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2. B4 &

The objective of this project is to assist the regulatory body in strengthening the
technical review capabilities in order to scrutinize the safety analysis report of the
indoor dry storage system of spent nuclear fuels in detail. This subproject focuses on
various aspects of radiation shielding and dose assessment in related facilities. The
working items of the subproject are listed as follows. (1) Review the various designs
of dry storage facilities around the world and methodologies used in radiation safety
analysis. (2) Examine the calculation methods in the Ilatest version of
SCALE/MAVRIC, which is based on the state-of-the-art CADIS variance reduction
and continuous-energy cross sections. (3) Taking the dry storage facility in NPP2 as
an example, perform comprehensive code comparison and benchmark. (4) Investigate
the characteristics of radiation field around hypothetical and simplified facilities. For
both indoor and outdoor dry storage facilities, the assessment confirmed that both
facilities could meet the regulatory dose requirements with proper designs in radiation
shielding. The result and experience obtained in this study can provide the regulatory

body with a solid basis in reviewing the radiation safety analysis of related facilities.
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BERS RFNGRHBFEFFERT BT XSO H(

Ede
THEIFLE)RRIF OCERIHF AP 0P REIOD SR S E R

£ 4 0 HISSTAR ~ p »~ RFS 4 * 345 2 CASTOR % Gt %] o 7 fo 3¢
Fafz Rt e Bk AR R A2 £ 3HF BHERY i R R
Pk gt Bk o FEEY LML R AGEN S 2Bk ER
REEPEMEE FREZERA(Y 40 20)T o E LS ELEAG 2B D
F2 R RS G 0 FIEBERRE 2K R R 1 HER R
Wi g MR R T T E 2 MR R lWAR 0 P A RFS k%2 &
o702 CASTOR & 35 % pH o = 34 R4 2 17 3k3% o @ HI-STAR 38R &L
#* fr 3 HI-STORM 2. Multi-Purpose Canister (MPC) % 54 it % 4w F %> &
BRlebe £ (Overpack)z £ 7 BY > W EH R D E2 R E S

304L/316L i 7|7 sk - & BEBTREFF - X Ffoo ZF2 A 0 3

,
g
Ar'S
=3
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o
-anl
¥

FAL A AR G ARG F A RIRAL R TG LR
S R R AR L LA T EES RS e

o

FiRlE R § ] S R eff

IV-14



FEIEEEBFER ART RHET ek B R AT R A RT F N

L REIER AR RHBFEARRIER EFTF A0 T A

Hia## 23sFREANL 15 o8 21

Fe
@ F AR o dofi— INER-HPS k%t 2 & 5 &€ K E 0.05 mSvly

4 NAC-UMS éﬁﬁml fedhde Bgra o iR EHE R Y 0811 =

4

S - EERT S HE Y L SR Ry o

e PR RS RN

N
S
fagd
;‘é"
-»«»

g 4R

w

PR

i
o
.b

N
~

P R B RGOS 54578 2t 24 - ddp v BEE 28
2 BHcE B (TS G AR 2 Y
3 MAIEHB AR EHZ I BA DR T A G ZREIHEHP NPT F L

Fe s aie 2 p R

B 5.1-5 ~ % - Fuicpr2 INER-HPS i 4[1]
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e
FICOEE 1.1.1; HI-STORN 100 OVERPACK VITH MPC PARTI

ik Ebalt i PR

BEVSICN PROLECTE S EE

FERRUARY 13,30

] 5.1-6 ~ Holtec = & HI-STORM100 % $4[15]

TEUANTONS
(FOT VISIELE}

Bl 5.1-8 ~ Holtec = # #1 HI-STAR100 £ % 45 [16]
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@ 5.1-9 ~ p & Mutsu Recycle Fuel Storage Center iz 3% =15 % 52[18]

e e e e~ —priae i 1B
s Hihal T
' Ta 5200 S T TR

] 5.1-10 ~ 4&. ® CASTOR i Sifet 3k 3+ 7 3 [18]
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% B.1-1~ & NGgRF ez @ HHF BEHIL

il S

INER-HPS | HI-STORM | NUHOMS HI-STAR HITACHI CASTOR
# 3l P S Y ik E e S
%k$ FE(4) 56 68 61 68 69 52
Bl ;‘ (kW) 14 28.74 22 28.2 19 34
¢ 3 F B HE(m) 1.703 1.736 1.708 1.736 ~2.6 2.77
¢ 37 BB &(M) 4.835 4.838 4.979 4.838 £ 4 578
#4858 (m) 5.6 6.08 5.64 5.159
® 37 &5 A (M) ~0.0157(0.5”) o4 0478
B 5 2 (m) ~1.0 0.358
T3ta R 304/316 7 4% 4 T B 4548 /45 4% [20]
A RATHRES ] ESER]
B3 P a8 2 £
) sk £ ()4 T
B3R ERE 4% ik /g i
P Em S % 448 A
VEALRTE G R F R YREF BRI F 0.8lbar 4 # | 0.5bar §
S EP 5 AE N/A 6.0 bar % # 4.0bar 3 #
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513 & N HCRTR % B kR

