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2. B2 &

The objective of this project is to assist the competent authority in strengthening
the technical review capabilities to examine the safety analysis report of the indoor
dry storage system of spent nuclear fuels in nuclear power plant decommissioning.
Taiwan Power Company is currently carrying out the decommissioning planning of
Chinshan nuclear power plant. Therefore, in order to ensure nuclear safety,
environmental protection and public health, this project is performed for the dry
storage systems. The relevant information and regulatory search is performed and
includes the foreign data collection such as: Germany and Japan. The information is
compared and the conclusions of the comparison are presented in this report. The key
issues in reviewing the safety analysis report of an indoor dry storage system will be
identified and the corresponding measures will be proposed. The results and
experience obtained from this project will facilitate the future review process of
similar systems in Taiwan.

According to the plan, this report has collected information of indoor storage
facilities and the data of design and management for dry storage facilities in Germany
and Japan. It also completed probabilistic risk assessment of metal cask and concrete
cask in dry storage facilities. According to NUREG-1864 and EPRI -1009691 reports,
there are some cancer risk differences between welded cask (Holtec HI-STORM 100)
and bolted cask (TN32/40). Generally, in welded cask case, the first year risk is about
1.8x107!2 and follow-up year risk is about 3.2x107'%; in bolted cask case, the first year
risk is about 5.6x10!% and follow-up year risk is about 1.7x1013. Although the risks
of casks are different, with different design and different assumptions, they are much
lower than the regulatory limits (2x10°®) made by NRC. The resulting indicates the

risk of dry storage facilities is extremely small and no prompt fatalities are expected.



In addition, we have developed SAPHIRE risk assessment model for dry
storage. It will continue to sophisticated SAPHIRE analysis model to facilitate the

future provided to the competent authority for verification and reference basis.

Keywords : Spent fuel ~ Dry storage ~ Probabilistic risk assessment
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MR 73 16 Asc X3 AER NP I prs &% (Central
Interim Storage Facilities » 3K & 1% % B¢t » ZF ¢ F 35 Fuoht 2232
PP RS € ER PERBPETR CFINE B REZ TS
#4) s Ahaus ~ Gorleben ™2 % ZLN: 2 13 A T BB M * EH 3 9
BN s (B 2012 2F 25 EFP 51 & Obrigheim »* 2016

8 mY bum o kg yw) [4][5] -
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* Storage Facility North Rubenow

g

Cask Storage Facility Gorleben

e

DWRT RAARAE

SWRT #AXREEB
Storage Facility Ahaus x ﬁ&iZOll#—

BER T FHERe
Egy

. BEXEHE

. JER P XAFFiss

Neckarwestheim 2022 Gundremmingen 2017 2021

B2 AKX AR HE[3]

B 2RIz pPFF %% A5 B[3]

Ahaus ~ Gorleben % Rubenow % 5 GNS 4t Wz & ¢ ;4 ¢ & pF iz
%X % [4][5][6] - Ahaus kx* 3t 1992 &# 7 " > H B2 ¥ 5%F £ 5
3,960 #g £ £ & (Heavy Metal » HM) » B ¢ BF % 6 i k8 F B E
(Light Water-cooled Reactor > LWR)z CASTOR V Al 4 (#& & £ 4]
Bodr & 1)~305 %24 3 8 F & B (Thorium High Temperature Reactor °
THTR)2. CASTOR THTR # 45 > 1 2 18 &2 7 4] ¥ & % 2 CASTOR MTR2
#H e Ak B¢ 4 mARE Ahaus T P REP AR (ILW)Z ¢ #Her S
% ;Gorleben ¥ 3 B * 3> 1995 & 4 F o H Bz % F gy £ 5 3,800
ME £ B (HD o ¥ % & 5 o= A 0 (D) K BT o
(Transportbehdlterlager » TBL-G) » % % LWR 2 * &2+ 4L » w

2 i R R RL RS2 H B AM (Vitrified High
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Level Radioactive Waste > VHLW) - # 1 2014 % &+ > £ 3 5 & LWR
RS R 4 2 108 248 La Hague i k 22 VHLW # §8 (& £ & 7]
Bodcr i 2) 5 (2)¥: A4 pr 3 3 (Abfalllager » ALG) » 5 3c @ 3 52 K
FE(LLW) 2 ¢ FE 2 B o e P X F 6 BEF 3 2 0 ¥ p73 15,000 m?
2% &% o o oB& # 5 (3) Pilot Conditioning Plant
(Pilot-konditionierungsanlage » PKA) » # % & ¥ m ¥ #5973 2. *#
WG R I R R B 2 B R RER LR Ee o
W o7 f kP RRK P HEFZLN = & Rubenow £ * 3t 1999 £ &
T 5 e “,f i~ @ B Greifswald ~ Rheinsberg % WWER (Water-water
Energetic Reactor)r & B i& # % *‘,!rt PRS- Sl SR L A N

EFE L B HEEHBUN - HF 80 mE Rk E &AL

2) o
T 13 BPRRRN T B RREA GRS AR D
FRPIEL 0 B R ek 3 ¢hm (5] % T 1 13 BT A

Bl @+ gty Rw R - kP e r R & Jilich
Jilich = * % % 2% Jilich % % 3 % & F ®& =
AVR(Arbeitsgemeinschaft Versuchsreaktor)z * i % 3 %4 2 % &
#L (Radioactive Operational Waste) [6] > Fx* > 1993 & 8 * » &
F*% % £ & 158 2 CASTOR THTR/AVR # 45> F = 3 3% & 5 152 %2 CASTOR

THTR/AVR # # -



F 2 B ER N EEEY NP ARG EFRICR E L[]
4 x4 5 SNF(Spent Nuclear Fuel) ;s ¢ % % 5 HAW(High Active

Waste) °
R &k ERE & 48 A&
Ahaus 305 CASTOR THTR/AVR
18 CASTOR MTR2
2 CASTOR V/19
1 CASTOR V/19SN06
3 CASTOR V/52
Gorleben 1 CASTOR 11a
1 TS28V
3 CASTOR V/19
1 CASTOR 1c
T4 CASTOR HAW20/28CG
12 TN85
21 CASTOR HAW28M
Rubenow (ZLN) 61 CASTOR 440/84
1 CASTOR 440/84mvK
3 CASTOR KRB-MOX
3 CASTOR KNK
1 CASTOR KNK
5 CASTOR HAW20/28CG

I-12



23 AARMI2 B @ F RPN RwERR TR L[]
R 5k ERCE 4 EE LI ot 2022) FF 3 2022 &
(81 12/2012) # o | 3R (L)

Biblis 51 CASTOR V/19 102 1204

Brokdorf 16 CASTOR V/19 78 776

Brunsbiittel 9 CASTOR V/52 22 169

Grafenrheinfeld 20 CASTOR V/19 62 561

Grohnde 18 CASTOR V/19 79 762

Gundremmingen 41 CASTOR V/52 191 1663

Isar 25 CASTOR — V/191 199 1148
CASTOR V/52

Kriimmel 19 CASTOR V/52 41 371

Lingen 32 CASTOR V/19 87 884

Neckarwestheim 41 CASTOR V/19 113 1039

Philippsburg 36 CASTOR V/19 101 993
CASTOR V/52

Unterweser 8 CASTOR V/19 38 386

Obrigheim 15 CASTOR 440/84 - -

X 341 1046 9776
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@it Y (4@ 3) o
SAEYE? 2N Ew (DL T4 27 (TEPCO) 2 48 &
BoP R RN R LIS RRE L E A ERS (R 1) -

A WEH(ET BR3TH)Z 5 % WA (T HR52H)

\‘-‘-

-3+ 408 1 BWR * 2+ il 2 2 (T4 w4 )[T] > wd 3 311 &+ i

oo R REAEF LI 2013 & TEPCOk* Fup & % P73 K% (4w B 5)#

WL - PTRP PO EFFEY B RPN RS EDR
A E[8][9] (2)F AR F 4 R4 2@ (JAPCO) 2 &% % -
TROEPN B E R 2 2000 e > WprH R S 250 ik (9 24 &
E ) £ 1464 T BWR * 42 3 4l e 2 (4o B 6 [10] )5 (3) @ 2%
T4 2P (CEPCOZ A K T R ERBFH RS (4B 7 [11]) » 2014
ERGR P EE S 2018 gar 0 R E kR G 400 (K 32 ki

802,200 42)

peebo pE g ArE - - REiE P 2 B¢ NP ey &% i TEPCO
2 JAPCO & & B a 2z 2 % 3+ 283 p piFs X% Nutsu
Recycle Fuel Storage Center (RFSC- B 8) » %k ¥ & ¥ 33 % & 3
5,000 #i4h (4 500 ) Fe® @ * 15 50 & > @ g * £

A2 50 & [11] -

I-14



Recyclable-Fuel Storage Company(RFS)
(Interim Storage Facility) (Mutsu City)
Max. 3,000 tU (2013~)
2010.8.27 Construction Permit
8.31 Start of Construction

TEPCO *Fukushima
Daiichi

Max. 155 tU

9 Casks (74 tU)
(1995~)

Chubu.E.P Co *Hamaoka
(Planning)

Max. 700 tU

(2016~)

JAPCO*Tokai No.2
Max.250 tU

15 Casks(160 tU)
(2001 ~)

BRE—RFHRER
XX R EER

P PIEFR

FrRY bL—5—

Bl 4P 2455 - PLIMEP TSR SRE[T]
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Basket

4 Neutron shielding

Mount i
—

(Width) approx. 62m x (Depth) approx. 131m x (Height) approx. 28m (capacity: approx. 3,000 tons) 1) ™ 2

Bl 8~ p ~RFSC % - HX s W[12]

52 ARERPREIERRT NIRRT 2RELE
il

MERGVEEP R EALR G EHRST R TE TR E D
BEm A peRTR AN ERNREER  BERFEL FERR
FZRBE ZZ MBI HSERRATRAES LY LR H

L2 R TR FRrEFg 2T R ERARERAL
2L R E 2 R % o 12T A w44 U.S.NRC[13]# EPRI[16]
G T AREL > BHREE SN - fEasmp o B¢ NRC 4
RO FHS A AT R ERALE SR EL E R > EPRI F £ 7
W F LI ERATREMRAL L EHER -

5.2.1 A Pilot Probabilistic Risk Assessment of a Dry Cask

Storage System at a Nuclear Power Plant, NUREG-1864, NRC, 2007.

FEREEFRNRC & £ 2 HPT RAIF DI T 2 B
%o B % R = & ( PRA, Probabilistic Risk Assessment ) °
NMSS(Office of Nuclear Material Safety and Safeguards) v

RES(Office of Nuclear Regulatory Research)s B H =8 & B % 7
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-~ EANEH DHE P FHha FL A 4 PRA 2 AW AT R
4 51 [13] - NUREG-1864 #F & 1 & B 1 2 #F B &2 g * PRA A #73% &
e rHERE O % TATE T E KK o NRC 2
PLA RN F s B % 3N (welded cask)F A T ¥ % 0 B E A&

% Holtec HI-STORM 100 iz % p¥ 5 48

NUREG-1864 3F & = 2 aa 478 % 5% -k 3% F b F 171 L RIRF- i
PR FERIERL AL E  BEFRA TR LR AT LA
& 2 F4n%F i (Initiating Events)i#8 > 7] 1 7 5 & 5 B A ERFH BT
HE 2R EY AT R LT EH ARG ET T EHT R
BEEH T ERHS S H N R4 F (MPC, Multipurpose Canister)
EF L F PR ERR oA ELT R G A A e PRA A 154
LKA BN BB E LT DR e E T EFEY 0T
# 4~6 5 NUREG-18643F 2 ¢ sy Ml ecn B4 & 2 &2 00 2 2 E 4o F i 47
HR2Z % % 0 & 5 82 £ F & (Mechanical and Thermal Events) - #

E2

vOE i

EABT RAGHEK BBV LER REA S PFFE
B ERI R BREE B R R CBETF PR
FL - BRFEFIA A HGEFHEH IR ORGS0 FRFEZR
L s B R RS PR 2R
RO BB R P S BB e T e i ki g @il- 2hgE

LA AR BRI SR

I #RPAEPPERE AHBRA M T &2 a5 -

2. R OZ RGNS W R F R A M E sl Az g

ERCE D A



3. AWM F FERIREY NFELET TR B A ELRE S
= E‘ﬁ’b&ﬁ}k 3

4. Bt > BEFT RS BREFFER S e RELKRRE S O
BRI R

AEHIA LR FEIR LA FEORF TR E A

LR g N pAoeF i E o b T A T ek BEE R ARR

11-17 22 BHEF A F > BEE w3 033 0.6 F A&l

12 2# W) Pl 550 B 44h mens B S ] 100 ArpFf 18> @
EEENE R M 244 2 8 (80 F R ) dok L PR E S B 5 H o w A

% e F 5 0.00020 F - % d o 4ok & 305 2 ¢ (100 #FR)F

B

o

|5 # i BHA F LB FNL 00195 BHATEA

-

PORGFEREREEEOREL AL R BREER A
BRE TR S RENMNE LTI RLERRPEEL 220> H B % 40
T A Qe m A 910 PIERL Y W BELERE TSP AEAMY

SR AR

ERAPREHEZR EBTIANEPRATRDOEE Aok 1197F o
mAP I Z ARG REGERBABELEKEES S G FETT BB
BB EHENB A= HE i 177 )em 3P 5 g p I F
b » AF AT g2 8% €42 %y L @ imfe -
mAETHEPAPETFRIIEARAETFRL SRS ) AT E R
HALF R AR R T b & ML PN R - ERFHS R
Bk BABARES S D F L 18x 1017 A E s IR

NAEGRBEITEREE LE E 32x 10714

TN G ITE 2 RBR R BERERE SR ROBILENE %
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BT Es 7204 119 B9 F TR AN T RATHIAE > &
BRI P TR B 0 BB 1968 £ 1 2002 & ¥ o 4 R

55400049 » HE 343> HA- o F 245 5 56x10° A LIm b - B 2%

it

2 AP I~25 o BEEHE S PN R TR gF
e H ficiE 2t

\\L

¥, BERE HESE L AP P 5 26033 HikiE

<

SF AR FABEDT > F ARG RO FRP D E AL

AT EEI I AN R HBGFAREEE Xk A ERE

Nud

BELAPAD DM R GHLEFTRAPRPBEFINLH > 2 L

AL R AR R e F A E G R R
BN E TR A N ko Tl A B M § AR B AR Ak 5B R

AR B ACEERT EF AN /0 HE B R

i A 12 FREANT AR AFHEIR §OPTHRS LR
BiEhm 2 R385 2 RPN FH LR § 0 TEQ2XI0% 2 TE K
pPEERPREALR D2

1. Risk-Informed Decisionmaking for Nuclear Material and Waste
Application” Revision 1, Office of Nuclear Regulatory Research,

Office of Nuclear Material Safety and Safeguard, February

2008.[14]

2. Building a Risk Framework for Spent Fuel Dry Storage System,
DSFM REG CON, Donald Chung, Ph. D, November 18-19, 2015.

[15]

EERP R EALR g2 mp e KR g UE G

2x10°%(4- Bl 9 #77F ) B 10 3 NUREG-1864 en#i3® & ehh ' #c & & %
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BB & U 2x1070 38 0 R (Ar P )0 d R R 0 T O A R
TR 2 AL B BER R IR R A W R e R MY E R

Pri B 41 E R € 2 RE R(2x107) o

&
o~

LA Bl pb g2t &4 % F

[13]

BRITx A A SRR RIaE &R
g
LR S EE: B

A R L 3.3.2 4.1.2.1 4.4
48 ME i 3.3.2 4.1.2.2 4.4
PEFH ¢ 3.3.2 4.1.2.3 4.4
= A 3.3.2 4.1.2.4 4.4
L 9 R 3.3.2 4.1.2.5 4.4
5o Batan FHE Y 3.3.2 4.1.2.6 4.4
i B

BE=
BLE @ s sldez Ll X 4.2.1.2

XX & é"ﬁri "J"q‘

B

U o S S R S

W% TR
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# H-BEPRERZ &L E FE[13]

BHEEx AR HEF | FHNTH BEaRk
i
SR S EE AN
Rt )

e 4.1.3.1 4.4
Bt 4.1.3.1 4.4
X X 4.1.3.1] 4.4

T M
I iy 4.1.3.1) 4.1.3.2| 4.4
i E iR 4.1.3.1) 4.1.38.2| 4.4
B
LR PR TE SRR X 4.2.1.2
IR D S sz X 4.2.1.2

XX A KT 7

A s
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2 6 pFERER T &4 2 F E[13]

BRIFR AR B F SRR | kR
H4h F e
R

e @ SN S X 3.2.1
e X 3.2.2
FREE 3.3.3 4.1.3.2
IGRIPES 3 X 3.2.3
5% b X 3.3.4 4.1.3.2
B E g IR X 3.2.4

LR & o
L 3.3.7 4.1.3.3
B4 BRde 2 44 4.1.3.3
Hok k2 £ 4 3.2.1
# i 4.1.3.3
[ 3.3.5 3.3.5

