[O|O[O]| = | =
# | CADIS(1/4) | 2.00E+08| 8.29E-17 1.25 2038 22E+00| C | Q| OO | =[O O[O = | =
%ﬁ% CADIS(1/2) | 2.00E+08| 8.21E-17 1.16 2987 25EH00| C O |CQ|O|O|[O|O|[O|O| =
FW-CADIS | 2.00E+08| 8.09E-17 1.09 2954 29E+00| CO | O | OO |O|[O|O|[O|O| =
=1 1.00E+08| 6.83E-17 6.98 A8l BTE-01| O | = |[O|O | = [ === |0 =
# | & | CADIS(1/10)| 2.00E+08| 8.50E-17 1.72 2877 12E+Q0| C | O | OO | O[O | O[O | O] =
:T: Eﬁ CADIS(1/4) | 2.00E+08| 8.2TE-17 081 2038 BR2E+0Q| O | O | OO | O[O |O|O OO
e £ | CADIS(1/2) | 2.00E+08| 8.35E-17 1.37 2987 18EH00| O[O | QO =[O0 = |=|O
FW-CADIS | 2.00E+08| 8.11E-17 084 2054 48E+00| O | O | OO | OO | OO |O| =
=1 1.00E+08| 8.2TE-17 3.00 B38| 20E+00| C | O | O[O | O ® | % |O|O| =
?,% CADIS(1/10)| 2.00E+08| 8.23E-17 0.16 2877 14E+02| Q| O | = | = O = | = [C|O|O
# | CADIS(1/4) | 2.00E+08| 8.25E-17 0.10 2038 B4E+02 C | Q| OO | OO |O|O OO
%ﬁ% CADIS(1/2) | 2.00E+08| 8.24E-17 0.11 2987 28E+02| C | O |C|O|O|[OC|O|[O|O| =
FW-CADIS | 2.00E+08| 8.25E-17 0.11 2054 28E+02) O | O | OO | OO | = |C|O|O
) BRIESND 500 m O REEEIC IS 1T B EH AR
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ENREETHD, 3EL LT, BEA MY KK L TREITERSNER L TWDZ &%
MEREL O THERTH-O0EZ X 5.4 17T, ZOHE, B2 U —HH8 2x108 L4
kRiZe s &, +/hEL oL HERAZEDOFFN THHMERS —E L TE Y | TR RN
N LTW5 & RRE5,
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Fig. 5.4 Example of a diagram for confirming the convergence of analysis results
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Fig. 5.5 Trends in neutron analysis results versus history

(the surface at the center of a side)
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Fig. 5.6 Trends in neutron analysis results versus history

(1m away from the surface at the center of a side)
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Fig. 5.9 Trends in neutron analysis results versus history

(the radial surface of the lid)
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Fig. 5.10 Trends in neutron analysis results versus history

(Im away from the radial surface of the lid)
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(the bottom surface)
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Fig. 5.12 Trends in neutron analysis results versus history

(1m away from the bottom surface)
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Table 5.9 Validation items, validation contents and points to note (reliability of the analysis results)
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