Pk BAS AT A~ G a5 (Steel structure building) ~ 4% 5% % 5%

4 K¢ > (Reinforced concrete building) ~ # B 3% % (g ) F = fho & & ;;z,_i; 2

»

73‘1—:'? Ff#gﬁigﬂ"%;?%ﬁ}ﬂ, » ¥ 3 3R = & F?'ffﬂ%\ 51-2 ﬁ%;iﬁm?#i;%_%{
E ‘*IE)‘LE—’f\?: °

S tER 5 B o # W Sizewell B § fien3 ] 5pF% %64 * > 4o 5.1-11 #¢
7 0 B3 HI-STORM R 58 3 348 » 3% % K& L5 60 £ » 3130 2020 &
g B D 2080 EA M B R R AT IEZ BT B REC PRI T L FER
W[19] > w s F £ 5 150 Bafde > BB F R0 Rl S AR S 2K £
TN AE S B P BN RE AR ERAHE A RS ER LRSS

2

2% kT o @ { #FHwenSizewell B TR R FRE L4 0 FIF R AR % &

BB R4 MR SE P G R AR RS AR S 5
14 2> = \ffo?@"‘y{ r’g( L‘é,‘—’]t]%‘)“") 2 20% oigg vy e =% Al4eE 5.1-11

SR MR AR S 2 RINE RN T b B R TR GE R SRy B P RS

FAMIFED LK PR F U R R 2 d T H RS R
PETAYRABEEG  REF i BARBHEN R c FEP R R E2
Sizewell B 4t 5 2 3K3 > ¥ #F RS RS AL HITITR B LB R AP EET
R ERFLLZIAFRCHERLA G Z P R HEPF R EF MR A
Bk x GRMZHAERS RO AP TEREF o PFLL G RELER S

o e
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B 5.1-11 - # B SIZE WELL E’i}%ﬁiéﬁﬁ;&i ?ffi %

B RRE AT R LY PR s 53 45 R RS Ry o 4B 5.1-12 0 48
Bz STEAG 2 WTI~ p &2 RFS % j7j HABOG ‘% >t 4 » s 55K %
BRGI22% 3 1422 STEAG BE B> A WTI 2 p A% 5 5 R %
P T H AU E R R X T EERET R AERI LB A FHE oA
HABOG 5 B Bk * & BlpFi5 2 2 55 S HF RRAERF L B33 ekt &
WAHGPFERERE 2§ & T p AR KRB EH A A F0 28 fuog

B PRI IR kSRR FR R HR > XN e Kigtt[20]

G SRR R s R s FIY B s F o AARWF BB ESD
PFIARFEC NEDRFTT S A o PR FRF T ad WTI a0
18m + g e 3 4ol HABOG 61140 2 % o 3 F il if 2+ | » 3 AR # 2 &
53 - 228 R F A E BB I A AR S e RRAA
W2 B s kA AR E R H s F U2 R p v A TR
F[21WTI 22 STEAG % %3 § F 2 & [ B 20~ FH RS I F v in g

FEEE 18O A - B ZF(M)L & Lo

A S5REES Bu s Ry 0 Aol 5.1-12 Ao o w B4R LIRS RS PR RS
FIREFRLFUF Y T LG HERF MM RFIIEA L
Food BARMEFBE AR AR A RUT (o BRAAB)Z R G TR

HREHAE o B F vl POV Bl D RN ERTEINNT 2% e
p

IV-20



- fh o B R A SRS 2RI A o 2L

LRGN
¥ (Neckarwestheim) » P £_& A >3
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(H) $80mx (BIiTE) H130mx= (KX) 3 0m (3. 000 FHEONE)

Bl 5.1-12 ~ & W4k 55 R 522 By 5 (@) B STEAG ~ (D)4 ® WTI ~ (c) P » RFS »
(d)i= % HABOG

. Tunnel-Concept

Exhaust air building H—

Tunnel 1

Tunnel 2
Connection tunnel
Exhaust air sturcture
Escape structure

Tunnel length: ca. 90 m and 82 m Capacity: ca. 151 casks
Tunnel widht: ca. 14m
Tunnel hight: ca. 18 m

B 5.1-13 ~ LB = F-FEEVIUE N F NGRS () RIARE ~ ()2 AR B
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%512~ LG FNCRTRS B AURAR M 2 K TR

SIZEWELLB | & ® STEAG | 4t & WTI p ~ RFS = W HABOG [28] | 4& B Neckarwestheim
# 3 & HERL > &S5RG R s PUE
s FE 150 [19] ~100 ~152 500 - ~200
RIE R <0.002 1.3 0.55 1.0 1.7 N/A
(ECYEN; <0.002 1.2 0.7 1.5 1.7 N/A
KW B R ~22 23 18 28 40 51
5B A ~14 14 15 15 12 18.8
MR UK - Uk i 5 GATE
F TR A 2T EOl A2F N i
I F B BRI
¥4 5(= N/A 20/h[21] - - -
PR g5 ot - 800W/m? - - N/A
No dRE A &
U ERE G P A e -
v R & (°C) N/A 29 - 27 27
v B R (°C) N/A - - 56 -
R 5 R (°C) N/A 35 - -