RiFildz2 W

B X 4.1.3.4
S EUESE - R AT X 4.1.3.4
2¥RE X 3.2.5
SIT 2 8 Ay X 3.2.5
RE X 3.2.5
B EE X 3.2.5
H % X 3.2.5

#E¥ =

BFER
e G UL EEE BN LR A S i X 3.2.1
HawF B &
BRI T RS AR X 3.2.1

i
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3.2.1

kB X
5% 1% o X

B k2T refom

G - St

‘}\' \J_I J‘j\'

25 A RE

R

3.3.6

L alde SBME L

B g

3.3. 7

X

X

Y QR P IS - U S A R o R E
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LTS 5 R FHTRE L kS

P =
%o E piEh A | L ;;fﬂ" ¥
5 < 0.000001
- 40 0.000360
70 0.002600
BiEE R 100 0.019600
5 0.000002
CEliE e 40 0.000014
80 0.000203
555 %
g‘i?; ;:%j; PP e AR 19 0.282000
PEHLE
KR 1 < 0.000001
Ty BT 1 < 0.000001
BT 1 < 0.000001
GEE S g N/A < 0.000001
L8 AHFAEATREER LR
B ok AL okl
% & | ®(in/in) L % A 5
(in/in)
1 0.0043 0.01 0
5 0.0062 0.01 0
20 0.0072 0.01 0
WY R 40 0.011 0.01 1
@R 55 0.025 0.01 1
70 0.037 0.01 1
100 0.052 0.01 1
5 (1) N/A 0
PRk e & 40 (1) N/A 1
80 (1) N/A 1
§ A 44
FH ITEE | FFre EAR 19 0.09 0.01 1
Praik ik I} N/A 0.0055 0.01 0

() W A BB 5 AFEE BB 5 5+ F1 11 h— § R 3 A
E’J/E/}k’iif‘ﬁ.} %;J——n FE—?"}{ {%)kﬂz °
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200~ BEEHp 3052 A EHEE

i R WeE s S
eI 0.12 0.12
e RENAE ! 7x10° = 1.2x1073 7x107 & 1.2x10™
CRUD 1.5x10° 1.5x10™*
% 10~ ~MACCS2 *t ##E:-5 &%
tRe A HE | BAA= | B R @A;ém
k LA B AR b b % B
ERER CRUD (16km)
P fh (m) | (16km) (16km) Sy
0.12 1.2x10° | 1.5x103 | 50 0 3.6x10™ 1.85
0.12 1.2x10° | 1.5x107 | 120 0 2.1x10™* 0.14
0.12 1.2x10* | 1.5x10% | 50 0 5.2x10° 0.22
0.12 7x10° | 1.5x10° | 50 0 4.3x10° 0.026
0.12 7x10° | 1.5x10° | 120 0 2.6x10° 0.0036
0.12 7x107 | 1.5x10* | 50 0 4.3x107 0.0028
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21 BFHN EERTER 2% ([13]

AREE ST A | S| st | R % b %

LRI EERE RN E
SETA IR A
d M

1o g g 2.2x10° | 6.4x10*| NG 1 1.5x10™ | 1.9x10™"
2 7 i 0
3: Wi A | 5.6x10° 1 NG 1 1.0x10™ | 5.6x10"
A: @@y | 5.6x10° | 1.0x10° | All | 1.5x10"| 3.6x10" | 3.0x10™
5. WAy | 5.6x10° | 1.0x10° | ALl | 1.5x10"| 3.6x10"| 3.0x10"
6: Wi ALY | 5.6x10° | 1.0x10° | ALl | 1.5x10"| 3.6x10"| 3.0x10"
T: WA | 5.6x10° | 1.0x10° | ALl | 1.5x10"| 3.6x10"| 3.0x10"
8: Wi ALY | 5.6x10° | 1.0x10° | ALl | 1.5x10"| 3.6x10"| 3.0x10"
9-10 7 i 0
11-17: @i % 4| 5.6x10° | 1.0x10°| All | 1.5x10"| 3.6x10" | 3.0x10 "
T
18: "% i@ 45| 5.6x10° | 0.020 | NG 1 1.0x10™ | 1.0x10™"
B & 100 = H- OT | 1.5x10"| 3.6x10" | 6.0x10™
19 7 i 0
20: %75 ®atw| 5.6x10° | 0.28 | NG 1 1.0x10™ | 1.6x10"
FAE A9 R H OT | 1.5x10-*| 3.6x10" | 8.5x10™"
21: %75 %4tdm| 5.6x10° | 0.28 | NG 1 1.0x10™ | 1.6x10"
FAE A9 R H OT | 1.5x10-*| 3.6x10" | 8.5x10™
%)
22-24 7 i 0
25 7 i 0
26-33: pr i 4 - 0 X 0
HiE
34: # 2E e | 7.0x107 | 1.0x10° | All X 3.6x10" | 2.5x10"°

MEHES | 6.3x10° | 0.014 | All X 3.6x10" | 3.2x10"

W T E | 3 5x10™" 1 All X 3.6x10" | 1.3x10"

B L L] 3 7x10° 0 X N/A 0
§- E R g A 1.8x10™
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FERER I g2

34: # R¥ e | T.0x107| 1LOxI0°| AIL | X | 3.6x10" | 2.5x10"
WEBEY | 6.3x10°| 0.014 | AL | X | 3.6x10"| 3.2x10"
wHREES [ 35x10"] 1 | AIL| X | 3.6x10" | 1.3x10"
L 3100 0 X N/A 0

Notes: “NG” = 4 #

“OT” = 1.4 # 14 7 e s 1148

CAIP = M5 WAoot 2w

X7= B S AR IR

BT S b AR

% 12~ U.S.NRC # 5 #H:\ ' BTG 2 B85 5% 5% [13]

Rk [EpabE [ERpary |
Fo £ [N For 5
r—
BEREE
eSOk 1.77x10°12 0 32210 | 1.8% 10712
2R
"
P70 (e 2 18
g E:
Bl SR T N/A N/A 3.2x 1074 | 3.2x 10714
P
"

*3 14 %> U.S. NRC ' & (2x107°)
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Another criterion indicating that no action should be taken is negligible risk to individuals.
Chapter 5 discusses accident risk guidelines defining such levels of risk. These values
represent very low risk, relative to U.S. average fatality risks. The decision algorithm in
Chapter 4 for new regulatory reguirements uses these risk guidelines to indicate when new
requirements are unlikely to be justified. That is, if the staff proposes a new requirement to
lower accident risk, but its effect on risk would be negligible, the agency might choose not to
pursue the proposal. The staff provided guidelines for both workers and the general public. In
some areas regulated by NMSS/FSME, worker accident risk is a primary concern. The base
values for these guidelines, for negligible accident risk, proposed for evaluation, are as follows:

Public individual risk of acute fatality (QHG 1) is negligible if less than or equal to
5x107 fatality/yr.

Public individual risk of latent cancer fatality (LCF) (QHG 2) is negligible if less than or
equal to 2x107 fatality/yr or 4 mrem/yr.

Public individual risk of serious injury (QHG 3) is negligible if less than or equal to
1x10° fatality/yr.

Worker individual risk of acute fatality (QHG 4) is negligible if less than or equal to
1x10° fatality/yr.

Worker individual risk of LCF (QHG 5) is negligible if less than or equal to
1x10°7 fatality/yr or 25 mrem/yr.

. @ USNRC
Current NMSS Risk Criteria iowimim

Quantitative Health Guidelines (QHG) for NMSS Regulated Facilities

Population Risk Increased Latent Risk Limit Regulation
at Risk Metric | Cancer Risk/cask (BEIR-V)

Worker Annual *1E-05 0.25 mSv (25 mrem) NMSS (QHG)
dose

Public Annual 0.04 mSv (4 mrem) NMSS (QHG)
dose

“Risk-Informed Decisionmaking for Nuclear Material and Waste Application”
Revision 1, Office of Nuclear Regulatory Research, Office of Nuclear Material o
Safety and Safeguard, February 2008.

Bl 9~ U.S.NRC 2 & (2x107°%) & &J14],[15]
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1. 00E + 0

1 00E-D1

1 DOE-02

1 DDE-03

1 00E-0:8

1 DOE-05 1.00E-05

1, 00E <065

1 DOE-OT

L Canister Storage Risk
1 DOE-0:

1.00E-10

I Ganmﬁ I:I.TurRﬁI: -
1.00E-11

1 DDE-14
NUREG-1864 PRA of dry
cask at a BWR site

INDIVIDUAL RISK OF LATEMT CAMCER FATALITY PER CASK
PER YEAR

B 10~ U.S. NRC 412 & (2x10°%)#2 NUREG-1864 #F 2 chifc it 2 1 $[15] °
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5.2.2 Probabilistic Risk Assessment (PRA) of Bolted Storage

Casks, EPRI, 2004.

# W% 4 &7 “T(EPRI, Electric Power Research Institute)# *t %
By g4 &% B € ° 5= 2R3 F KE D% ENEH(Welded
Cask)Z B F H AR R EF T > Flpt EPRIZEHE RN F B F 0O
P42 5% 45 (Bolted Cask) » ke (FAPM i SN % AT 27 7
[16]c &gt #7 % @ "EPRI*TA 3 2 & Rd & 5 2 R A A 30~ 5 #]c® o
Py i s & BE e TN32(4c B 11 #75F ) EPRI 48 2 F_ 318 & 3¢
ARt b HERT > HOIG T 2R D FHN
PR BEFEFEAY CEH AL TP T L L AL E (Cask Loading) »
i ﬁig?J F# B (Cask Transfer)# pv i3 F# L (Cask Storage)= B Ff £ o @ p

FHmPEHEATFREY B F RO T 7 it L&

R ek g &R DR S R BT ETRA R

BT TEREEROB IR EARATRILT S BE

EREAPLFARFEEVENRLH  RRRBG CWLE
2 >

:E‘.
B R e R ERL AN G F AT L1 o

\-\/:1‘

PRA A 45 » ] 88 fj i 5 = 4 A&

1. e PF B (Cask Loading) @ & FF R ehE & B 7] 8% 4 % FANEIE S

a4

PP AR EL LB R FE T e F kAL
PR REBER LB RGO B I RS LR
wEa Y R P ER S BB R E T E R
JFEH @A Bl S B E RS I RE R R ER A W
EELE G RE I BEH AL ST S R

oo
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2. @ #ij [# £ (Cask Transfer) : - & B RS R BT Y B
R R2 88 BREERBRET T2 IARFET RPITEF RS
Flo ek FMERAF R FEH SN2 R - B R X

T RN T RE e

3. B FFF(Cask Storage) ! B (S A BB P+ BB 7R3 T

FoEIREBI AR RES AL A LRSS T F RPN
A

égﬂyﬁﬁ‘?jﬁﬁ"“ w i I HmN AR R

gﬂ-—‘—féo
Mo ER S VR T AL E 2T ABINAS N FE R

(EPRI ®2 TN32/40 A*EKFEHaEA) % EHF B #H " &%

=

AR E R R B RS
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8.75E-03
6.67E-03
6.67E-03
0
8.33E-03
3.12E-02
3.53E-03
3.13E-02
3.53E-03
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Measure radiationat
monitoring post

5.3.1 AT P FEEFR W2 R

CRT B REIP AT ERS LA IRPRALS LA
[4] © (1) B % B % (Storage Building) % 3+ ; (2) BF % i
(Storage Tunnel) &3+ -

P73 B % (Storage Building)® 3+ > 3 & A& #4 & » 4o B 19

#75% D (1)WTI-conceptsd WTI GmbH #7% 3+ -2 # % 2+ ¢ 0 Gorleben ~
Ahaus ¥ prip k% - B gL - R S (FE/PARAL > Situ

Concrete / Pre-cast Concrete) ~ # £ 5 9 0.7 0.8 == ~ B
Bk 0.6 &% ~3pARENd - BAEZARAEHA - LA PN

F0b & RPM FC R TR MM G XA g (Biblis,
Philippsburg, Grafenrheinfeld, Isar and Gundremmingen)
(2)STEAG-concept > ¢ STEAG GmbH #7%& 3+ - & H X 2 Fg i » &
PRI BHEGERRI)) - BEEN 1.2 - ETEEY .32
RAEAREE - RIAZA AR EPM G 6 ERP T E R
opt %K P 4 2 ¢ (Brokdorf, Krimmel, Brunsbiittel, Grohnde,

Lingen and Unterweser) o
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~27m
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B i 61 il dule b TR
a1 3 ]

e

RAEXINN

I ” =8 tl Ll L Ll Ll Ll
W | 00 00 00 00 00 00 00
, ‘ 00 00 00 00 00 90 00
‘ @0 00 00 00 90 60 ©0
\ @0 00 6@ 60 00 00 00
3 e R | |
8 I1 e (80 Stellpiatze) l
| P} 00 00 00 00 00
([ @0 00 00 00 90
‘ o0 00 00 00 00
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[

Bl 19~ 46 B P75 A 5 (Storage building):k 3+ 2. & fH stk it 7 & B[4][5] -

pr 73 #Lif (Storage Tunnel)x 3+ 24 (4- B 20 #75F ) » 2 4 % 3+
SBEEE G A GFd MR TG B TR R BT IS5 A

FIH#BFEFRFEE-RREP TF LKMo 7 H R 5

gt G2kt A E i (Neckarwestheim)
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2026 AR 12 A% 1+ PRI E RSN A [19]
&

Bt fme £ | BARB | & | Ef | B Ry | kT o2
B BE h #wh | % |+ LFWEH | & B P
2@ MW) & | BE/ETEE 12/2016 | 54
' B (m) @ P
=
£
Biblis 09/22/03 | 1,400 | 8.5 53 135 | 40 | WTI CASTOR | 52 102
x 101 92*38%18 V/19
0.8/0.55
Brokorf 11/28/03 | 1,000 | 5.5 375 | 100 | 40 | STEAG TN24E 29 75
x 1010 97%27%23 CASTOR
1.20/1.30 V/19
Brunsbiittel 11/28/03 | 450 6.0 2 80 40 | STEAG CASTOR | 9 19
x 1010 88+27%23 V/52
1.20/1.30
Grafenrheinfeld | 01/12/03 | 800 5.0 3.5 88 40 | WTI CASTOR | 21 53
x 1010 62*38*%18 V/19
0.85/0.55
Grohnde 12/20/02 | 1,000 | 5.5 375 | 100 | 40 | STEAG TN24E 27 74
x 101° 97%27%23 CASTOR
1.20/1.30 V/19
Gundremmingen | 12/19/03 | 1850 2.4 6.0 192 40 | WTI CASTOR | 42 181
x 1020 104*38*18 V/52
0.85/0.55
Isar 09/22/03 | 1,500 | 1.5 6.0 152 | 40 | WTI TN24E 35 118
x 1020 92*38%18 CASTOR
0.85/0.55 V/52
Kriimmel 12/19/03 | 775 0.96 3.0 80 40 | STEAG CASTOR | 21 41
x 1020 83%27%23 V/52
1.20/1.30
Lingen 11/06/02 | 1250 | 6.9 4.7 125 | 40 | STEAG CASTOR | 38 87
(Emsland) x 1019 110%30%20 V/19
1.20/1.30
Neckarwestheim | 09/22/03 | 1,600 | 8.3 35 151 | 40 | ¥ CASTOR | 53 113
x 1019 112/12.8 & 440/84
82*17.3 MVK
CASTOR
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V/19
Philippsburg 12/19/03 | 1,600 1.5 6.0 152 40 | WTI TN24E 40 102
x 1020 92%37*18 CASTOR
0.70/0.55 V/19
CASTOR
V/52
Unterweser 09/22/03 | 800 4.4 3.0 80 40 | STEAG TN24E 27 38
x 10%° 80%27*23 CASTOR
1.20/1.30 V/19
Obrigheim 08/22/05 | 100 4.2 0.3 - 40 | WTI CASTOR | 15 -
x 108 36.6%19.7*19 | 440/84
0.85/0.55
HART | 1,435 341 1046
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2,20040 ) & B EHT L 3% 69y BRI R e o FHE Y 5.4
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ME v EH 2.5 ~ER Y120 E[11] 0

Mutsu Recycle Fuel Storage Center % P 2 3% BT 3 3 ¥ » K %

B IE a2 E 25,0004 0 9500 28 2N & BEH(E 2T K

| 4

FRAEMT A HMEH (R 20) B Wi pe 42013 80 2
S BRI S AE 131 2 CXE 622 X3 282 W 8) p 4
pRRg g e R pr s £ 5 3,000 #F 4 (M 21) 0 2@ 2,600 = kp
BWR * i %5 %4 : 400 4 % f PWR » & P15 %4 > [12] - -5 &

#-5 200~300 #F & & » 2t B R BT T e

(Storage amount)
5,000t |-
Second buildings oo \
3,000t - :
 First building (s.om
Commencementof  10-15 years 50years  60-65 years

commercial operation
(Storage period)

B 21~ p ARFSC % P 57V pF 33k ¥ 2 priapifeT 2 BI[12] -

1-64



227~ P ARFSC 2P §E N pF ko2 4 ¢ TR A [12]

Aok CFE BECHAD el SEAN A - BRANFE BEE
e * 3D
A a1 A& 2
£ R 5.4m 5.4m 5.5m 5.1m
¢+
ok 2.5m 2.5m 2.4m 2.6m
BE 119t 119t 116t 118t
ekl e g 69 69 52 26
L e Ed o RH (LW ET)
e FE 4 (2 %)
b P gE g (42 %)
A (7 F B )
pompR(? )
PREFW | FF
SRS 1 FE i R(LB2ZEESF)

5.3.3 WAFHERAK

R A g r PR P20 70 3 a2
(Atomic Energy Act) -~ & % B # i & (Radiation Protection
Ordiance) ™ % % » ¥ p| (Safety Guidelines for Dry Cask Storage

of Spent Fuel and Heat-generating Waste) °

B o fE & ez [3][56]:2000# 7% 1 pifs&ab pboje®
AR RMBEE RN P B ¥ % % (Interim Storage Facilities):ig

FrE G R ENEAEYRE(RFAZ ATt 9 *EHF R
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Pic kit 2GR (Y EHF 2R EFHEDPF TN E BT
% % p) > Safety Guidelines for Dry Cask Storage of Spent Fuel
and Heat-generating Waste» % - % 1.1 &) pr 3 #E 4 F 2 & L &
AR X 2R MG R TR R LR R B

BRI A EEFELT S E DR ERE(CT BT B EF AR

PRl ERFETIEN Y R 2.28 )RR AT FET

R B B & se(Facility' s Perimeter Fence)¥t— 4k o ®o#rig & o f £

B R ImSv/yr (P P+ B agRadPFcltEars 0
FoF 6.3 &) it EREF ANV ERERFALET LT 2

FrArlERCEPNFEIRTFEMEEAM K E 2R

BT mBE AR i R ER R R R

BRAVirERETERN S Y F T&)

5.3.4 P2 EHIZ KK

PAY R E Y BRSBTS TERM RS A
PR eE R i dAAMEEY B AFEFEARESFT -+ 285
F2UORIYORFCBES 22 A% 22 Aow )i &k 2o
TL2FRG P ER IR T ERAMRR(R Y FRRL 0K
DEFRCEFT LR " FHFBHPFFRELEE - 2 KA
AE2ZAAMAAN(RY FRPFFRSXOEE ~ 2 OREOAR
CEFARR) PR R RARN LB RSN ERr s E0 (R
FARLTHP ORI FHEBOESF R IEFRIECOVT) ¥ E
TSR el AR R R AN T (5
BoRk#H MG OR?