*H ¢ HABOG #4443 # 3 4 (V-HPW 2 % %3 vt m )
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5.1.4 T3 45 449 B 2 2L A

ﬂ\?fﬂi%—r%& |40 B % inz‘)f\?fi?/z%ﬁpm‘? FoEMF AT NG RS
Bl E P AN RF OSSR R 2 U R A AR B R R E

v

\Xr

4+ £ 10 CFR Part20 2 72 2. #p| > #3563 % &8 L3725 0.25
mSvlye 3 MickridEfa o 2 X HF R AL LE £ 4 5.1-3 L R HEH A
B E SR KR R 2 - B RS R BN 1 TERE
e Fass 3 ks RA B2 it 4 R R RRPRE- o™ ik

& PUCRTRT An B g SR B & fenffe -

A RAR B E 3T RN st AR S RUR RS 2 B R E % > F AR [22]
$ I 05 IR 2 JE AR B

o~

RHEFH S - e opig Az BAES
WAL AR T ETA T PELBEFERR o IR RS B
B E o §F R XA F LRI AR IR UL e HEF P2
INER-HPS 3§ > &8 % 2 247484 7 § 1T 24504 INER-HPS sk fiin & &
EE R N ] i\‘im 14 KW dgg 3t AL sl is > H Ti5H|§ 52 ¥ § 8 F 72

B A F RN T 354 g A E S <3.0mSv/h~ BiEE Rl TIEHE 5 <

40mSv/h ~ R4 Rz THE X <05mSvh~ Rt iz sl
2o 2 TR EF <1mSvh 2 REIERTEE L0 2 THEHEF <05

mSv/h -

R ARBE Y S PEET R 22 7 0 R+ a2 (Atomic Energy Act)
ig &+ 1 3£ 1% | (Radiation Protection Ordiance)# 2 % 2 ¥ p|(Safety Guidelines for

Dry Cask Storage of Spent Fuel and Heat-generating Waste) = £ ¢ » §7 3% p7 7% 3

};
@\

¥ FET o R B A facility's perimeter fence) ¥t - i 2 Forid S ehd| £

F_*
3

B LI mSvly (* B G RRE ARSI EREFEN ¥ - F 63
*>% 4

2 H 4136 0 P B/ & * 2 CASTORV/19 2 CASTORV/52 § T g »

§)[23] « 4+ F Bxt 2017 & B e TR DR BP REE N ST

=\
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BFEN LR B EREFL2mSv/ el A G 2 0 RS HE XL 01
mSvh> 3 R Ed 26 1 2% S X HE 5 10mSv/h o @ prig 4 &iF

ok B PR < A E F 5 0.45mSv/h[14] -

IR T A e R L ENIRE R S 23 g e
e A RO R UG R -] > SMSVIy~ 43 % 1 Trat 78 2 A2 U JF -] > 0.5mSv/yr
FAMPNE S FRrLpprafid €(hF 4 RFILR £)REFL[14]: * B R
TSR R R A KA AE 2 APM AR R R EHEH TS
PP LGS RRFR A LR DL (RRB G A
BHE P LRA XTI PEE R E L 2 ) F[24] 5 P R R 2t iE
PN ERFETER  RI X DF AR AT F AL DB AAMAE D (B8
B FIRGE R L RR 2 BERR) - £BE A S HHAE S
o] *t 2mSvin s BEgE 8 1 2 < e R s R 58] 3 0.1mSv/h[25][26] 0 i %
TERR B P FRE O EFRRRT AL B L G AL ETRE o v ke
B2 AT ESHEY PR HE R A2 B BRI X s AR B

% M350 uSvly2 H2H 2 B3 B 22 » B2 K H o

72 > > TTransport- und Lagerbehalter fiir die Zwischenlagerung | 3 2 % 3%
RG5> 49 &P 2 > HEPF*2FFH TS * L RFTHENUT
FHEREEEFEREH 2 0 TAEHMEF24LEFE01ImSvhHii s T8

FHE 52 A&LEIOmMSv/h ~ FE 44 6 T2 E F 7 &L 0.5 mSv/h[27] -
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% 5.1-3 - ﬁ]“ S PT R Bt iy

A e WX

BERHELE

M 4 BI[11] [14] [23 P & [14] [25][26 127
B¥- INER-HPS[1] [22] | 10 CFR71.47 & 72.104 &L [14] [23] [14] [25][26] %2 [27]
1% 346 F 830 2 & | £-4 933 45 94 liBFEEH 4w &= FHBEAEpT A Y | B EERT S

w & E X< 3.0mSv/h -
2.1 3% 2k 40 ] BE 2 A

1.# ¥ 7% % (package) %
F<10mSv/h -

o A&

BE&E X 5 2mSv/h -
2MBEFEH2 2 Ak

Hgh 2] e

14 Bk 404 o 15 4

H S ESEE I
1LEEHE 4 2 =

r T =
S ER

£ %<4.0mSv/h - 2.1 % 3k 44 (vehicle) & | ~ & F 5 0.1mSv/h | & & F<2mSv/h - 2L § 5<0.1mSv/h -
3R ERPIEL |6 AEF<2mSv/he |35 R E R FER | 25EREBER L O | 23R4 0 TR EA
§¢ PTHE $ 4P f;"Jfﬁ F<0.5mSv/h - 3.%ﬁ?§ﬁéiéé(vehicle) FZm 1l 2R s HE FEEHHE F< 01| £F<10mSv/h -
MBE N E | 4082 Ff%faj,q« A SR FEFE S | 2 10mSv/h mSv/h - JEpEw LIaHE
e A G2 AE F<] é?lli’t—? <0.1 mSv/h - 473 4 B R #*<0.5mSv/h -
mSv/h o 4 ¥R FERPMGE AFRSHEFG
SR EMTEEL | A £ F < 002)045mSvh
B2 J% F < 05| mSv/h -
mSv/h o
o is
0.25 mSvly 0.25 mSvly 1 mSvly 0.05 mSvly n/a
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52 FATE R e G 4B JER 2441 B 5 2
AT R

k3 F AR M B A 473 8 2 5% £ B NUREG-1536[30]2 NUREG1567[31]

“ti£3%2 MCNP 2 SCALE f25%« f # & B %} feRren Tl & & A% G 455

B2 RFEE 2 AAEN LE REBT RS L G w AL Sk

oo

* 42 SCALE/MAVRIC %2 ADVANTG/MCNP % = 3|5 & B jirfz ;¢

4 47 HGIF o 4 5.2-1 35 > NUREG-1536 # #7iE 32 ¥ 3§ * *M 55N B7 g 4 5

SiRIE A B AT 2 4250 o M4 5.2-2 710 NUREG-1567 ¢ #7#& 2 4% NRC 3% %

PN S VNV
T 5§05V BT

v

FREARM BIRIE E B s i AR e BAARL Y S E G E

4T R AR A 452 4278 © MCNP % SCALE #2;5% FAdsE >t ik d g4 ¢

T ILARRS T S Y

WE 2 AT O E P AR T 2 0 5 A e o

4 5.2-1+ NUREG-1536 47 £ i k2 * B P15 WL SHRIT 2 B i A 47425 [30]

iy A 1p B it
MicroSkyshine air-scattering computer code.
MORSE Monte Carlo multigroup three-dimensional neutron and gamma
transport computer code.
Monte Carlo multigroup three-dimensional neutron and gamma
MCBEND transport computer code similar to MORSE developed by the
United Kingdom (UK) National Radiation Protection Board
(NRPB).
MCNP Monte Carlo n-particle transport computer code maintained by Los
Alamos National Laboratory (LANL).
three-dimensional point kernel gamma transport shielding computer
RANKERN -
code similar to QAD-CGGP.
a modular computer code system for performing standardized
SCALE computer analyses for licensing evaluation maintained for the NRC
by ORNL.
SKYSHINE-II air-scattering computer code.
computer code for calculation of attenuation of a gamma flux
STREAMING _ : N :
incident on a variety of shielding penetrations, such as ducts and

v-27




voids.

# 5.2-2 ~ NUREG-1567 4f 2 ¢ 23k 2 * @1+ YR 84iRIE 2 B jir & 17425 [31]

23 LR AP B At
ANISN one-dimensional neutron attenuation code, RSIC CCC-J14 Micro.

MicroSkyshine

air-scattering computer code.

Monte Carlo multigroup three-dimensional neutron and gamma

MORSE
transport computer code.
Monte Carlo multigroup three-dimensional neutron and gamma
MCBEND transport computer code similar to MORSE developed by the
United Kingdom (UK) National Radiation Protection Board
(NRPB).
three-dimensional point kernel gamma transport shielding computer
QAD-CGGP
code.
three-dimensional point kernel gamma transport shielding computer
RANKERN .
code similar to QAD-CGGP.
a suite of linked computer codes used for calculating the
MARC-1 radiological effects of releases of radionuclides to the environment

developed by the UK NRPB.

LINGAP and HMARC

modules of MARC-1 used to calculate the effects of an atmospheric
release.