REF R E 0B R TR
B4 aHiram) ~* I AR 2R adEny Pprgxs
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RWER > 0.5mSv/yr> A E > A Lppeyig §(hF A

AL R 2ORIFL[2]1] @ F BHEPFFRELEE ~ fFig 2
WA ApMARR R R EHER TS B R g
PR FAREFAAZF R 2P (RRBE C BH AR BT
BPLrfh - 2R EE R P RE)E[22] BN T R 2
W F RPN R R R 2F A TR LS B
s‘;#ﬁf’a@xﬁﬂ(é%%@ﬁ%“,$~¢§éf¢&ﬁ""f\?ﬁﬁ'r:t\rﬁiﬁrm’%ua,zg-fgaagli)\
E At o fg s E F(REF)FE L 2nSv/hr ~ BEHE R 1 2 2 # R
HeAE FE ) 0.1ImSv/hr[23] b > R LB 5 - T KRB
ZZFEMe BRpAZ LR A FERET 0 ELNP T REE
FEB(F 4T Zop )z B E UE )3 ImSv/yr o oA K R

SO P TRIE AR BEREYL 0.00InSv/yr [20] -
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INDIVIDUAL RISK OF LATENT CANCER FATALITY PER CASK

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

PER YEAR

1.00E-07

1.00E-08

1.00E-09

1.00E-10

1.00E-11

1.00E-12

1.00E-13
1.00E-14

Bolted Cask Storage Risk

‘ Canister Storage Risk

‘ Bolted Cask1st Year Risk

560E1

‘ Canister 1st Year Risk ‘

ﬁ 1.80E-12
1 .70E-13 FW

EPRI PRA of Bolted

Storage Cask at PWR site

cask at a BWR site

NUREG-1864 PRA of dry

Bl 22 ~ NUREG-1864 1/ % EPRI #f 4 e g #2 NRC 52 & (2x1076) 2 v fie o

o\ B {E

&S PRV {E

RAEZ

(JEk) eSS

<10°

10
10

6_105
5_104

>10*

Pl

EMER

IR

— R

B REE R LSS
A REREZ EIREE

BRI {H 2%
SR

2 E
f= B
tE+EE

B 23~

2.62X107
~2X103
2.74X107

Z=7CE: http://shuchuan7 blogspot.tw/2010/07/blog-post_06.html

:_/r'é "hi%»

PR s ERY o

1-72



SzRiT Rt R S B S ERERIRE

GRITEREE—RNRESESERE
s ¥

& & FETEND '\) < meaw
e a o " uf® '6’
FEREEY RERR {

@

v

PREREBT DEBNNI
BLEEREER-B  AREARSRAHZRNNE  ZXaBRHNLE EEABRNNEE & SAm0XEE
(0.09%AER ) (LeEFm®/F) ( 6~6.5MBEMH/E ) ( S~15WEMB/E ) (13MER/F)
r ' I
% * il

1. 2. 3.4.5. 6. 100.
1l

RiBZFRNEATF

( 0.05%F#/%F ) 25-R2E

2 25—-x2Me
BR1~-2%% W GER

o
3 i;g&
M- TRENBRENEE | RHBEEUEERBEES SRR
0.05 mSv/y < 0.25 mSy,

Bl 24 ~ 5275 b7 28 %5 2 — LS dg SEA R 0L 1 [25] -

EMERE
(1RER/E) ( 20MER/% )

Op

1-73



e
N

=~
l -

Ty
_"
S
P

LT MRIGR TSR ER T PR & B
BE o T FRFRAEN P ARG R RS P & B

PRI R KRBEH R AL PR T ROKFERT FLF G

>
A

720209 )0 B o AR S B - PR AR BRI S B R TE

Nud
=

TR EPRRTERY o

Sy

(o))
e
b
¥
|

I mSAERATFR TG FRPR LR g HR

e T E S U E R AR BER R R R 2

Tk
—ba
M
S

# 23
MO IFAENEAGERATRALG R Y LR ST R E A 2
PP oI TREFA 7 AR RAREFUHEZ FLRBEET X
Z @ Fh % cEPRI A ERPENFHFEA €2 527 2k F R
FERNMAAIERIBIAN B RATFEF L 0 Fl EPRIE
BRANSMFFBEEOHG RS EEER REFHAR OB IH B R T
Feam g o Wi ¥4 E ¢ o0 NUREG-1864 4F 4 2 2 % % &
TR - ERAEAKRESC PP F S 1.8x 10717 ApF il 84
ENPIHENEFRAEFERES LA E 323 10 ¥R ERP R E
A

g 01 (2x10°) o ¢ NUREG-1864 3 4 #7325 2 % % > it

PR F T E 2 TR sk BEE e S P R F

ool F oo BBy ), it itE Bapea s Bk
ErF o RFALFALGEDET - F2AEBOEE > FRENFHLR

3

J-

i b SR N BHA TS REEE 2 % hirS
FLp e R ROBELLFTRACRPBRFIEH 2 A

Bwd B o

m EPRIhA s 5 %d4ph » #HAKABLRRES = 0% - &R

A S.6x 10N A HE - FH)h ARG LB ESL G T E

1-74



L7x100 v = Fenfeid 224 S 2 ¢ P 2R a 4L R § o
FLE(2x107°) ¥ /b - EPRI % dp M8 pris T B+ b ' 2 &
B E R R R P 59%; AR S 1% A& R Y
b fRhe TEBEFRETE S, IFFFER L 30% 7 22 BT &
# »EPRI» g M1k *g b~ ch ¥ 2z 5 8 B X X (High Temperature Fire)
232x 10 e ¥ - A F i EARERE L AT &

)

< 5

It

(Heavy Loads Exceed Structural Limit) » 5 8.5x 107'*; Rk *% %
T s BB e a4 fral e & (High Temperature and Forces) (¥-'&
P b %) 4 83x 1071
M RBEERPEGEFLAEES EPRIZP IR ATRA
THA N A T EA 2R E Y A ARE Ix107 Fa oy
FUNRC 3 Zeh B b %L E(2x100) M 35 5 > B i v sk o H
FRBFLARBELRY B I RN BB IFRELEFHIE ST o A3 F
s 2RI pge R At SEERPR LA E
Systems Analysis Programs for Hands-on Integrated Reliability
Evaluations (SAPHIRE) i * 3 "ok " &~ 7 & * #2354 » 7 & (7K § &
AR Z P FHSERERETER T RBERPE N AL R €
NUREG-1864 3% 4 > ¥ & »* Level-2 2. & R 78 3 * (Source Term Groups)
§ Ao g S MR 2 e~ E gy~ pF s & Level-3 2 b & K & (Risk
Integration) & ¥ it # R AN BFALR B LI LR Z B IR %GFAT o 23
% #7222 SAPHIRE » 45 5% #7323 & 2 b '& & & NUREG-1864 1 '&
EAp ot £ B A 5 A SBE AT 0 Bor A3t % 1% SAPHIRE #f
FE22 AN EF - ST R E AR RBEHES TS
ERABIHALHRAETGFEE A AR KR ELEHIE A

A S SE ST 3

I-75



10.

11.

F > gL
%3 f’f
IAEA, “https://infcis.iaea.org/NFCIS/Facilities”
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g B, AR P AERTIE B IR, Jun 2016

Bruno Thomauske, “REALIZATION OF THE GERMAN CONCEPT FOR
INTERIM STORAGE OF SPENT NUCLEAR FUEL - CURRENT

SITUATION AND PROSPECTS”, WM’03 Conference, February 23-27, 2003
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2.8 &

The objective of this project is to assist the regulatory body in strengthening the
technical review capabilities to examine the safety analysis report of the indoor dry
storage system of spent nuclear fuels in nuclear power plant decommissioning. This
project is Sub-project 2: Study of regulatory and review techniques for sealing and
structure analysis of indoor dry storage system.

This project focuses on collecting and studying important issues on safety analysis
of the indoor dry storage system of spent nuclear fuels, with special emphases on the
sealing/structure. The key issues in reviewing the safety analysis report of an indoor
dry storage system was identified and the corresponding rules was proposed. The results
and experience obtained from this project will facilitate the future review process of
similar systems in Taiwan.

According to the collected information, the topics of the safety margins applied to
both indoor and outdoor spent fuel dry storage facilities were similar. Also, the
establishment of the earthquake-related design basis is based on the strength of
historical earthquakes. However, the light weight metal building in UK is only used as
weather protection, not safety protection. The standards of canisters in all the countries
are based on ASME Code. There are no differences between indoor and outdoor sealing
standard of canisters. Furthermore, the salt deposition amount is not enough to induce
stress corrosion cracking (SCC) on stainless steel canister surface according to the salt

deposition data at sea coast of Taiwan and SCC studies in some counties.
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AL Indoor Spent Fuel Storage and Safety | Electric Power avelogue.blogsp | chstar.co.uk/news
Protection, Seminar on regulations Companies, ot.tw/2010/12/h | /go-ahead-given-
and technology of spent fuel interim Reinforcement of abog-nuclear- for-sizewell-
storage in Germany, April 19th-20th, | Measures for Spent | waste- nuclear-waste-
Taipei(2017) Nuclear Fuel management- store-to-be-
Storage (Spent Fuel | in.html operational-1-
N.Wetzel, O.Rabe, Loads imposed on | Action Plan), 4832100
dual purpose casks in German on- November 20, 2015
site- storage facilities for long term
intermediate storage of spent nuclear
fuel, 14th International Symposium
on the Packaging and Paper # 233
Transportation of Radioactive
Materials (PATRAM 2004), Berlin,
Germany, September 20-24, 2004
WRILT ERRCS TR RIR RS SHEE 2 ITERE AR ek 3RS 2
BAHRE DR o € % GBI S R S R FAei R 2 R 0 B TR e

BPRSBOREZ 2L AR ERART

T oo T EREE e BB EERF N GF JABA 2 R4

BAE L FRAR B e
LS RS 0 R E R

MR
B AIE

A 5% 3 & {7 (concrete floor slab)&_F it 43

ARG T § R S

’WZiI%\

Fl& @

B4

FEAGEH 2 EE o ¥k mRE AT Y

. ONR 2 3+ & 3= G 47 ¢ B » i if

L g 2
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170 St B s F M FES

[12][13][14][15] -

PSR G ZRGCART RTINS RT R

Baikos AR 2k da o R E P X Pt R At Rk
10 CFR 72.102((1) 2 R 2> 1A * B+ PR AE 3 p7 53R 2 Rk &
Bt PR kb tric TR KA (P - B 0.3g > 122 B 0.4g) » Bt wt AR

TR EP R R R R
TR GRS RER FEAF 2 m R K

F2 A (100 & 7 1 R)R g2t

% £

RS SO

L5 S S

X ¢

h e
=
)
JraN
4
=N
.

FoAARTREI IR GRS A M ER

EFAECRGBELG S S ERAF S 15 ARG R A S
2R -

L3RBT 2EAR
R 7| LR P& i )
Fi % | Atomic Energy Act | T = 2 5 & a3 4 R4 ENSREG “Stress test” ONR LCI9
ESK Guidelines LRLRMNF24F - specifications
TEEFv Agap
Lw) e
B | pE ARy | 7 RREEAYRO | AFRCBEERRY e 2 RS
KTA 3902 ® # 4 TR R A TRA D | 89m (B 4 EiEPPa g 2P
] B 45 AREICEFERMEG 16 | ]) K3 Rk | SR  TiREF
KTA3905 * % | & (@ % 3£ » Bl Y4 F P R iF o2 W BT
FED AR s ) B H2ZER Sizewell B % i3 &
KTA 3903 p% » 3 BREE R 0.25g
S R R T AR A ZE I ER
#op G2k B E A7)
| Bl dgs KTA #* FpTRE R O | Safety margin
2101.1 [l ’f#ré LN ) Assessment COVRA
.3%%#DIN4102. ABITET LR E T
A(VEEILBE
D)
# 2 | KTA2201.1 Typ T2 ¥R BT Safety margin
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DBE intensity > VI | A% 2% 4 £ 4, 2 Assessment COVRA
Slightly damaging | 4 4% » Ax > % H-4~ &k | DBEO.1g
(3 B MSK64, | B2t Cla > T 1.5 1.0
12 gp EMS-98 | 2 15 h#e(Ch) 0 5ET
2 R REE)12] FzrmiS%En,
3.0 & 2 1 % HE[16]
# 1 | RSK-guidelines (/n | & * [F¥HBEPFR %K O Safety margin
2R | AE£% PWR ) =¥ HEE SKE O Assessment COVRA
# LR AR ARICETLRAE 1]
B prsg = enife | & (PR 6 o R I
FHEL LD L2 G o) % 2
7
%k | KTA 2202 @ FVERET RS R O Nuclear design level :
BB E ORE O | 9.96mNAP
el | por b ImE st | AR BT 285 11 | Safety margin
FiE | P2pEatd A (PRI 5 ) HF (2 Assessment COVRA

2ot ) ¥ 1

7

G2 &R 52

S Ao kA R
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6.1.1.1 & &
RRE REFPATRDOSPD G ABE 2N FHFRS T EPF 2T &

Bk % 2P0 BB HRSRE o BARE 2005 70 1 p 2w LR

I

R P PR E D] RS R KRR L (iR EaE L D] 1994
) z@_waé’ﬁ@ﬁémﬁﬁﬁoﬁﬁﬁﬁa*gﬁﬁﬁ?&’ﬂﬁﬁ
EF PP P TR E R R RS PR N DR R
PLE_40 £ o F T gENRT 2 B ReT SR [18]

1. Zggr Hf o wdHyE i

2. Y ZF pRELAr

3. PG RHE LR BEF B RUD L s R

5. U PR R gL P BT chpE B
HAET R ORES BT AL R RRE o - BEAT R AR
(Atomic Energy Act)% ESK * i 4% 3 %4421 57 5% B¥ 75 % 7] (Guidelines for dry storage
of spent fuel and heat generation radioactive waste in casks) » #§ &4 1# & : KTA 1302.2~
3602 ~3603 5 ;5 -k : KTA2202 4= &€ %k % * KTA3102-~3903 > if 2 : KTA3901 >
' P KTA2101.1 ~ DIN4102 » 43 P BRCF B ESRSKApa ~ 1R MR
9 BMI % > &2 ~ KTA 2201 » 4 ¥ : KTA 1201 ~ 1202 ~ 1404 ~ 1401 -
A 2002 & 11 %k > "$ 7 3 & Ahaus ~ Gorleben 2 2 North (g ? ;% pv 334 %%

)

do AT I3 EPTRMETFFRG[19]IFHFERL40E 5T 2 ERT
P PR R A ’{fﬁ@ﬁwfaﬁagﬁir?g@g,i,ﬁﬁn&
SR Bk AR F S ImSvye mIRF 2 G0N Pz Adort T
a. STEAG concept
® o STEAG encotec GmbH = & 3% 3+
® PEL:ILREIRHCEENI2A EEERYIIK 0 B K

bEgE
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b.  WTI concept

d  Wissenschaftlich-Technische Ingenieurberatung GmbH = & 3K 3+ <9
- B BT R 7 0 £ 02> Gorleben - Ahaus fr Lubmin / Greifswald
HIEF 3K % o