SKYSHINE-II air-scattering computer code, NUREG/CR-0781.
code for calculation of attenuation of a gamma flux incident on a
STREAMING . - . .
variety of shielding penetrations, such as ducts and voids.
three- and two-dimensional discrete-ordinate neutron/photon
TORT\DORT
transport codes (ORNL-6268).
one- and two-dimensional multigroup discrete-ordinate transport
ONEDANT/TWODANT
codes(LANL LA-9184-M, Rev)(LANL LA-10049-M Rev).
MCNP Monte Carlo n-particle transport computer code maintained by Los
Alamos National Laboratory (LANL).
a modular computer code system for performing standardized
SCALE computer analyses for licensing evaluation maintained for the NRC

by ORNL.
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g ot B0 202 ahf it > A3 518 E WA B RS % % (Oak Ridge
National Laboratory » ™ = @ # ORNL)*" 2017 & 02 * 3 % h& 7% &
SCALE/MAVRIC #25% > 3% 4858 0622 %A 5 A A @ P F 0 2 18% g5 B

ZaFr FRRBB P VL BRI FERER G LTV FIFRT B E D

FE > ¢ F FEBAEFZFRTERES G AP FELE R G B2 AR
e FAEA Y FE% A ada B8 G 5 2 BT e 70 R

TR 75 8% o B2 AREREHRIE A > RN 7 1 1 A B 2 SR
(4 C0-60~Cs-137) 2 A % ¥t £ # & & 2 HF Az P~f% 2 B 4L - & Monaco * i it
EPFHNEL 2 g R P EEY AL F - RIIET T R ES

HERZB% wTi g LEFFEMBR[S]

SCALE v-6.2 crifg &8 #5355 2 0%k > M Pi- B ¥ - Hic R r R
MAGNASTOR Rt 4 T4 6 & E A 178851 0 st @ B anz Atk

78 > el e 3 (fission neutron » FN) ~ 4Lk 3 (fission gamma @ FG) ~ éﬁé%—?

(hardware gamma » HG) » $tEEgE 4 6 1 24 Fud & 2 &) & Tﬁf)‘ .
> I BRI T A AT

1. MAVRIC 45 * %3 £ 4 5 (QIN19G) (T 4 4 o B35 > %@ L

L

2. ALY ' K& B G#icikII2 MCNP -~ MAVRIC # % § 3fcd it £
# 5 - ADVANTG/MCNP fg5% ie38 43 4 6 A B3+ 5 % > 4531 - B

ik ie* £, ¢ K3 CADIS 1235 e 438 45 4258 1+ MCNP A2.5% 2 i

Pz Rk k4 B gt B Al > 1 NAC-MAGNASTOR ik 4a & & 3] - ¢

SR BECRPR] P E SR LAIRREE  M521 2 U PA L

Bl 5-860=2% 25432 2 FHatl > D7 PEL 505300 1 3 kit T



i 34 B (Canister)fe £ § ptdh M ARE R G I B FrermR 52 oF Be B R 30
2P P R R A e S R b s R (UEF) s 2§ % (Plenum)
$ itk % (Effective Fuel) ~ T =3 R 5 (LEF) » H AR SRR 28 5 0 12 2 9 % e
B o SHROE S 87 A B B E AP TR 2 AR P
e BWR * i 7 5 ol ol i 2 e & Sodic 2 BB iE 2 5 B 7242 R 34,000
MWWM“ﬁE*?@QOE#Umi?%iﬁkﬁgZMW%o%@ﬁ;%ﬂ
SEROE 2 G e AT E R B 2 AR A[2] H AL 521 E > HH2 &

522 & feiEaq -

Air outlet
(554-563 ¢m)

[ Upper End Fitting (468-487 cm)
Bplenum (440-468 cm)
BEftective Fuel (59-440 ¢cm)
BLower End Fitting (40-59 cm)
B Canister

B Carbon Steel + Boral

B Carbon Steel

[ Concrete

B Concrete + Rebar

e Ar inlet
(0-12 em)

Bl 5.2-1 - MAGNASTOR A jr i3] 7 & Bl
521 %% MAVRIC A Vv6.1 2 v62 g% s #H e m 25 L8

Bl R NT TR T 0 Y BAR S o ) HORK RE SR A 0 1 V6L
2 v6.2 7 MAVRIC % %] it+:= MAGNASTOR # 4 4 & &£ 445 > % & *
FW-CADIS 323 » #Agstih Tk ka4 o 2| R FE - R 5 JCGEHP T
A A B o % BT P2 R G B £ F R AR
7 o A KA Denovo Sk T F L F B0 w2z P E PR ek 52-3 07 o

MBS TLATHR & V6.2 Bgt % b I 4R enfe B Bl % 2k 2 (SN)3H B AT B PpE R
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W5 Vel dh- Lo P Ay Hl RIS B T 0 FH B2 (MC) B BER

PORER D o i R F] 5 V6.2 ¢ AT "macromaterial” Sdcik T fil (7 A T A
Emz AR PSR Fon SRk ETE{ ok
z

B hEa R PR R G HE L LB T -

%524 ZHEHA G FEIHRBALE 0 L5 RFRTERS BE 0 LR T

ELERRE-TEE > FAA503 440 202 BT o2l w23 A
TR LG 92 A2 [l T L G e E TE E F 2 - MAVRIC £ v6.1

2 V6.2 et B R IR EHRGHES > - kI A S 2 RIERE S AL E
BHEI A2 EMAE LA E R A XTI HRFOENTREIL LA
<5 5% HeRG o 2% ERTEINHFEAAET R RS R E 208
HHEELZ PR DHET Bz iﬁa%} Bl 5.2-2 2 ] 5.2-3 = MAGNASTOR £ 4§
E RIS Y T REEY FA RS -a-},j-,};j"(?‘}*k’m X+ HELZZH
SEREF R e AR A HAY FRAERFI Y - RDBELTF AR

o mIHMFL I FRALHIALE  HEE PG - KDL FARY .

# 5.2-3 ~ MAGNASTOR :£ fi & jir & 5] MAVRIC TERERF R

Source Forward Sy | Adjoint Sy | Total Sy MC Total
(min) (min) (min) (hr) (hr)
FN 72.19 45.50 119.08 2420 | 26.18

MAVRIC
FG 12.65 11.30 25.34 25.57 25.99

v6.1 MG
HG 11.33 11.52 24.41 25.60 | 26.01
FN 30.92 20.70 51.62 15.70 | 16.56

MAVRIC
FG 6.56 6.80 13.36 12.70 | 12.92

v6.2 MG
HG 5.63 6.76 12.39 12.80 | 13.01
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# 5.2-4 ~ MAGNASTOR # % & % ¥ i & 34 MAVRIC & %

MAVRIC-v6.1 MG MAVRIC-v6.2 MG

Source | Radiation DR Error | FOM DR Error | FOM | Dose
(mSv/h) | (%) | (min) | (mSwv/h) | (%) | (/min) | Ratio
Siden | 1.80x10° | 0.65 16 1.82x10° | 1.54 | 4.49 | 1.01
Topn | 2.65x10* | 460 | 0.33 | 2.61x10* | 4.62 | 050 | 0.98

FN
Sidey | 2.81x10% | 0.72 13 2.85x10* | 239 | 1.86 | 1.01
Top y 2.25x10% | 1.60 | 2.70 | 2.24x10* | 4.80 | 0.46 | 1.00
Side 7.22x10° | 0.12 | 463 | 7.32x10° | 0.15 | 549 | 1.01

FG
Top v 2.68x10* | 583 | 0.19 | 2.79x10* | 6.04 | 0.358 | 1.04
Sidey | 1.56x10° | 0.12 | 429 | 1.57x10° | 0.16 | 506 | 1.01

HG
Top v 4.89x10% | 1.88 | 1.84 | 4.63x10™ | 211 | 292 | 0.95

3= : DR:doserate & £ & o FOM:3- & »c £ i 4 1% » Hoig 4% § safodxdr
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107 A | (v6.2 MG) ]
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3 3 % 10°4
% E
= 3 o
g g 10
% 14
1 3 10°]
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B15.2-3~ MAGNASTOR 447208 4 o (2)¥ 3 (L)% F M EL F >
(MAVRICV6.1 MG vs. v6.2 MG)

522 ~ 45 MCNP~MAVRIC & * % #@ @ 5w 8 5 &2 ADVANTG/MCNP z 3+

Ble DT AR T Y AR P DS P A MK T E SR & 1 MCNP
MAVRIC-v6.2 2 ADVANTG/MCNP % & i¥4: = MAGNASTOR £ 45 % o # & »
17> MCNP 5 A2 * " MR RSB 2ZANTFRE B @178 B
FW-CADIS 22#% - MAVRIC #2;% & $8c'¢ >t - & 2. v6.2 MG %] WA
Monaco 5 ¥ + BB f - E e sl rad fa £ 15% £5 (743 » ADVANTG F
#2 Denovo #2338 T Syt o LR RE £ & H BB E B &4 MCNP &
NEFRF Ry B Ve B E R G e T HE o ARSN

PR ER O ded 52-5 977 0 2 ¢ MAVRIC MG % b3 4-% 4 5.2-3 - MCNP
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A it (tieiE o sk 5t ADVANTG/MCNP % 6] » 324 = b4k 2 w25 5
B % 26 /) PF o & Syt E + MAVRIC CE % b 35+ & #7if MG % o » f $§ ¢h

FBE7 B SN 5 Syt B A4 e I ADVANTG s- XL o

L4 1§ 0 #3148 MCNP ~ MAVRIC-v6.1 (MG) ~ 2 ADVANTG/MCNP =
A N AR R R R E S R[29] o B iR A S gTRTE 4 S
> H ¢t MAVRIC 3 * 5 # i £ £ 6 &2 ADVANTG/MCNP # * & 5 it £
Fo 2 A8 FEREe REFAES AP 3RS > MAVRIC ¢ iXf
ek AR ARELRE R EF T TR AL AL SR o L
k32 RS SRS 0 MAVRIC ¢ 3 %5 8 Rl min % E
WA m 2 AEAF > MAVRIC tfplifz @ 3 &2 9 5 ADVANTG/MCNP & % 2
05 % FAfac@ s LR 2 RFIGL S HIT*£a0 &7+ p Bjxm 827
KHenig &0 J5d & 82358 %% MAVRIC CE % 67 & R % - MAVRIC