PR R 2N E 07 K508 K EEERGE 055 4 > ¢

B IR B cha Bt 3k o

c. Storage Tunnel

B+ s 4% (Neckarwestheim) » 35 3]t i X5 Rk d igg |
Bz e e

Bog T et BEELIREY A EF A 5 E A 4 o
PR ORI R A TR R 2R F R
SEA 12D 28 BH LR RALAE TR 126

A FHTE o
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(a) SETAG

(b)WTI

Tunnel-Concept

Legend:

1.1 Social area

12 Entrance hall

13 Room for auxilary
devices for cask
cleaning

Tunnel 1

Tunnel 2

Connection tunnel

Exhaust air sturcture

Escape structure

DO OB WN

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

(c)Storage Tunnel

B 2AE R E P SCRTRL >
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6.1.1.2 p »
£11994 & 97 > pArig 46 BRE * -k F BEEOLWR) (25 # BWR 4
21 #PWR) > &% £ 39GWe: {ibp 288 T 82 309 p 24> G5+

PR A R A A R A ARG H R AL R ot B TR 4 RAGR
E AU R SRR R R o S R e - R U O S R

|-

(TEPCO) B % 1 it i IFi > (T RBPERITE E R d GRS 4 o

)

PP R G AL RS R RO K B P W ROE ) R

X

=

¥ D Do B R M TR o d R R RS R S 2 A

W

—?—

,:L"

-

5 o B 5 20 BRFE R 0 B A AHAL S

ﬁv
B

AR R BRI RS N 2 S R

\\‘

K oo KK AFTRTR # i o
MBS Bk e B b i 0 B B HF FE RN AR “f N IR
¥R 0 A4cB] 3 P17 [20] ©
wﬁr+W+%;ﬁa%§?ﬁ#+wwm%*ﬁ R EE R

KISICRE LS F o RUEFRFFEoPTE o BT E F R A A (skid) ¥ R
FAY MBS ACEWAPIEEE D LI AR FIRRT G F A AL RT3 T
FEOBRLBYRATARINHF L RBZLTRRE ¥ N RGF AR 208
RerE T B2 % N Z R Rdtst i 2 B4 R PIE o LI ARPER o] 4 A7or
[20]

WY BBRF DD EELS L BRI E FIopr e kol 7 % L4000
B2 R+ a0 8% 2 *Rgi; (Nuclear Security Series No. 13, Recommendations on
Physical Protection of Nuclear Material and Nuclear Facilities (INFCIRC/225/Rev 5),
2011) - HE A BRI R PR o AT AR REYEN B BRE S
HE O FARASGHIANFTLEN £ hF S L% 20

PHESPRRFRL BHRRABEALBITEILAE S
1311272 5 0 fF 2k = Rd = erdf T 40 % 9 iR 4 - 4o [16]:

1. *EPFRRERETEERS R LS RELE RN T o
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2. REABEAFAIL AT RGN BT R RS 2oL R4 &
ok A EHAEeETE

3. PP IR G RS AS A T aHT BRI RPN AL AP
FL P RAERTEY 47T 0 A AL 2H4 02T LRI T

4. WP RREIFERGE EF FIRAK RF LA RRA &L A2

F ol 42} WU 3

Storage area

Reception area

Dry storage cask

Bl 3.5 % S L

Air  Storage  Air

Dry storage cask inlet building outlet
N\ l \
. " | Monitoring:
| , 4l i 1O Temperature
n Dry st?rage cask o loRadiation
B | Skid ™~ ! Confinement
i | = sy e
1 1
| | | |
" Reactor | On-site ] Dry cask storage facility '
building transportation

B 4.7 B+ LT 3 R A
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p A~ TEPCO - Sekinehama =:$ % — A& * B8+ 3 %l fh= 2 NPT 33K % -

Mutsu Recycle Fuel Storage Center » p#* P73 3% * £ * p * -4 B (Hitachi- GE)z

&

FE A 2 £k o FMARS 2 BAEAe® S T 0 R 50 # ARkt

—‘%.5?"“ 23 P B+ 5000 = g P AEom P pFaRIETERT B pTF 40 £ (8

TR 3 GRS B A AR e R L R LR
PRt b
® P p AR N FEL e

@ LR Y IBlII-FR HR2FL - BH-FEHYWHE-ZFTHFEBAE:
4154 o
® G RRIp AR MU R e RS O NELEESFALBE B

® KWHFE ZGURAFITL A LR FAFH KX B

PRRFR R OL R

® jUSATIOE FIRER T NRA F 4 0 R A BB R S R
FHL el LEL 24 R H B R

® NE2LAELE EREREARNE (RS BEFT BABE FF

BIKE )T HTRIRE - FRE - PP EREC SR
#=fg) -
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(18) 96 0mx (B1TE) $HH130mx (FE) HI30m (3, 000 FUREDIFES)

Lillil

N/

Air outlet part o\

E:> : Flow of natural air

Air inlet part

1I-23



./m

£BETRIDHER _nm

2 R : #95. 4m
N #® : $92. 6m
ROES : #925¢cm
& B : #340cm
' B : #9120t -
- IRIRAAERH : 694K @y
HSUER #I0t N

/{z‘:!éw 420
/'-‘FTI-?I'\L\H

LEEYRY A A—TUE

B] 6.Metal Cask =342
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6.1.13 7

HABOG ¥ 2 £ i3 eng £ k> o &% 0 F % 203
(Passive Safety Design) » ¥ i 5 M g % o L oh > St AP & 2y i FRB
EA TR %#‘—*w ° pT 1% & (Storage Vault)2_ &K 3= » & 3 #4537 § £ - K g,
GEEPERZAFTEE X2 HFHPE THRERE S E D o

HABOG B 54 23 2304 > P 8-L 8RA L BpT 50— WL pF 327

<3

FEL TR RPN SRRSO T - A T AN
WY B P RS F SRR B o § OB S IR B S
FPEAKMAGINPTFGTE A DT FPE S RN B E I B R AERAS 1T
G RE BB FIBHELE TGS RS A BT
Th PR E G F U LIRS Y EEBAERP L D AR
T DRI o LR ROTI0L B L g B Al o B T
= N5 g w & BNFL 2 @ 40 Sellafield p7 7% g 2 % B Cogéma = @ ¢ La Hague
PR3 FuokdE c HABOG ¢ & (v ¥ % > Rl e B~ g4~ BRI =Z < RA>
HpztEp ik %4 2 W ANSI/ANS 57.9-1992 4ph 4 » & ¥ B E 1T 2 R
()3
(@) B+ A F SRR F R DA DB e R
(D)3l ¥ Fdg o B e s be 14 3 <
@ )
(a)* B 1%+ ¥kl g 12 @+ o2 o #|(Neutron Absorbers) 2t if § et 71 =
Vo0 i B adF A= R (Sub-criticality) 3 i o
(b) § e E 7+ Yl F b A R b e Ry s 4 e
(T3 ¥ e P+ WA s RERFBRE Ly £479 X

TAHBI V-3l s ABRDETFE RGOV R

@7 2 it ZRIH 54~ B R L A FA
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L4021 g 4 - HABOG $311 T chE A% 2 5%
(D53
()% i 12 YR F L R P R 6 0 ¢ 455 e R b
WP HMITRF e R ERRAL BT
(b)FF i3 s & B h 17 2% BR 2R A
OFF TR oAriE K~ VO~ BIF S F B S ER o~ F R BB E s
BeRpre BHEE LS AR ARZ E 2 (Design Base Accidents) > 14 Fx
TR ED REFTLEANRER S BT o BB IRS A FR P S
BB KT 0 KA HF iR
() #1:
(QFE %1 ¥ 2 B ¥ 7k (TR T & & A (Reactivity Factor » kefr) 35X i& /| »
0.95 » M F IR o
(b)ie * Ao N 7 F B k5L, @ € Aent S VRN B ks R e
FERHE LI B H R b@%a%%%o
(€) & Bt bf B A L3NG - AT R/ o
(3)E Rl
KWHAR & 50 BAMDF AL PTEE P g BN FPF A F s
R R T E RS RS EX L BRI Y TR RS
PRI RN RO R R RSE R 0 25 KI5 R

?F/n'?’rsfﬁ—i‘ 3@/}%‘,‘,#/?]{9_ ’E_ﬂ#lfﬂ’l o
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non-hesd-
Qenerating waste
La L s “I
-_A& | m M o

# 7. HABOG At 5 47 & Hl

3R k2 B % B & @ R K3 A B (Design Basis Earthquake, DBE) » f

oAb Ao RT A RS 01gy £ 4viE Rk ASCE4 2R 2 5 2/3 B2k

T4

it R

B s ﬁ = oeE R Ao T iE[21]:

1.

NVR 2.1.1 BWR » PWR 4r PTR #% > # iy frie i 2 45 - IABA % > Hp| %
50-SG-D1 -

NVR 2.1.2 5 % Fuerfr X 53 - IJAEA & > 9] % 50-SG-D2 85018 i o
NVR 2.1.3 % § e chifsh & Sfrdp B 4513 - JAEA % > ¥ 7] % 50-SG-D3 3¢
W} T o

NVR 2.1.4 f7 2k p 3R A 2 sz 2 & 4 T Bl X F & o JAEA % > 7]
¥ 50-SG-D4 55 & 71| e1ig 2T o

NVR2.1.5 T Rkt 7 Menth 34 S % 2 o JAEA % > ¥ 71 % 50-SG-D5
g»fb o

NVR 2.1.6 % % Fu e et B v L 420 5 a0 @ k5t o JAEA % 2 7]
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¥ 50-SG-D6 5 & 71| eig 2 o

7. NVR217 ¥2RBETR 5 IAEA & 2P| % 50-SG-D7 & & 7| it
o o

8. NVR218 7 fi¥ 240 M k% frdr 4] % »o - JAEA % > %] % 50-SG-D8 %5 -

9. NVR 2.1.9 % Fudg b7 %3+ 6 o JAEA & > Hp] % 50-SG-D9 % 7
HI1g 2L o

10. NVR 2.1.10 $ % Bt A2 fo3% 2% & 5t o JAEA % > 1] % 50-SG-D10 %
i 7| ehig et o

11. NVR2.1.11 % & Fue— &% 2 R Pl IAEA % > ¥ P % 50-SG-D11 5
D=4

12. NVR 2.1.12 ¥ 3 % > & 5ok o JAEA % > #7]% 50-SG-D12 % % 7|
H1g 2L o

13. NVR 2.1.13 +2 7 B4 el dedp B 5 50 o IJAEA & > R % 50-SG-D13 55 %
7 g it o

14. NVR2.1.14 7 fiYp = % 2% - IAEA % > ¥ 71 % 50-SG-D14 5L:hi i< o

15. NVR 2.1.15 3 fu o B3k 3t fe % o IAEA % > #7]% 50-SG-D15 5 %

7 e

ST X 2P R SL2H REK ] 2P SL-2 FiESIE G iEH
Sao A WITN > RUE G R T R o B S B T 0.1g i B F
deig B (40% 2455 50-SG-S1 (2374 1) % 504 £ ) bR e fm™ > §i
TR - WARFT R R g B XY TR TR S A H RSB 23
(#5 SL-1)- B R TR/ 7 S Jed » { Faveh REFFEESL2 57 7
% g & o F A W RPE B kAo (WTHEOTEY) % 2

U SRR SRR e A P nd 5 0 R RfrTk B 4 X st

o R e At o
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L pBeaud ¥ 47 5% 254 R Ruy o
2. 7 MAmITSL24rSL-1 62 25 F F > 5% 2459 50-SG-S1
(3375 1) 7% S30A o S Hau R F Raw W F 47 588
A R [22] -
hrd K3t Solie (Gl4osBid > B B > G B £) &7 BT R
a3 PSR ARNERMEE S (LEERME - Bkl B
B) B EH RANE MRR 7 T BB E S (oG UM § B
) Bizgiip b ey B RS2 2 PRS- Ko BERERT o 050 B4 K

13 R A3 5 R sk R (Ao 41 > B AP A fort it ) o

6.1.1.4 & |
#= Wi % > ¢ 415 = (Office for Nuclear Regulation, ONR) {= Environment

Agency (EA)«= /E 7 & Best Available Techniques (BAT) =& < o 3 & ONR *t 2014
# 1% Sizewell B 578732 A3 4372w 3F 2 (Project Assessment Reports, PARs)
¥ 7 # K& EDF energy = 7 B 422 1% Sizewell B 2_ §7 ;8 BF 32 # » Sizewell B 7 1
Fohb p LT 2 R F G

1. 3 +c Sizewell B T B * i+ P8 2 7 &

2. WEP TR RN YRR S

3. ERSCREEE P2 L AR

ONR 2:* 2 2 =% EDF 2 P 2 gz pr 32X 2 A4 1784 > X 242 1 &
» 3% fp i 54 47 (Concrete Floor Slab)3k 3+ 2 i # {2 » 3= ALyt PP F 2%
DS ERES AFERe B2 E AR EF T2 X > FE 0 5 ONR 23

wisF & T35 EDF o @ B 4218 {7 Sizewell B 2_ 37 7% Bv 13 3k 252 13 2 3 R [13]°
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6.12 Z P FZRTR S 2 BHAPMZRE £471 5
6.1.2.1 L BI#F4% * Sl 5 & HaAn B i3 2

WEE P FS R RTOF RS0 D Y EET AP aR S
HIF GO R X TRA R B X R S TR B A 4 A | AL g < R SRR
TR REBRE TRV EFEFRT T GG ENGEMEBARE VL KRR
% #z(Design Basis Accident)4e fh # k SeF g~ v s B R0 B iz Ao X
3% %45 KTA390223903 {3905 2. 4> 1 ¥ g2 b 3K+ § % 45 KTA2101.1
2 BH R 3R #4p DINAIO2 2 58 > v {E @y i+ 2 5§ iR

B ¥ REIGRTE 2 R R » R4 kyp KTA2201.1 2 346 2 376 & 54

FRRPARL R R AP Bl RPHASF AR RTI GHEAS G L

B P RF RN T ARSI E AP RE AR LY BRAR 1 BEaer B
FE S R AR (P 2R KTA2201) FI0 7 3 4 R R
I

Bk o 5 R R eid B 20 m/s hR AR R PARBTE R feid & 0.1g
(1m/s?) B & 0 B 5 2E 8% 4 45 %% RSK-Guidelines for PWR, BMI-Safety
Criteria for NPP, KTA2201 ° p773 22 @ 75 78 £ & fo-k ¢ ix 45 DIN 12056 = DIN
1986-100 3% 3+ » " & 3 & ¥.& 5 300(stha)' > K ehd K FF R 5 (AR A
2152 (shay' > A okHE S 4 0.5 0 AFR B AT G APT R o R G A s A Y

PRSI EE F T EEA KL TR ATFIFETER R

6.13 TR MR EI RS AR LR

BRSO RN i w o R oML B R kB R
ZF R FEIYFEITEE S DEMER T G Sl T R ]
F1% 2 BAR B - 2 s o R 2tk Pl N RRIE L

ERE VRN SR LR STV ED ST

\F‘b

FYEP BRGCRTRS L #F F kT > ¥ R SIZEWALL B 2 4
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SL AR Y- 36 00 FlRERY FiEr B ERUE R LT H TS

3
-
-

B R E et el o o 2 B ARG AR

24 AR E SRR RS R R

ﬂ‘ﬁ‘&; BRI RS
EUP'Y & A H R =~ NP ¥ B
B 4 |t o B jra 4 R T B A Jrae 4 i
RRME | RARMS R R AL AL
B EWE SRR TS WAL
=H P B w e q REEAFRY 2 B RG
RE | FRAED Y W% Rk 2 s 3 AR Mt
REPE | WIS RLTGER M SN REN I RE ¥
w4 B EEIPLE AR | &R AR PR
SR AR TR 3
SR e Y

az%%*%a%ﬁ&%ﬁﬁ&%iﬁﬁﬁwﬁw

6.21 ENFICHARTFRALALE VR

2

PP GEN TR A R R RS A AR A R RIS
T pERNERRIEENS o P R FIETF PRI FRA
+ 33 BNG (British Nuclear Group) fuel solution ~ GNS (General Nuclear System)
Inc.~Holtec international ~NAC international ~REA ~ Transnuclear Inc. ~ Westinghouse »
NFT -~ Hitachi # Mitsubishi # fiFo *7T2 A2 PANASET 27 3 F

KRB ¥ L2 LRI RT R RASHEEIA 5P [31] & kpFE
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BEa B2 g A B Dol R W S R e A R

ESBFEL AT LW EP S WY PSR A

R Bt A Prir s da A5 | BT HORE B =
NAC MPC 1 RE2HEH A i F
UMS 2. FHEHIHF

MAGNASTOR | Gx 1)
S/T series 1. & B4
2.7 % BHEF
Transnuclear | TN-24 series 1. £ H#EH
2. 3 F BHEF
NUHOMS T R A 2 A 3 F
Horizontal A eGL2)
Storage
modules
Holtec HI-STAR 100 | 1. £ 4
2.7 it
HI-STORM 1.CFS % # Bt N A
100 2.7 R4
BNG W150 1Rt S R T
VSC-24 2. Z A F
GNS CASTOR 1 &4
series 2. 7 7 % AtaE
CONSTOR | 1. CFS i # € R
series 2. 7 7 % AtaE
Hitachi-Zosen | Hitachi-Zosen | 1. & &3 44
storage cask 2.7 F % IAN F
Westinghouse | MC-10
Mitsubishi MSF-24P
MSF-69B
NFT NEO-
2521/2561
REA REA-2023

L REERHME A LR RS FAP R L 7

RS N Y N

2.V e

AL At 0 A G A R PR AR E

® &

M of

Y ok
Rl & e
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BRI WG R A o R S P2 %3 (Canister) -
kTR LB R E RS BT T - R BT R A T REY
HEKH T LB 8 #77 o e 2 iR 2 SR dp e p IR ARLE B iR % 1
RS g S B T TR R F SR A F o PR N P R
o4 #r(Passive natural convection cooling)2. #c% > b #8775 fi-3% & Transnuclear
NP AR T L R

LABEP a3 a2l a7 o i RI2ZBHEEFEE - TRE

2% R S DR A SRR SR REAF 2RSS S H L S

3. At F kTR N o NERITE G I 0 PR R R o

SRS
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AN ISR 0 R P W E R B 2 i fa(Caskp o
B LB B 44k F(canister) o B or AP BT 2 2 N o TR R iF I R
oA~ Adra % 2k {9 s fadk o A RT3k kI e R
AEVRAGABPERERRIERAG S o ER LT R R 1

TABRMA > AL EBRRANES -

&
ERVAS T R LR R FIE S R R 3R

e

FROE AR E Y A BTN S 2Bk A R 2 BABH > S5 Yo
W PRI R A A BT o ¥ ERAREOTIR D GRS
SR A R R L 0 R R e R E R RO B &
& 54 RS R T P PR EE R ok~ L ¥ # (Dual-
purpose ) FE f8 o & HE SIS BT R & B e Fo P A1 GNS -~ Holtec »
NAC ~ REA - Transnuclear ~ Westinghouse ~ NFT ~ Hitachi ¥ Mitsubishi % = &

T AZ A& BGREAET TE R ERPR TR

bR 2 44

MR G AR SR TR Bk i 22 C-H-S Al d TR &k
AP e B H AR R POT L L B o Bk S A R
BEh W fies 3 RRARPE (FI7 0 ¥ 0 pr s R mas v) ¥
B LR REF R R M e R B EREE R R GNS 2
A ak)od *?ﬂﬂ?ﬂﬁ‘f’@"# ZAFF RRTEOR TR Y EINDA R
Foe & A RCR RAP B PR AT BT LR RO T ) L R
W (Q)E B RAE AR BRI ERA 2 W 20 R R sk
Vo R REREADIC T ERA AN EFE > LR G o CASTOR £ 55

L4 5 A# SH 3 E CONSTOR i #|émR gt #4 N FRR%E» %3 fo
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PR H TR IRk 0§ RE DR TR R S s UG

[¥N
E=t

-

SR FER Ao ARG B AR OERE > Y BP0 B RE S

R RD BHEY  PRAEIBRLL R K A IR A FARALER
(Ventilated concrete cask, VCC)z & 3+ o s fa p B2E R atdp f ~ ¥R ¢ ~ v
FEERERZER » B E p ARRIECRIBY T o |
NUFRZF S HORRR T F B NG o PR TA otk o ERFE A
SR EIERT A ROENFHER S EEMRFTERT AR -
FERFGRALZSHEANW PREE IR OREIER T RA G-
A 4% 55 R 5% 4 2 4 (Reinforced concrete cask, RC cask)¥ 4k & B ViR 2 E 4
(Concrete filled steel cask, CFS cask #¢ Steel-layer concrete cask, SC cask) o — #&
3o CFS el BUTan 5 23l S e il 4 ol s & > § it shmt 4
o2k RFPeps vk RAQIEN A pHRF o PRRELF LD
7 BNG-GNS-~Holtec 2 NAC ¥ B 7272 2RI M F e kg o
BiZP LR LRPELTRTEY o NTRIPLST2 A2 425 78N

#_ FeE N H B FH ﬁg/} °

6.2.2 HI-STORM % 5
HI-STORM(Holtec International Storage and Transfer Operation Reinforced
Module) & ¢ 2.7100” fdp & SoinE 2428 100 #f - B8k sud %4t & B F

(Multi-Purpose Canister, MPC) % »*— & 4+ 7% B R 22 [8] -

6221 % & %

a. WM
HI-STORM #t & 22k 34 &+ &~ 5 = #4F A:HI-STORM 100 ~ HI-STORM

100S %2 HI-STORM 100S Version B » #x * e £ 43¢k & 52 5 & ~ MPC £ &
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cedivilgendB mF o

-~ =

A

S
*xr

;ﬁ??ﬁ%wkﬁmeﬂgigﬁ‘
Fﬂ s Y R % ¢ HI-STORM 100 3% 3+ LFL# * 2 HI-STORM
100 ~ HI-STORM 100S % HI-STORM 100S Version B °

HI-STORM 100A & 4175 B % Vit ? @ & 4175 Ben®a) » Mo A 2
& 3% (gussets) * >t F g ¢b & %53 ISFSI 47+ » H_5 4 s Rk > HI-
STORM 100A %X 7 = B %754 2 (sector lug) » 4Bl 9 #7771 » p* 45 BE - & * *t HI-
STORM 100S B]= % HI-STORM 100SA ¢ & Zzk > e pt k3% i * >t HI-
STORM 100S Version B » HI-STORM 100A 3% “'J’FL%PE' i * »* HI-STORM
100SA -

HI-STORM 100 st & #3340 B) 10 #7177 » 2 & % R f§$iiﬂfr
S5 METCONTM 45 £ pris & 3454 il cha & B4+ 5 alds > (55 &
Fer i A AL R > RS ¢ R FHLR AR BAREE L FLF
CHIEFTIHFLRAIMAGY FE LS HRNLE S Dk P\;o«% N IR A

o ErRe s MPC et 2 51 B3 3 > 7 F (i 2548 4 PE i§](non-mechanistic tip-

OVer)FF 2. F &t > e PEV A SN F Um0 & HF BN o KREIE G 5
Mg v R P MPC & p AR BB/ BF BB f r o 2 B

FAF N TAE LW EAETE k2 P T

~

HI-STORM 100S % HI-STORM 100S Version B & 3+ (4] 11 # [ 12)& HI-
STORM 100 ¢4 4L if 49 B et HI-SSTORM 100 6% § i if 2 91 © 24 it 7}
sRI TP RRMZFUFELE G v T FUHE YT T ERRA
2 B o @ HI-STORM 100S % HI-STORM 1008 Version B 7 F o1 v i 3 3K 3+ &=
W EFEPFAPIN IS gL 2o R g &

% ° Y} ® 4y (Threaded Anchor Blocks)k ¥ *t¢h ¢ K BN LR fh iT ¥ @ * » 4y
B EERE = B oyl ¥ iS5 v (Radial Plates)4% #+ #F @ Bk
STORM 100) 7 # » v i if 2 -k T 4 (HI-STORM 100S) -

R B B RS TR 4B MR B SRR BRER

\
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OUTER SWOLL

ISFSt PAD

VERTICAL
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BASEPLATE EXTONSION

: McnoR
NEET0M: At STUBS/NATS RING

] 9. HI-STORM 100A & HI-STORM 100SA ™ = 458k

3«‘%
B
\8

SHIELD
SHIELD BLOCK / BLOCE
LID STLD
L10_TP
1, SLATE | [ &N
SR —h
PLATE EEETE
[/ EXIT VENT
/ — SHIFLD
{EtEre
DL JLNE. 2001
— DUTER SHELL
/
/
© | INNER SHELL
P
RADIAL — QuTER
SHIELD /_ SHELL
TNLET VENT —.
HORLZONTAL -
ELATE
A - .
BASEPLATE |
N\ N EIESTAL L BASEPLATE
INLET VENT SHIELD
SHIELD
FIGURE 1.1.1; EI-STORM 100 OVERPACK FITH PC PARTIALLY INSERTED FICURE 1.1.3; HI-STORY 100 OVERPACK CROSS SECTIONAL ELEVATION VIER
PR R o 60PeAk RVSTND | | ooy 200204
REPORT HI-2002044 FEVISTON |
REVISION 9 \PROECTS\S014NHT20024445CH_INI | |

FEBRUARY 13,2010 Gi\SARDOCUMENTSNHI-STORM FSARNFIGURESNUFSARNCHAPTER-IND 1,3

& 10.HI-STORM 100
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[
LD SHIELD BLOCK GAMMA SHIELD .
{ CROSS PLATES L10 STUD
LID TOP — i & T
PLATE N og
S EXIT VENT
RADIAL —
SHIELD
DUTER SHELL SHELL
\
OUTER
sl
| — IMIER SHELL
RADIAL —| INLET VENT
FORIZONTAL  ®
SHIELD HRIZ \
GAMMA SHIELD
CROSS PLATES
y e eegesta N muserLate
BMEPLATE\\ \ SHEL PECEST
_ INLET YENT
;E‘%EEB‘“L FIGURE [.1.345 HI-STORM 100S OVERPACK CROSS SECTIONAL ELEVATION VIEW
FIGURE 1.1.1A; HI-STORM 1008 OVERPACK WITH MPC PARTIALLY INSERTED
REPORT HI-200244 ReEvISIon 1] | REPORISTORHTRFSAR

G \SARDOCUMENT S\HI-STORM FSARNFIGLRESSUFSARNCHAPTER-1NI L1, 14 FEBRUARY 13, 2810

8 11. HI-STORM 100S
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SHIELD
BLOCK

BOLT
SHELD —VENT o LID STUD
CONCRETE | SHIELD LT
‘ SHELD
ATR R RING
OuTLET
i3 |
& TR ChANEL -
OUTE: TOF
sﬁa_f\ ./_SHELL _}_/ L
RaDIAL | RANIAL
o S ANGLE
SHIELD—._ | | s I
PL&
ToPy
SHIELD H7
CONCRETE— |
| —OUTTER i
CHANNEL—— SHELL : =
! EME
| PLATE
| ——INNER | STRAP
SHELL L [/_ BLOCK
S| ! —eor
| MpC L CROTTOM)
BASE NN
t
EE[;?E Iy
VENT
FIGURE 1118: HI-STORM 100§ VERSION B OVERPACK WITH MPC PARTIALLY INSERTED FIGURE 1.1.3B; HI-STORM 1005 VERSION B OVERFACE CROSS SECTIONAL ELEVATION VIEW
FEPIRT HI-200244 FEVISIN 2| - [ferer rameeens | [ 7 |
ChSAR LOCUMDTSHI-ST DM FIsiFIARESF St AV HT-0FTG 1D v DSBS ST P FIRRES VR REV_ PTG LW

B] 12. HI-STORM 100S Version B

g

1. HI-STORM * & #% % 3+ #4 & @& * & ' & # 10CFR72.42(a) %

o

10CFR72.236(g):& {7 .4~

ﬂd\

2. &

PO

it

ZREI Ay e d

%

i

STORM iR+ ¢ f i #h 7 K 2 radialribs & 5% 45 B b frt = F o

HURES EHH I H-

— A AR RS E P ] 4 SRS 22 o HI-STORM ¢t ¢ 3R
AL T2 R RL o ARSI R RREREL DR RR 6

=

z

)

BT A TR A R A B LETE > 227 F
P S R

30 RN AR AT HE CH R RSB E)F AR R R
SPUR R R A N B E 2 ¢ 0 Bk dh ACI-318.1-89(92) 3 B

i e
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4. HI-STORM ¢t & R g8 1 55 & o B jr it = - R £k 35 ACI-349 -

5. ¢h & Kedw gkt 2 Wl %k iz 45 ASME Code, Section III, Subsection
NF for Class 3 plate and shell components » I 4r + NRC #& e it * % o

6. *t& X E A & F (Normal) ~ £ ¥ (Off-normal) % & 3+ L & &
#2(Design Basis Accident Condition Loadings) » %% % 4 pFfz i% MPC %

21
F

TAA R EET UL EREESE . AT RFUZEET TR
7. e EAREEP AN RHH AL MPC & B FHE > e &
R MPC & B F iR 4 b B jEanst i o

8. %4 MPC 2 3k iv424 3 # & 10CFRS50 -

6.2.2.2 MPC % 4
a. HH@A
MPC i FlHL)4 44k F > & — 48 MPC ¢ 2 % 4 IF (6 68-3/8 inches) >

B % 95 190-1/2 inches » £ B & 47 b 4|k 7 73 220 & 574 (BWR &
PWR)Z #ic® 7 fp - MPC & i & 5 %241 3% & (Fuel Basket) ~ /% % (Baseplate) ~ 4% &

b & (Canister Shell) ~ *+ # (Lid)fr % # 3 (Closure Ring) o 744 & % & 45424k 7
PRl PRHBAEMPCaF M EAG 0 HATL L FARD e LAY 0 T
LR IRE B R G A AE S AR > EE SR EZERL R Y o MPC

ém?ij’,, “fu’ ‘,H p‘ __"

ot

Vi s - KA DR i R 454 (Edge-welded)>t
BB EARY ER O B E Y Rt B L RIRA SR AR H
AT R} FIRLS AL e RS R PR E
dERFUFEPRI T UBIERICRF R IR Y AT R HIRE
KSR BHBROGVERSRSS N FEBHFPEE P E - MPC 7
FORIER OHAL Y L5 F 41E =k R 2 Type 316~ Type 316LN ~ Type 304 ~ Type
304LN = £ % b4k e & o
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B 13. MPC ¥ # &
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llllll
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KPR * & 'Uikp 10CFR72.42(a) & 10CFR72.236(g)iE {7 A4
MPC g i* & 3 p 0% 3% § (Internal Fuel Basket) 2 ¢ 3+ % %
(Enclosure Vessel) » # #& MPC ¢ & Jp3c ¥ PR32 @ 5 7 ok
# X3 & 8 L3195 ASME Code, Section III, Subsection NG » £ 4c
NRC # e > % o ¢ 417 Bk 3+ % £ 13 1345 ASME Code, Section
II1, Subsection NB » £ 4t F NRC #& ik it * % o

MPC £ 5 $f3cdt{d e B % dferocsk » B Rk y T g1 ar ¥
BA:2BEROL AT RFERT AR o HRT MPC gk &4
% 100psig~ B # ;T 5 110psig® & P s 5 P ME h M LR
4 4 u] 5 200psig ~ 60psig(i% 5 ANSI/ANS 57.9) -

MPC 5 @ 6 * i3 ¥ ihy (L 3 MPC p R i i 5 W % 5
TG A E R R MR AERR -

HI-STORM 100 % 4+:# % (Confinement Boundary) £ d #73 % 2 4% 3% ¢
MPC e i 4 = » & f& MPC "4 384 e > @ F 4t & 45 MPC “F &
K ~MPC 1+ E(s 73 b frd kR E) > MPC %44 10 & R 4250 = 7
FHEPFRELODAERT R o

MPC & Fi# % il 4B Rt e kit R3f R 2
% :¢ % 1245 ASME Code, Section III, Subsection NB o 4% feh= 5V 5 5 &
B 0 AR P ok #&‘ﬁfi I 3538 % % iP3#(Liquid Penetrant Inspection)
% 7% #% P13#(Volumetric Examination) o /& /% |38 & & & PJ3E > % BIFEA
B2R R o th B b B KR AR g F MIRPIR T TE AR RS
P EZURZERICFDERETRELES F ONRPR R RS RO
Moo HP b F 2 b B gk ik J5 NRC Interim Staff Guidance -18 (ISG-18)
Jib o R (T R R R R B R B § §

M B P3R5 ANSINI14.5-1997 -
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C.

7. MPC % 5 B2 2B P 6 7 g @ mil b8 R ite & 2%

8.