ARz kS FHE A F Gk 53 ADVANTG/MCNP 2 % % -

# 5.2-6 3 MCNP ~- MAVRIC CE &2 ADVANTG/MCNP A% o Rt e

% ot 4 5.2-4 22 MAVRIC-v6.2 MG £ # 5.2-6 22 MAVRIC-6.2CE > ¢t % %
B A Monaco Az * 2 1T 5 § LB HREF A SEFELL FIAS
i MAVRIC-v6.1(MG)22 ADVANTG/MCNP(CE)F § » * % ¥ & 2 3% i il f
k3 HEABEARF - £ 5267 > ¢ FERIE > H MCNP AN A Y g w2
PHR R MR BEPIT AR R ¢ G VPRI B
P T 5 4e3fdp > 22 ADVANTG/MCNP 3+ 8 % % 4 - 3 - ADVANTG/MCNP
Fls* 1 FW-CADIS % » ikt H 25 93 Bit » Fol L s ?d F A2
A > FOM &gt 97 % - MAVRIC CE F # /& * FW-CADIS 1% » ¥ 5 * i

R RETEG o MONP S 6] ko k3 g obm g § i > - 2

F_L

Y IHEEE P REGRL LB & MAVRIC Bt £ ek 430

ADVANTG/MCNP ; it & g i€ 2_ 24l sk 5 B4ihsE » E MCNP 475 (538 26 /| pFen
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® 2 B HR S SRR Bl &

BB kT RELTEA T BRI SR L AL B AR
& 2. % % - MACRIC &2 ADVANTG/MCNP % 3 »xec & pt & b o Tk =

B E T A S e EFAH - K2 HE %2 Y ADVANTG/MCNP

Bt kb ig A2 R R MAVRIC -

Bl 524 & 525 Lk e? 3ok HIFAF b MCNP -
MAVRICV6.2 MG ~ v6.2 CE ~ 22 ADVANTG/MCNP 2_ % % » # ¢ MCNP %% 2
Bt AR s D AR E g rA B FIUOE RS 2 BRI MR R G I

FERRRE S Vb= B* CADISIHGZ (0|8 % v 7 Rt 5% > & M4

“7%

=N

HEF AT ARF AP > $F N[ E_CE &2 ADVANTG/MCNP %% &3 - &R+ &
E%K!}?vié‘%&’ﬁ%é/*iﬂ’fﬁﬂi%ﬂ; 4 J’h‘} EFREFZ2 TR %'3‘:"3‘ p?i‘]’{fﬁ? ?"
Bl o B2l jiid %t gk s ;}_4 AL F Fe R Mng'&Ipxﬁ‘ﬂé 3 #E L F > CE

FAFN BT AR S, MY L MBI AT HE AT > MG

% 5.2-5~ MAGNASTOR 3 8 & jir 3% b4 i A 477 2 3 R R

Source Forward SN | Adjoint SN | Total SN MC Total
(min) (min) (min) (hr) (hr)

FN n/a n/a n/a 26.00 | 26.00
MCNP FG n/a n/a n/a 26.00 | 26.00
HG n/a n/a n/a 26.00 | 26.00
FN 30.89 21.04 51.93 15.20 | 16.07

MAVRIC
FG 6.73 6.77 13.50 11.80 | 12.02

V6.2 CE
HG 5.74 6.78 12.52 11.40 | 11.61
ADVANTG FN 64.46 48.49 115.55 24.09 | 26.02
+ FG 11.68 14.59 27.62 25,55 | 26.01
MCNP HG 10.21 14.49 25.95 25.59 | 26.02

3£t - MC: Monte Carlo % ¥ + % Hi#t -
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7 5.2-6 ~ MAGNASTOR # 45 % & & ¥ f & £3-4 MCNP » MAVRIC &2 ADVANTG/MCNP & %

MCNP MAVRIC v6.2 CE ADVANTG/MCNP
Source | Radiation Dose Rate Error FOM Dose Rate Error FOM Dose Rate Error FOM
(mSv/h) (%) (/min) (mSv/h) (%) (/min) (mSv/h) (%) (/min)
Siden | 3.33x10° 7.72 0.11 2.58x107° 1.93 2.94 3.53x10° 0.52 24
Topn 1.45x10* | 19.84 0.02 1.82x10™ 5.40 0.38 1.91x10™ 2.16 1.37
FN
Side 3.20x10™ 0.60 18 2.65x10™ 2.47 1.79 3.22x10™ 0.64 16
Top 2.09x10* 4.07 0.39 1.73x10™ 4.25 0.61 2.03x10* 1.96 1.67
Side - - - 5.03x107° 0.20 339 4.99x107° 0.10 641
FG
Top - - - 2.09x10% 9.32 0.16 2.13x10™ 4.29 0.35
Side 3.68x10° | 78.23 0.001 | 8.92x10° 0.23 280 8.78x10°° 0.11 529
HG
Top 2.50x10* | 47.03 0.003 | 3.64x10* 7.79 0.24 3.50x10* 0.99 6.54