PR FRTaREE R EE > K ¥ &9 NRC Interim Staff
Guidance-18 (ISG-18)2. 4= » & %3t 2 s Jo > | E BT RIF 3D

MPC 4 (74 - SFRT™ 5 75§ (BHE) Rt &
70F T ZH LGB F § RE IR > @ &% MPC & | w 5 1§ Rie
206 40T 0§ F WHEBA LU dok 6 41 o kdg MPC F BR R
PTG REITRIE G F wE S TREARE S ECRR TOF
P X WIS F F BRG 485psig Bl W S 5 B 5 45.5psig e
4 6 MPC & ] w35 5 B2

MPC )% B w LR (psig) | Bk m AR 4 (psig)
MPC-32/24/24E 44.1 49.1

MPC-68 45.2 50.3

THERE PR

1. &1 {cgrdz2 R ¥ ASME Code Section IX L4 % ASME Section III

Subsections (e.g., NB, NG, or NF) o

4% F e P AR & B & I3 ASME Code, Section V, Article 9 # & & ASME Code,
Section III, Subsection NF, Article NF-5360 ik % » 4w 7254 § 3% & o0
4537 2 £ ASME Code Section III, Subsection NG, Article NG-5360 & & o
gk gR R ezt R B A R OF 1R iR dp SNT-TC-1A -

=) ] R xlifi ASME Code, Section III, Article NB-4450, NG-4450, or

NF-4450 -

4, MPC b ¥ 2% hEerisis g 508 5 K e B> & 3549901 BB B K

11-43



o 3/8inch 4835 & > F 7 FARAPRERN T @ ¥ AT ARRIZ B &2
ARTE R Edk Ka S ) A TR chak it o) 0 BO¥ FR R dhddk iat o] 1Rk
ASME Section XI methods % %_%& » ¥ §&f ek ks o] 7 it 424% NB-3000
g AR ehe R R d & faiie iRl A B R 75 & ASME Section I11, NB-
5350 (if i% ifl3%)fr NB-5332(42 3 i e BI) 4L 45 o

AT E N R A PIET Ry ASME Code Section III, Subsection NB,
Article NB-6000 =345 o 7% -k & 4 j|3#(Hydrostatic Testing) § * 125%:5
R A GEFTRIFE 0 F 2R (Pneumatic Testing) 7 & *  120%3K 34 & 4

BEAPRFE RS PREERIEOMPC F F{cbBanit i dow § L SERE

Bl%E > 1395 ASME Code, Section III, Subsection NB, Article NB-5350 131

%%

ﬁ o

. MPC ei2 %% % & 34 » % ¥ ASME Code, Section III, Article NB-

4450 2 HEF B (T o

BIRRIE T g ANSINIAS 2l fe AR B 44 {70 303 A HE PR T 2 (7 )
#eMPC i b 2 $R31ehg § MIRRER & * 3 F3¥# PR &R (Helium
Mass Spectrometer Leak Detector, MSLD) o & /8 i 5 42 1R » F &5
ASME Code Section III, Subsection NB, Article NB-4450 34§ i& 7 i3 44 >

FEATRIED TN R T L R
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ORAN PORT

COVER PLATE
MPC CLOSURE
VENT PORT

MPC LD
RING
COVER PLATE _\
A\l €
§

e N R

SHELL

WELD

SHELL TO

BASEPLATE BASEPLATE
VELD /—

S .

B 15. %327/ T 2 B

6.2.2.3 HI-TRAC ¥ i% 3£ 4
a. WM

Bk g enthpl SR 0 KRB FEY T & o § SR R R G A Y 5 ke
o EEA R S B R B B R A - R g ek 2 & (Water Jacket) ©
HI-TRAC @ 4K g 5 = B fo # B $b(Lifting Trunnions) >+ 4k ¢k |78 38> 1 %
@ B v %3 fh(Pocket trunnions) =4k F “F R A% » HI-TRAC 100D 4= 125D ¢t
BAAGEERTF PR s Bghilh % RIg ANSINI4G6 > B * B A2 3 4

Btz 4t o

b. K34
1. HI-TRAC # i 3£ 44 % - 4 R & * & "L ik J5 10CFR7242(a) &
10CFR72.236(g):& {7 .4

2. # 32 #:$ 139 ASME Code, Section I11, Subsection NF z_ $£ % » & 4¢ }
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NRC # &2 R4 F i & o

3. o B fhfodp M f i K3 % NUREG0612 = ANSINI14.6 R4

4 BEERRFET GG I F BN R R AR N EPHRT SR
MPC #3535 » ¥ ¥ 3% MPC £ 3783 -

5. BRI xR EETPRIHN 0 R Td MPCH & o

6. B#hG "LHIEF K H# f 0 HI-TRAC 100 {= HI-TRAC 100D &
200,000 # > HI-TRAC 125 4= HI-TRAC 125D % 250,000 75 °

7. % 233 %02 NUREG-0612 2_ ;% & 1 i (Defense-in-depth) & # R -

8. DL kE R R F A SRS KR 4 P3E(Hydrostatically
Tested) » BIER A4 KRB LB T 5 RIERA BEchs B PIERA B
T1~75psig+3.0psig > #F F AR 5 10 ~ 48> & d @ 2 GRS o

9. 4 f KR FAPFEPD 2 BEMEEF MT)RE > &4 ASME Code,
Section V, Articles 6 and 7 2. 4 » & %] F ¢ & ASME Code, Section III,

Subsection NF, Articles NF-5350 f= NF-5340 z_ &% o

6.2.2.4 HI-STORM %k 3+ *ﬂ% 22 INER-HPS z_ 't i

a - ot At F 5 INER-HPS &% £ustimmat Bz dlig
#% ASME Code Section III, Subsection NB » £ HI-STORM 2_ % 4k % 3+ %
RERAR P iz RARE -

b. Pi- Bi* RAF A FERIAAF IR LEE NI ERNEL &
PR BB A G 308 (7% % % BI(PT) » 235 ASME Code Section V, Article 6
%4 % ASME Code Section ITI, NB-5350 & 42% #3# » 22 HI-STORM 2 % 4
S F 5T AR AR o

C. Fi— Fuid* cnDitdh F ¥ 4545427 2 842 X | &% § 295 ASME Code

Section IX 4% > ¢ HI-STORM 2_ % 44k  # * 48 b 1R 3 o
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d. - B * B itdm FéEdE4 103 3 # & ASME Code Section III, NB-
4450 *FL% » 22 HI-STORM 2_ % 44k F & * 40 ¢ B 4R 4 2% o

e Pi- R enBAtap TV LR AL T WP ARk A 0 Ryx ASME
Code Section V, Article 9 ~ ASME Code Section III, NB-4424 £ NB-4427 i #
< % o Y7 HI-STORM #p FF e78_ ASME Code Section V, Article 9 » e & * e
&_ASME Code, Section III, Subsection NF, Article NF-5360 =& & o

fooPi- B Rt Fot AR B FHEeR it ra gt g
4% 70 34 {7 35 psig e &Pl (Leak Testing) @ 4% % &% 5 4% 10 min /&
4 C B b tRRI A FOdtE LT R B R E LV P ORR
B4 % 15psig o HI-STORM % 4k 30+ 544 2 & f5 238 (702 kR 4 B3k
(Hydrostatic Testing)F# 7 * 125%:=3k 34 /& 4 & {7 B3 » § #p]:# (Pneumatic
Testing) % & * 120%3K 3+ /R 4 & {7 @[3 > & ¥ /"™ HI-STORM #% 34k f
FER A L 100psig °

0. - Rie* cn@EERpH - FFeEhA 2 PRl @ Ly
NUREG-0612 2 ANSINI14.6 > ¥2 HI-STORM i# % 3£ 4§ HI-TRAC # FF - %3

[t

6.2.3 HI-STAR % 7

# 4+ HI-STAR 100 f= HI-STORM 100 % 3*p¥ 5 #% * 4p I <7 MPC » MPC #

it 7 # & 10CFR71 fr 10CFR72 2 @32 2 prig g o #75 £ 27=5 447 ¢ 4/

10CFR72.212 # e ch R > o 32 i “100” 4 7 & $052 £ %) 100 #R[9] »
HI-STAR & & el it & 7 & BI%A: 5 # i % 4£14% F (Multi-Purpose Canister

MPQC)# 733 & 8% 2 ¢t ¢ % (Overpack) o
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CLOSURE
PLATE
CLOSTRE RING
KFC LID
FUEL BASKET

Kover ¥PC SEELL
Ttkaxs

LN [p——

W"ﬂ N\ U /%m

TRUXNIONS
(NOT VISIBLE)

Ml 16.HI-STAR

6.23.1 & %
a. WM

M iE X & 68-3/4 inches ~ %% B 4 % 191-1/8 inches » p ¥% % %i\ MPC 2z
R oo thE gL 96inches ~ ® B 5 5 203-1/8 inches » “h & #2 £ (F &
Z MPO)E & 9 5 779 -

‘b Feng § 2458 B (Helium Retention Boundary)4% 4% 24 2. & 3% 3| [f]
F 314% * (cylindrical forging) » #f # I 78 ¥R E 8142 B 4+ F 4 (Closure Plate)
Y4 (Flange) » B4t ¥ X773 BRoFAERT WL 2 HDBHeE > BHIE
FE ARSI I RERE IV AERER AR R IR Rite
R BT ET Y WL

Y] 17 #67 0 hE Eenth A G pARL Y et § SHAB R > IS
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e B STRE R R TS AP R BT BT 2 b el 2
3 Bt en? 4 (Intermediate) 2 *h £ & > & FFEEA BRI E b oo pL T e i s 3 sE
Bz irL —1}';;];;*!;1%? o th B R o thEIG AR R BT e i A7) A engE b
For FAEMPEENEeEEY 2 S et B A ¢ 3F B
B E BB 2w gk § OB (Rupture Disk) 0 * 2t A4 L L F g pE R
PRy MBS o F B F MEE PR G - K F BE S (Silicone
Sponge) » [ ak ¥+ B gt ki R R e

SAFEME R TR M 2 BWid 25N SRR S B
4% 4% (longitudinal weldseam) » & & # P&k ¥~ 5 a3 Lo Lang - 1+ 4 2
A RA ¢ Bk - etk b > B LG % BLeR (Tack Welded) » & X 45 4% i %
Fow 4 - A B¢ By o] BFEE > B 1S 5P 4% 45 (Longitudinal Weld):d 5 % =
R o B Ry g 2 Wi o HiRgAeT

1 K xendic® v 0GR 2 g f 4 o

2. SR AhBAET IR dkEn2 BiE o

3. ARE T 4R 3 fp ot < 4% 2 (Heavy Forgings) { £ 2 B |4

4. &y ASME Code & 3 ¢ * & {5 #1402 > §§ * W Aah o
be g VARG R 2 dn(Lifting Trunnions) » * % fi # & g4y > L2 &

kT E W R R 18003 b 4z f?']i% o T IR B bR T K IR P L§ T % i oo

e 3 EN LG o MPC A 5 WA G 99.995% F § -
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b. w3

1. 33t * & "Tiady 10CFR72.42(a) & 10CFR72.236(g):E {7 2.4

Y
\

LA

u”" ¢

auTER —] /

SIRE %

3 1

A

.‘:::§ v — — T
ASSS

%P%%
— ..::E \ g ™ . “*\ /
N < \
- i i
oy

B 17.70 & X305 B

STRE N

Ny

o
S
=

L o

a—_
.
-

_—_.
-

-

-
-

L

~ <2
%

==
>

s
o

Bl 18.4h & % ¥ LRl
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2. HI-STAR #h & %0 4 ~ %4t b 4 ~ 084 2 RS R i k¥ ASME

Code, Section III, Subsection NB » # i * e384 % NRC &% ehiF L 2

P

) 7

¢ a1k 2 Hig %95 ASME Code, Section III, Subsection NF-

P
2,

AR TR R HF 2R AT KL

w

4. ¢

218

LD st 2 R 0 24 MPC i e Ry
MPC % 8 e 12 ik 2 3 4 B it

B. vhé 2 VEEGABRM AN LLFHAE £ K RIF ANSINIAG
2 %3 5 2 £ NUREG-0612 2 %4 -

6. %4 MPC ik (F424 F % & 10CFRS0 «

6.2.3.2 % 4k i MPC

7% MPC R Hehi g Aple » ju3rié * H - b o %2 k3 ) 304k ¥ (Basket)
2l lﬂ%i‘ﬂ e 724 A 5V (BWR & PWR)A 3 7 F 23k 3+ — 4 #hjs 5 68-3/8 inches >
£ & % % 190-1/2 inches » % § #4118 57 MPC £ 2 %) & 44-1/2 inches » ¥]&2 HI-
STORM 100 % %ui * 4pFe e 346 F > e 2 % 3522 HI-STORM #4p I 13 2 4L
6.2.3.3 B ix 3k 44 HI-TRAC
a. KR

22 HI-STORM 100 & se4x * 4p F e@ 3% 2 45 HI-TRAC » MPC 244 3 %
'~ §2% ~ %412 #45 3 HI-STAR & HI-STORM # & % chiffe® » % k%

MPC i} o a4 R H A I 238 R g L -

6.2.4 NUHOMS s 5

NUHOMS s %t & 7 % 3+4%  (Dry Shielded Canister, DSC) ~ -k T p¥ 15 fic ke
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(Horizontal Storage Module, HSM) % & i% 3£ 44 (Transfer Cask, TC) » X 342 i-* i
3 sl epr s UL 40 £ o
% 4t4 F(DSC)d #Hlik € 2 2 M40t e & > 4B 19 #1 » T E ¥ 538
G BLEIAHHIENY B e Z R PR~ -F
F B F BAE RIPIEE 245 ANSIN14.5 (5805 5 :1x107 std. em® /sec) » %3
%l i ¥ 2 & J5 ASME Boiler and Pressure Vessel Code, Section III, Subsection NB >
Vel e & Kt 2 i % 295 ASME Boiler and Pressure Vessel Code, Section 111,
Subsection NG, Article NG-3200 » F ¥ % # § 3 4% 48 % 4 9 ASME Code
Section ITI, Case N-595-2 > 4% 42 {8 JE 3 36 & ;%% B32(PT) 4 * ASME Code Case
N-595-2 f= Section IIl NB-5000 > B3t Ak 0 % - B ¥ 2 L F&T ok
4 "L 7E & % ASME Code Section III, Division I, Subsection NB Article NB-3200 %
W WA ME s 4F k5 ANSI/ANSS57.9-1984 2% » 1 ﬁ g 10CFR72 2. *FL%

[21] -

OUTER BOTTOM COVER

BOTTOM SHIELD PLUG

SIPHOM & VENT PORT

IMNER BOTTOM COVER COVER PLATES
2 PLCS

SHELL
(SECTIONED FOR CLARITY)

SIPHON & VENT BLOCK

TEST FORT PLUG

f

L]
N
L

[T AN

d
AR

AT YA ALY

§ w“‘
AN,
YA,

AYRYAYY
ATATATATA!
PSS ST %

Y,

—
ST AYAYA.

BASKET WITH

ALUMINUM

TRANSITION RAILS

(ALUMINUM PLUGS HOT SHOWN)

LIFTING LUGS
4 PLCS
TOP SHIELD PLUG

INHER TOF COVER PLATE

OUTER TOF COVER PLATE

Bl 19. NUHOMS % #t4k 7 & B
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6.2.5 CASTOR

6.2.5.1 skt e

MR o PG P gr s BT K %% ik dp ESK ¥ P (Guidelines for Dry
Interim Storage of Irradiated Fuel Assemblies and Heat-Generating Radioactive Waste
in Casks) e # * GNS = 2 %k 3+ @i 7 CASTOR 4 7| & fE 4o Efasgalac s 7o
FERAEA R TIEBRET B NG A C A3 E|(Double Jacket Metal
Seals) ¥ ** F F IR > hoR) 20 2751 o R AL E LN 4R MR S S
IR S U RGP DL F BEF Quesoth 7 1> 10° Pam’/s » © & i
TAEA e85 5 TS-R-10 - 42 B ¥R/ T i m bl F 3t = Fpr g
TR S 2 R pe24]

SELVHE A PR F FRHERYERE M F oMY AR
4 Z (Primary Lid)p e0% § B4 5§ OSbar> @ p k&% k- =t F
(Secondary Lid)2- FF &+ Z i 6 bar > 4-[@] 21 777 o F]}t s p L& F EFF 8
BB AR EM G FHTURS LA REcI P K 0 S ARE B N s g
FohmzmiBRy > FIBR ERIBE RS F MR TG - R E

(Protection Plate) F] 4t & ;2 ® & BLZ % BIp & B 4 & P % (Pressure Switch) s I & 3

e
R

P E R e &[18] - @ & CASTOR®X/32 S e/ 4 RPIEXK F —

FHRGE LG R T BB AR5 R 5 F IRAILA Y

,’-

TRER 5 FALL T AP 105 £ 2B OGNS 20 £ R

-n\q,

WL B M[26] GNS 2P A T 5B 5 2R > AF L ERRT 2 H -
FRF F 4 MR A AL AT KA RE® IR I 4ok 2 & GNS
DPerY B R A kS 2 B P35 (Ahaus & Gorleben) B » B 7
BES N AR HiF LorrinA_th F(secondary lid)siF » P E &£ { % EF > 2
AN ZF (primary lid)MiF - PI4RE &4 b % = B3 E T B 4ade 5k o

195 ESK pr i sk 5 % 28 F12 $ 010 k45 R 5 002 (AG) R 275 K % §
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WEPRITRFRYBFLEFS - XX 2T Y TR 2FAEEL O HD
ez LT 27] -
O TRPEFFRABHLGHPFANFEETHAEZ L2 PFITZF L
MR R SERE 2 o
@ L ATHE PITRIFL MU G HFTEER T R BITHERT E R

£ HAE I ;j:!],:i x50 T 20 VLA R o

Frimary Lid

B 20.C %] £ 4 E

Secondary Lid

Pressure Switch

Neutron Shielding

Primary Lid

B 21. CASTOR * ¥ k%4 5 B4 7 R B
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% 7B R A

CASTOR X/28 CASTOR X/33 CASTOR X/74
PWR fuel PWR fuel BWR fuel
assemblies assemblies assemblies
o AR 28 33 74
hIRE T 2400 mm 2400 mm 2400 mm
B3 E 4800 mm 4800 mm 4800 mm
pIRE 1780 mm 1780 mm 1780 mm
nIRE R 4100 mm 4100 mm 4100 mm
FHEE 84 t 84 t 84 t
RE 104 t 106 t 107 t