IV-38



53. EPRHB X icPFL 5 A oL RS

* &4 * 3751 :8 71 SCALE v6.2.2 MAVRIC #3745 & 42 3% 18 {7 57 5% P73 3K %

&

HRAAETER > BEAITAZIAH o F A 0 kR EL &Nk T
WAL M ARt s R Y 2xX4 R BB LR
FER R ROE N R A S R R R R B AT AT P AT RT
3 E IRk > - 4k 858 2k % (Reinforced concrete building)#2 ¥ - ‘«1»‘{[]#’}#
Jiw % (Steel structure building) » & &7 /R 32 2 (a4 BT B 2 K% o FERR
HEFEIERL R RS HEPNEFR SR - EFRAES T @

1

Rl
s

PHEF v R LR ENFCECMFRLANFHE N T RRRIERE R
PP RAIERM R BER AT R A ERE A SRRI S P
FoOHZMAANFG RS TR AP E T EHPFTRP RS PN R

HEEE AR LD R BHTRE RSt AR Rl S R SRR

AAFTH % PERAGEET FADA T AR FE P FE AT h IR E AR
LR KL
531/"/}{5—L \'—'E’Fﬂb%$}§l\'—'§’fﬂ¥%% T2 3 J:‘E *%Lbﬁ*

2 SCALE v6.2.2 #2;% & 2. | mavric.isfsi.inp F 3 A # A > #-H i3 is

v xs

5 B B SRS RO AR o 1 2x4 i (8 Bk H) > BT 272 2

PR 136 2 2 &2 ARE P AR TR 34 2 % o A Y gt

o

ZrEEGIL TR B - g s R gk ffric TR e A e B S
oA ABPEEE A 338 Y EE P RE R o RTR S O TR —fr};%_'lg"‘

TR

BLE R B2 T R AR kR S kewaunee B AR 5N FE R iz 20 & 4B

+ g @ % SCALE ORIGEN AE5% i (7 90423 B > 042 iF ¢ Bk 8 46,1 2o

V-39



g et~ Uk S5 R 4.2 Wt% ~ 44 & 55,000 MWA/MTU ~ 4 frpsF 10 & > 4
T WY R 32 R kS A RS A LW S 8577x10° nfs %
7.155x10™ y/s o & 541k B W] A 4o B 5.3-1 47 0 H g @#E -~ Z 50T 2
AFAEE N LR R APT  BRF FIRM M AR R s SRR

Hkd SR WML B R R R AT -

10 Y Ty Ty Ty Y Ty ol Ty — 20 T T T
< B 184 g
B 8 M
g 0.8 41 B 16 i
% 2 144 g
=3 €
06 4 = 12+ b
§ & 104 g
%] <
o 04- 1 E o84 1
£ g
E O 064 4
- § 04
3 02 4 X o4 4
S g
g 5 024 g
S z *\—‘—\‘.— i
=00 1 -‘m -‘9 -Is -I7 -‘6 -Is -‘4 -‘3 -Iz -Il -‘0 -‘01 a 00 2 I‘ I“ Il o
10" 10 10° 10° 107 120° 120° 10 10° 10 10" 10° 10' 1 10 10 10 10 1
Energy (MeV) Energy (MeV)

B15.3-1~ (2)%0 ¢ 3 2 (L)% 63 iR 3 o
Y RA R LA PN L MAoR 53-2 %7 o Bl h 2 o A
SRR AT F AN G A AR P AR R R BT R LT e B

Fatshe A RATRBLLE P RIS N ZF g RN FEHBHBF LG

+

BERCR RIS L BfrG it F RS 24 2B PRS2 8 RERD R

N

70

N

}/’};%é’&# $i‘]_%~¢§—122}/,,\, 1R b E40 o A f’fﬂ?f'(]{;\ 113.15
ghktet J SlesmE R
CASTOR iEfaf # F sfe ks > eyt #ed PR 7] ehe 3 s jehtie ff i =

‘EF“
W
oy
e
Pt
s
%‘
—
4y
X
e
=
\\?{y
ol

Rl E A o 2 RATHBITE A AR 54 2 00REI G L F g
ERHEA LB BT - RlG Le Bjrg 35 24 B2 5 2 R

¢ M (PE) > & %ip B 25 a4 enE R 1 a4 hR e 0 Y G 131519

IV-40



Concrete cask Metal cask

M Spent fuel

B Concrete
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W Cast iron
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B 534~ 2%

Bl 5.3-5 ~ 3o ¥ AT 5h 2 B KxI}fT/)ET’T B e

# 5.3-1 ~ 52pT% % MAVRIC 3+ & pF i F 20

Source Forward SN | Adjoint SN Total SN MC Total

(min) (min) (min) (hr) (hr)

FG 2.2 2.2 4.5 24.1 24.2

FN 9.5 6.8 16.5 24.1 24.5
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