626 P BB RTLEHE RHDLBE VR
R EA TR P - RO SERFEOTE R E T R R o dr
8 #7570 d &% FH X §7 N pr 3 & L INER-HPS ~ HI-STORM & 7| 2 HI-STAR %
Pl D R SRS ¢ 4 F B 0 NUHOMS k73 % R4 e v %
32 Blig ¥ k45 % B ASME Code 2 H3F » Foip 44h 2 1 ~ 454 - 844502
B RIH FRERRIZ Ao T E SR AREE S Y Rt A
FEF AR o R EFRY ANSINIAS Sfcihif o & % &722 @Y 3% &
¥ 10CFR72 Hff > 3% 2 @ a3 B ol e #4% BR3P § 748 > 4 HI-
STORM *F4f& %3 & 3% chE R4 *F Bl e Bsw %2t HI-STAR B 5 5 & 4%

¥ BEERRIHFY PR S HI-TRAC B2 45 0 ik ﬁ#ﬁkﬁ*&%%—ﬁ °

B EZPEAFTEREORTS 2R A2 K H ¢ B REHE Y Holtec =
# ¢ HI-SSTORM Jk ZU5zh7F > R S 3% e fp 85 ok § 52 6 X 3 e

v R PR R AN D T B R R R R T R 4
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P HI-STORM i 7% AR [12] - R P §2h73K % € * 7 CASTOR i 7%

2 R LW ESK HR) 0 %3tk AR S IAEA g TS-R-1 %4>

REF IR TP A2 A B4 N RS R4 F 0 & A K INER-HPS i#

F R N A e o (e H 8RR T 8 ANSI N14.5 %

LB ARPIRES R

8 R AIER B R R

TS SRR A PR

3R OBIEE B4 2 R AT 2[24][28][29]

INER-HPS HI-STORM NUHOMS HI-STAR CASTOR P& AEH
| gl ERd|
UG g R % % o En (LE) 0
ERO(ER) EGE L)
3l A ] R E & ik 4
e Kt R B e | R B Tk & £548 B
EESE R Type 316, Type 304L Type 316, & &
316LN, 304, 316LN, 304,
304LN 304LN
KWL | ASME ASME ASME ASME ESK P RALS
P
KRF>0HR
FUCR S 22
®
FERHS | #a ¥ X3 ¥ Wy A 24 F
RS ASME ASME ASME SME TS-R-1 JSME S FB1-
ISG-18 ISG-18 1SG-18 2003
Lo¥- S 2 ASME ASME ASME ASME N/A N/A
SR RPIRE | ASME ASME ASME ASME N/A N/A
4 F BiBHEE | ANSINI4S ANSIN14.5 ANSIN14.5 ANSIN14.5 <10® Pa*m’/s | <10Pa*m3/s
T A i NUREG-1536 | NUREG-1536 | ANSI/ANS NUREG-1536 | KTA LR SN e
ANSI/ANS ANSI/ANS 57.9 ANSI/ANS DIN/ISO/EN | F* & o i
57.9 57.9 57.9 B s o
E€ 0P SN
B3 2R
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63FFTEP AT SHE BHI 2LAIWIEZ2 3 iEH

£ e
6.3.01 BH% 2152 3 FhiE T =R

A ISG-21 ¥ #% 7|3+ & #257% #t #2 (Use of Computational Modeling Software,
CMS)EApfI* 5 X~k ~ 3 VLA 2 3 "VHF X2 2 HT AR > v ud ko
FEAZ SRR PR B R A4 RF ST b S E

NUREG-1536[32]# ¥1 § & S ¥ 3% L3 § R &M T RIS TR g
Lotk o FREHES T E LR e 35 U7 4 172 (Finite-element
Analysis) ~ 3 B 3+ & (Closed-Form Calculations) ~ # i # 3% 48 &2 i2 chg 4 A 47
(Structural Analysis for Specific Cask Components) ©

& NUREG-1536 ¥ F13% 5 S R f fr et ¥ -2 ¥ 2 %

B BHRF AP EAF AT §URR LN SHHA B § 2

HAE R IR 0 0 S A G BB eh¥n A« NUREG-1536 Ch.3 Sec. V 3#-im
AwmF AR SIS c B ¥ AT o B RARBMNPE RS 1
Wl % 18 %J%’;ff F~ &g 02 97y U5 i(B]4e, Service Levels A and B of the
ASME B&PV Code)ernjis 4 R 'UiE - » Jfe 2B A7 R* e ENE AL ER
HRE om0 5 Service Level C of the ASME B&PV Code » % {325 R
AR EATE CERRF N Bk R S FRERY G AN
FEHAFFRAN T RT LA 2 g4 L e BB R

HPEFET LR HE RS- A A AL VR B A SRR S sl
ToLd TITL G RAAF 2o kR SR AR E S 0 @ & ASME Code,
Section IIT e1ig * > Fx* P E R * AP EFE c S HE e P Epei

PR F e FenE it R E - BRI R E
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NUREG-1536 # 3|4 *}?A\ 73 £ % 25 % X% Confinement Structures,
Systems, and Components(SSCs) m%%ﬁ;{ FEMPE > AR R AR R R e § 3tthiEE
B0 S FFNE S E RAS L AR o & ASME B&PV Code ® 0 30
PR P e Tt R ARLE 0 Gl N R AT
dd 3 REDRFREY 25 k3E 0 @ NRCRRHF N 2587 A7)+ & ¥
e Young’s Roark’s 2 3% o 272 R3E 7 Mg R A &8 0t B 038 (7R o 4
R g s 47304 A & £ 44445 & 3K 3 (Strength Design) » NRC #% ACI
349[33]*H iR 3R 2 PR R R o R R AN AR T ERR L K A
Independent Spent Fuel Storage Installations (ISFSI) 2 Monitored Retrievable Storage
(MRS)$HiR 58 2 e — &< k3t 2 2 o Glde ACI 318[34]% ACI 349 R4 7
B R ACI3SO[3SAR A= 7 B ¥ s RKheh™ 2 o

% NUREG-1567[36] ¢ - imsdim S Hea 477 2 2 425 » * 113% & SSC ehig
BRER AWM PIER B2 e Z3iwmz B 2 2 ~ HP AP E 2 BRI B
ARIE B T PR E S S Y R R A S0 AR -
% 9 7|41 p = INER-HPS~HI-STORM 12 2 HI-STAR #74¢ * th4 74258 B2 R & »

RypE QAP F o - HEE AT L RE T o
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%9 AN ATR Y 2 AR L iR
EECRL i s it
INER-HPS [ ANSYS #z;t SRR S SRR 3 I 3 SV E R SRS $
e S
LS-DYNA #&:¢ | B3tdpF BRI ERH - AR TR E2 4ol B M- H A%
SR N R IS WA
HI-STORM | ANSYS #% ;¢ bldr t e HFE -MPCF £ ~fFZEJ £
LS-DYNA cl SRR M R R E CRAI MR E
HI-STAR ANSYS 4zt BEAM3 Blde B # CMPC~ T4 45 ek ¥ L 3
PLANES2 Blde D 2 REAF gk € L 4
CONTACI12 B4t Yl E e H g B e
CONTAC26 B4 MPC *F 327 & 345 B iy
COMBIN 14 blde @ R E %
ANSYS RERS 2R 047 - BB F AT
NUHOMS
LS-DYNA BERS 2244
ANSYS BEFEEE LA
CASTOR | LS-DYNA
ABAQUS BA ENERT 2T

6.3.1.1 HI-STORM

a.MPC (Multi-Purpose Canister)

MPC[37]® thi & A B~ % : & 4%

% (Enclosure Vessel) ~ 743 & (Fuel

R
Basket) A A B ¢ 7 BOWANFLE LA BRE R 22 R f £ T hE L

5 L

LT o

£ Al REE SRS TRT s 0 B AR 22

Ak
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ELEMENTS
SEP 10 2009
11:23:55

1 Sahs (Pl
,,,,,,,,,,,,

AN

SEP 10 2009
11:23:55

HI-STORM FW MPC 37

B 22.MPC ¢ 3% E2 ANSYS ## i3

b.oh & %

FHARNEEERY A G AL E2E NG 0 L iR R
* SOLID45 ~ SHELL63 = SOLSH 190 = i » i3ut #2356 2 A i i # 4L b
FERTFRRET L5 5% B2 503 4e R 23 - LS-DYNA #icfg # »HiR e 4
¥ enficH 0 SOLID6S =~ i ) i¢ * MAT PSEUDOTENSOR (28 MAT 016) /& i+ %
Pofod ¢ 4 E BB o R Y RRM IR R Y L

o=Kg"

nE WA il K Sa R Gl A 10T & HE ES WA e

¥ iE o

c. HI-TRAC VW & 3% 3£ 44 (Transfer Cask)
Bkt AT F L AL A GRIRT R R K i Ak g A
Bt T BEE RTINS Ny o N2 E R AL EE S MPC

£ 8 @R T -
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ELEMENTS

HI-STORH FW Overpack Lifting

AN

SEP 11 2009

15:27:39

] 23.7F HI-STORM FW #t & 22 ANSYS - #-7
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# 10 HI-STORM & %12 LS-DYNA it 7%t 2. K 2 n &

Vent Top Plate&
Lid

Component Material Ref. Temp. K(psi) n
365°C 1.542x10% 0.069
350°C 1.676x10* 0.063
325°C 1.897x10* 0.056
Fuel Basket Metamic-HT
300°C 2.116x10* 0.051
250°C 2417x10* 0.064
200°C 2.712x10% 0.075
MPC Lid Alloy X 500°F 1.055x10° 0.235
MPC Shell Alloy X 450°F 1.152x10° 0.244
MPC Baseplate Alloy X 350°F 1.161x10° 0.236
HI-STORM 250°F 1.160x10° 0.189
SA-350 LF2
Anchor Block
HI-STORM Lid 250°F 1.399x10° 0.082
SA-193 B7
Stud
HI-STORM Inlet 250°F 9.464x10* 0.161
SA-53
Shield Pipe
HI-STORM 300°F 1.144x10° 0.181
SA-516 Gr.70
Body
HI-STORM Lid | SA-516 Gr.70 250°F 1.139x10° 0.179
HI-STORM Inlet
Shell Plate, Inlet
Sa-36 250°F 8.952x10* 0.150
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6.3.1.2HI-STAR

fod AATEnR nR TR R DG HE > T R P E R AT D
ot PR AL AR A RATRE IR SEELAR > RREF
2 ROIRAVMRE (R ek T G TR o
a. MPC

BrFrAFE T B2 L b ORRT BT > 2 ANSYS 250
(7 Hod 0 8 B L &L 71-9261(Docket Number 71-9261)c MPC & 3 %442 4% §
RELFS I B3 e 2R e BTG {ACR] 24 917 0 AT
% 7 74 ANSYS =% : BEAMS3 - PLANES2 » CONTACI12 ~ CONTAC26 Fr
COMBINI4 » & T {5 chgk & L #3084 @ * BEAM3 > = fandt & L 9] i@ »
PLANES2 » % # &4t £ L 2 B en@F Ig Rl ¢ * CONTACI2 » MPC & ¢k & %

z B e g pl @ * CONTAC26 * ##:[38] °

iR ® 5 AR 2R T4 4T 02 ANSYS 258 94 (7 s R R L HAD
%R e enficg i@ * 9 SOLIDA4S ~ SOLID9S ~ BEAM4 ~ SHELL63 = COMBIN
14 > B HA4c@) 25 #77 B E 2@ 30 LA b Rk 0 X0 SRR

NPRA RE S A R o
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EN eI T
‘ﬁﬁ/ammmmma;
H 4

e
. ; )
) —
H UNISTER
" . fema)

FIGURE 3.4.3: FINITE ELEMENT MODEL OF WPC-24
(BASIC MIEL)

FIGURE 3.4.5: FINITE ELEMENT MODEL OF NPC-68

PR HAIE0 RSN | e -] {ASIC WEL} [ |
— = =
_ _I—_ ; __—__IP[\
NEH/.
En S CANISTER SHELL TO
SURFALE N —* OVERPACK SPRING
CCONTACT2E) - . VERPALK
INNER SHELL N
(CONTALT26) = ,‘ =
FLEL BASKET T -
CANISTER SHELL S -
SPRING ( CIMEIN14 ) ~_ " e amer 0
DISPLACEMENT 7 SPRING (COMBINI4)
* CONSTRAINTS 3 T mrers sen
- OVERPACK. SFRING & - nrsEENT
FIGURE 3.4.6: FINITE ELENENT MODEL OF MPC-24 (s e
(0 DEGREE DROP MODEL )
FIGURE 3.4.8; FINITE ELENENT MODEL OF NPC-68
TEwAme esiong | A | i [

- TANISTER SHELL 1D

. IVERPACE
SR EOMBINE4 Y

FLEL BASKET T0-._ 7
CRISTER SHALL
SRING { COMEINIS )

R

FIGURE 3.4.11z FINITE ELEMENT WODEL OF WPC-68
(45 DEGREE DROP MOCEL )

RENSIN O

WRLECTNENRDHLEIN 23 4 ||

B 24 HI-STAR MPC z_ 5 H-7)
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FIGURE 3.4.17; OVERPACK FINITE ELEMENT NODEL PIGORE 3.4.18; OVERPACK FINITE ELENENT NODEL !

|
&R 010 e e N |

I ﬁf =
B
gEN
| 11 N
[~
11
|
L~
N
PIGURE 3.£.19; OVERPACK FINITE ELEMENT MODEL FIGURE 3.4.20; OVERPACK FINITE ELEMENT HODEL

[ Lﬁlre.nuz_r R0 | [emmo

FIFIRT HI-012610]

Bl 25.HI-STAR ¢t & #2_ HEfd

6.3.1.3 NUHOMS i 7]
iz ¥5 NRC Regulatory Guide 3.48 #L# - NUHOMS i sL7 iy ANSI/ANS
57.9-1984 I 4Rt AR L it (730 HY BB F RN 2 24 e
%

Bk F e T 2 f 2 BHEA T 0 RIEAIT ANSYS G R BT AT o

E
iy

PR GRS 2R TR ANSYS 17 0 R aan b BT R R T

2 A AT s KT HE T a7 @ % ANSYS $03]:8 (74 47 o @ LS-DYNA R i@ *
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SHER AT B @0 PR B 2 ANSYS A B R A A

i = 2% ANSYS #:3)2 +[21]

6.3.1.4 CASTOR % 7]
BT F %> S5 CALHABFHHI Y TRAT F 2
MBI B FERF LA G T PRE LA ITEET ABAQUS 6.3 5
~F A2 TR A [39] 0 ¥ # & BAM GGR-008 # B|(Numerical Safety
Analyses for the Approval of Transport and Storage Casks for Radioactive Materials) ©
Vb RO BAM AT B P R E R R 2 0 LR

* ey it AE N 5 ABAQUS ~ LS-DYNA ~ ANSYS 7 "2 % A& (79 %
2 49[40] -
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632 %3tF 241 EZ 3 EHiE T BTG

B F Y AP EPUE AR R I AN RIMFT UG %
BF ok S BN B i G o 0Bk YR IRE BB~ o JLEE L OTRT G a0t B S
AL £ 3 o @ ASME B&PV Code, Subsection NB 2 NC %7 ¥/ 4 4 % ch&
T2 FRHERT PO VE o IR AR LY BV SR
HE T Fag i H B

Tt F LG PRI IRNIE o R RN PRA 2 R EY R

(k) > kasFd %4l o #00 > & ISG-5 Rev.l R F i F T R, % e
B e P A R 3 A B DR T H S RE G el 7 L 3

FOA RO R SRRk s R g ARG EAT R F P VR
PRt R A ERRNAR TRV AT RNT Rt Fd v R
BRI b T B2 RRT o B FRRE R FARR DN R R H
PTACBRHE AR o

B N VRS GFERNT g R F O 2PV = NRT) R H F
o p RS B PSRt F A IVRS OV S B A F P I8 F B (free space)’
NGB Fpr It AT I RIEEFHYE T hdtdppr ity B

SR R
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64 FPERB IR FBSEH LR
6.4.1 & MR BTE FHAE L M &

CETE RPN CRTE A

-m

WA R A B ek 19T 0 ¢ G R

1‘1)0

B AR R B o & 12 B & EHRL O R 2 IR 0 [41-44]
13 31 & At anie & = 2 [45-46]

d & 11 7@ 242 ARHEY Tuf 5885 £ hEREL & DA
ERHA AR THABERF LSRG RS o

16 B hEd 7 CASTOR-V > # 7 8 5 — 8= ) e 80481 1 3k 6548 1%
B T BB el T RIL S R R Ao e B R R R
HEGE - B L ok LAp 0§ LB A HR AT - CASTOR L & 7t
PEARR PRI BRI AR S 0 R LB RS G 60mm
BEendeg > A F8 5 - ket T2 gals o B F L2 B g sy
(Elastomer)fg %2 @ 414 » £ 38 5 B o R B kit E o pl i

7 RERGE A Mg 2 [47] -

SRR R R R

Bz kAl | deRrE Al 1B

INER-HPS Bt Bk~ % = Al RRRE 304 7 4%

Hitachi-GE 2. 3£ | £ B34 ~ 0 | 304L 7 &4k ~ 316L 7 &4k *H & ¢ 3

GNB-CASTOR N ERE

fa A EH R

HI-STAR ERE S * A M~ 4
HI-STORM A ER | HER N f R R
NUHOMS SR 304 % 44 ~ B4k
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212 2B HA 2 B ERZ H I

IE & 4548 304 7 4% 4k 304L 7 4% 4% 316L # 4% 4%
GGG-40(DIN)
QT400-15(GB)
FCD400-15(JIS)
Elongation 15% 40% 40% 50%
WEE
Tensile Strength 390 MPa 515MPa 485 MPa 558MPa
EuNLIE Y
Yield strength 250 MPa 205MPa 170 MPa 290MPa
k3R
Thermal 42W/m.K 16.2 W/m.K 14.0 W/m-K~ 16.2 W/m-K
conductivity 16.3 W/m-K
Thermal 11.5x10°%/K 16.9x10°%/K 16.9x10°°/K 15.9x10°%/K
expansion
Fu g

11-69




13 284 Bl e s n 4

C Si Mn P S Mg Cr Mo Ni

FCDA400 3.6- 2.6- Max. | Max. Max. | 0.04 - - -
3.8 2.8 0.3 0.05 0.02

SUS304 Max. | Max. | Max. | Max. Max. | - 18.0- 8.00-10.50
0.08 1.00 2.00 0.045 0.03 20.0

SUS304L | Max. | Max. | Max. | Max. Max. | - 18.0- 9.00-13.00
0.03 1.00 2.00 0.045 0.03 20.0

SUS316L | Max.0 | Max.l | Max.2 | Max.0. | Max. | - 16.00~ | 2.00~3 | 10.00~14.00
.08 .00 .00 045 0.030 18.00 | .00

642 L& BT LNFRFTE

PR EEE T B B E R R T R AR e E

i RS A RS §F LR o

6.4.2.1 7% % 4548

|, =45 k& 2 (Plate Specimen) s 4

- TR DR PR EE M R AT A R R aup)E

AP B ¥ RRBE A 0 HTR B ARAB Y 7 S5 4 60T 4 YRR B TRRIBE A B SR

T T R Ak

-~

KRS 0 B IICE 1200 o PR B o 3f B AR g A G

% 1.1 x 10* mpy(mill per year » f4bi# & ¥ =) > 4 #4% 5 6.8 10 ' mpy > 49 £ 42

i 6000 B ¥ Ik AR 7 Bk bl - RIRBEBR T RS T P LB [48]

Il. 3 %4548 ¢ ¢ (Ductile Iron Pipe) :

t

sl v s
(RN T

FRTE MR o s B S g AIT L F Q;’%,\g
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TR el & 7T B
1 323 & vAagRlaFakin > RE 2 o
2. 3B AFE F R RORFEAL o - LIBES > T A
AedeBh o S UFER O RRRAL o
3. FHEA  FALTH ~BFEIRAd DAL FRANRT)
4. “4c ™R JfF 4 (Galvanic corrosion) : & A P2 £ 4 0 P2 (8759 T
ER TR Y Y Y & ) B
5. FERA Aok TR RGOS A 3 0 2 EE LR FE
ER gl Frab g 4 o S P A Aok S SRR G TRE P [49-

50] -

6.4.2.2 % 44k
G HRE T R NI IR HEH I AR BT R
ARt o B R Y AR AR 0% 78 B F LA I
kT F P FRF R 2 A BEETPRAER KT HRPET L EHREE

FEASV R P HAA PR BAES S F

Hehgd 2 > m B4 2 = B RiEiE o AR (7 &4/

jin
i
B
g
=5
pcll
N
%
—ﬂ

FemE s (M)~ A man(3 § & 4 eomon) > 0T
BEAM YL SE C BHD R LTS 22 NRCHN MM

Az ApMFm g TR

PATA LT EE RS REEA s HPRRE ST
L Fréd s B ey 4 48]
md F R RER I A A e LA M T F A

T OERET 02g/mE b kR > Bt s H A EE 4
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)}q Wk m/?J’E\'}_

L
‘9 <

BT R, e s B EF SRR FAER o R A LR
2x10" m/s o
3k R AR B iRl

BT R e RN ITR(Z S D 1832 BN s KR 16 FoA)H TSRS

F R4 gm’F AR ~ B R 80°C ~ Ap IR R 35% kBT i {7 5000 /] pF
A1 3 FREA FASEHDE 2 e & LowPlasticity Burnishing (LPB)

i\

R T s #ms B A 451

RGP AAAIEAF 2 & TSy e dg D f & T B AL
10g/m? ~ 4p4+i% & 35%% B A 80°C r1 + » i ¥ 3g4c i 3 500MPa 14e i R 327
BT o F & ES 300 P 03040 2 EEAER 1 €7 B AR SE A

s A B[52] ©

B § (NRC)ehz b ¥ [53] 0 327 304 ~ 3041 ~ 316L 424 2 A g2 ettt
s RS AR R PR TIR  HORICRTE R 4 2 U-bend 38 7 (71 4 5 %
5025 NBGES NEEFRBEOEE I 43C T EEE B P HRET T

%304~ 304L BRIt aefng t o @ 316 % 316L 3R Y 1 B A EARF B
T EDASRORPBRFRINSIE FiEr E P RERET BTG FR
AReA2 c @FIH L2 % > £ 3043041 HrE Y 0 FRERY
533 Sum ek 5316 2 316L i j BRI o ¥ ﬂé;}%ﬂ DT R
B LR %0 B I 25°C T o A R AR TR B Y (R K
BB S 3.5%) kA B G AR Y AR Fe S A ).
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2. B &

The objective of this sub-project is to assist the regulatory body in strengthening
the technical review capabilities to examine the thermal safety analysis of the indoor
dry storage system of spent nuclear fuels in nuclear power plant decommissioning.
Through the collected thermal related analysis report, guidance, standard, and design
specification from the Germany, Japan, Netherlands and United States, differences
between the indoor and existed outdoor dry storage system, such as the regulatory limit
for the cladding temperature, solar irradiation intensity, component of facility were
identified and discussed. The additional design requirements, such as the ventilation
capability, operating difference, surveillance technology are also been addressed in this
report. Finally, all found key issues related to indoor dry storage system, facility,

thermal simulation are also identified for future regulatory action.

Keywords : Decommissioning, indoor dry storage, thermal safety analysis, CFD
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FIGURE 1.1.14; HI-STORM 1008 OVERPACK WITH MPC PARTIALLY INSERTED

REPORT HI-2UL‘211/IZ| F”EVISIEI\ |

G \SARDOCUMENTSNHI-STORM FSARNFICLRESNUFSARNCHAPTER-1NT L 1, 1A

B 4 - Holtec = 2 1 HI-STROM 100 £ $4[24]

Air Infet

Foundation

B 5~ Areva = @ n NUHOMS 2 5t 1 #4254 [25]
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BOLTED

CLOSURE

PLATE
CLOSURE RING
¥PC LID

— FUEL BASKET

rop
FLANGE | MPC SHELL
LIFTING
OUTER

TRUNNIONS
BNCLOSURE  \
\ OVERPACK
\ I
RIS N | BusepaTE
N L
INTERKEDIATE — | MRS OVERPACK
\ — INNER
* SHELL
BOTTON POCKET
TRONNTONS
PLITE \§ (XOT VISIBLE)

B 6 - Holtec = @ c7 HI-STAR100 £ B 462 5 & + ¢ %7 & B[25]

Bl 7~ p ~ Mutsu Recycle Fuel Storage Center 3z ;% p¥ 13 & 3L[8] »
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Pk 2 A B

)J.—«—\ pL «luj—

FOF B Y RRE R
INER-HPS | HI-STORM NUHOMS HI-STAR | P ~~ 3]3£4 | CASTOR

el R R R &
ALz E(4) 56 68 61 68 69 52
e SN 14 28.74 22 28.2 19 34

%A F EHiz(m) 1.703 1.736 1.708 1.736 ~2.6 2.77
%At E B3R AE(M) 4.835 4.838 4.979 4.838 54 5 78
#4050 % (m) 5.6 6.08 5.64 5.159

% ﬁ * B 5 & (m) ~0.0127(0.5”) 04 0478

B 5 & (M) ~1.0 0.358

%A ﬁ %-'i 304/316 7 4 4 Th & A4 45 4m [29]

ERE 3 £ &% -l £ e B ER

(34 g éﬁfa PRk faiEEE 4

T A & (%)%t BT 38 1%
EaEE S e i i

P ER N 442 Ve

PP G R AR FRE G BRELF 0.81bar % # 05bar § #
IS EP 5 A N/A 6.0 bar 7 # 4.0bar § F
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MEPMETREERY
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ZRKNE R BPS e % w2 kA A 5 60 & > ¥ 2020 T 2080
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S F(F BTG 22mided 3 #R); P HRF o f o 8 Aol 8 5
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Befssr e B e W2 Sizewell B &t 5 2R3 7 # MR G AL H
SRR G2 B BAPHEREFRI 2B R HE RS R RS TR
2o 2 PR -KEP I EPEIMpEL S LA e G KRS

RO R TIEEEF TSI AL B ok
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Bl 10 ARpEFF 2R 2 T HES R AT Y 2 2 ARG B RBEAS
FAIF RAE SR G RR TR/ T A A RS B RL B 4 (High Power
Waste, HPW) 2 # i 45 3 %l & gk ¢ 2 (PACKAGE)z 35 @ L. 1% o A
BRI N T F RN A A e R TR E s
AATHIN Y A T S g o $ R ER R F o HABOG RIEA]* 414 kR

L #

TV R RO E R ST P S SRR Y )

F 4
BRF UL EPRP TG A F A TR RSB TR R AR F R
WTI £718m * 455 i 2 HABOG 1140m = - b » %45 5 “7 B ehF4L[3L] L 3¢
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HABOG % %6 A I H p ARtk in g » m g7 a B lengd Tl dpr » 2
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(3) 7§ A% % p AR LR P A B R RF LR UE

REEAh - AFFITFLPIRERAHNTHFLEED o PFRS
N
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RS BRAPES S B RS H AR IR A
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() EFHMTAEZFTHET BFFARLIFN TR L LR R
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G HE A R ERARE 2T R AR MR AP
BARH RS 2B S EAELE - Ko

(6) H* 2 P FChTR S BFEA RF > BEARAF T NERE
;ﬁ*ﬁﬁé%’ﬁgﬁﬁiﬁméﬁhﬁiﬁﬁizég’vﬁp
WEHIMER L BE ) MRS Y 2 F - HFRIET
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o 3R TF E P RCRTRL S EAGAR M 2 K3 F *Jr
SIZEWELLB | 4t ® STEAG | 4t & WTI p ~ RFS 7 # HABOG [32] | 4& & Neckarwestheim
G & HER > RC RC RC RC P 3
B FE 150 ~100 ~152 500 - ~200
R R <0.002 1.3 0.55 1.0 1.7 N/A
PSR <0.002 1.2 0.7 1.5 1.7 N/A
KW B R ~22 23 18 28 40 51
Bs B A ~14 14 15 15 12 18.8
R UK - RIS GATE
CE A ] B R 3 A Bk P T

g B AR

¥ 5 5(%) N/A 20/h[31] - - -
g Py - 800W/m? - - N/A
v il A ax

B ERKA PR AL -

i § A (°C) N/A 29 - 27 29
4 v 38 B (°C) N/A - - 56 -

R 5 8 & (°C) N/A 35 - -

*d ¢ HABOG W& £ H +

(V-HPW = # 5 24t 5 )
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(@) (b)

|Hu-f Py, E—p——
onmemmm WL LLLEFEE]
i } ..... i T s
g toas o | |(BEHRBEEEEE

(© (d) )

@ Heat producing waste
Non-heat producing waste

S [ TR e—
J.r W‘mi ’
Ly i 2 I ' .
(#) ¥60mx (RAfTE) H130mx (W) H30m (3, 000 FURRNDKE)

Bl 9~ & R4 SRAL B2 E P ichTR 5 ()6 B STEAG[23] ~ (b)1E B
WTI[23] ~ ()P # RFS[8] ~ (d)i# § HABOG[32]
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(@) (b)

_CKa80
OPZRANS

M 10~ 7 jf HABOG[32]3 % i+ 75 (a) # 2/ 2 4 - (0)A8 B AR F 2 2%
(C) B 5T e ¥ )

II1-28



(@)

3 t Air outiet Administrative building
42m
E eei—
2 Exhaust air building ——
£
& 7
F {
©
18m 14m ) 14m
(b)
s Tunnel-Concept
Legend:
11 Social area
1.2 Entrance hall
13 Room for auxilary
devices for cask
cleaning
2 Tunnel 1
3 Tunnel 2
4 Connection tunnel
5 Exhaust air sturcture
6 Escape structure
Tunnel length: ca. 90 m and 82 m Capacity: ca. 151 casks

Tunnel widht: ca. 14m
Tunnel hight: ca. 18 m

Bl 11~ AR = F - E P 3 F N SoRT R S [23](a) RIAR B~ (D) AR
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Wit A TFR HI-TRAC N/A
APIEERIR | RS F k3 - N/A
e

i Rl ki o

- xFnH R =¥ & 7
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S2RBRAEFEIP ST #BIRER

% J5 |IAEA 51 SSG-15[33] ¥ $30 Pl pr it £ 2 #in & £ 4 & (hée 30
1.36 ¢2 1.37 ¢ » H & £k 2 RAE2 4p5] 0 4o
1.36 ZATE 52 X F T hF FERE B ERHHL T4y T B FFex G T
RFF E g crnd frik 2 0 & fZ 3 fi e p 2 75 7% 3 % (natural circulation ) ~ &' #/
#7 # (forced circulation) £ z¢ % 747 & (ventilation ) . & -
|37 AP RE I A T s BRI FEF FBEZ QP50 frrid b
o BEFR DA T TEX TR BRI ) TS ERT B
RFIFERASELZEFTEF AP A H I RTF R THFL R 2
2;7;;; ~Hz2 PR
mHTIMA4e 138139168170 £ Z R2- HEBER A PFHES >
EATREREERS I
1.38 § # FHHA BN EAFULAET B FEX BRI
gy ? AN BERTRFEGAEFE N FEENF AR 0
PEKF T L
1.30 X S B+~ G X EREFT LRI £ 7 BT RIF R T BRI & EH
WIEZZZE H3FHBF T 7 B e 2T R PHFIHHZFN -
BRI GULE o L RAE T R AR R F AT E AR5
THTRGE R ST AR R o - (R G f e 2 F T T
FUEP AT RApr i a R R R BipM e T2 R ) faz v o
Fol ki DAAR* EPF R T EAAMZ 2R s RS N2
(Atomic Energy Act) ~ 5 &7 3£ % | (Radiation Protection Ordiance)? 2 % 2 4q 3!
(Safety Guidelines for Dry Cask Storage of Spent Fuel and Heat-generating Waste) %

[34-36]: & 3Eima 4p WAL R i A7 31 (3T R0 Y BT RE B iE s
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+& 48 713 4p 31 (Guidelines for Dry Cask Storage of Spent Fuel and Heat-generating

Waste)z. @ ; Hipale #iniphf 2 € & 4psle 45 ¢

.

1%z

>
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Fissionable Materials and Ores Decree » Bkse) % ;# #L[37-39] - 4p B 12 % 2L 2 (NVRS)
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FRICRTREHE G BECEDF TR LR Bk I AT Y
bt R R AR A e B AR TR R LA P RBHE A
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R
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2. B2 &

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 latest 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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(A) Heat producing waste
Non-heat producing waste
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e Legend:
11 Social area
12 Entrance hall
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3 Tunnel 2
4 Connection tunnel
5 Exhaust air sturcture
6 Escape structure
Tunnel length: ca. 90 m and 82 m Capacity: ca. 151 casks

Tunnel widht: ca. 14m
Tunnel hight: ca. 18 m
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LR i ds SEES TSl E R D A Ep N eSS e DA (BB A B e~ %
HHE~PLERE - XTFELRENE X 2EFD)EF[24] v TR 2 B
BITNERITGED LI LT 2FEF > FRT AT WA AMIE D (RS
BB A R AL P LTRA 2 SRR EHER L G BARE SR
*2mSv/h s BEHE f 1 2 % g g S4H £ 57 ) 5 0.1mSv/h[25][26] ik % <
FR25 P FRA O EFRPRASARERERA G HE L TR v pd T2
PAFERREY PF RS HE R AL E BRI X TR ERF K

W50 uSviyr Rz 2 E 3B iE ~ B2 KG o

73+ > »* T Transport- und Lagerbehilter fiir die Zwischenlagerung | 33 2 4% % %

™

Bl GO5 2 % 49 &% 2 » HEPMEE» 2B prEa » H4H 258000 A

l“‘b

U GE R 2 2 ¢ E R BAE A A2 0.1 mSv/h ~ i E R B

Ik

A2 10mSv/h ~ FE £ o T HE 72 42:F 0.5 mSv/h[27] -
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# 513~ WBichrxblavt it R A e MEFEFRHENE
% H\IER-};Pil] [22] 10 CFR71%4§]& 72.104 R [114] [23] P[4 [23]026] =271
BAtaE F RN £ ﬁ*‘i&fﬁ?ﬁ?éﬁ%é‘xﬁ“"ﬂﬂﬂ fﬂ%éﬁ%%ﬁ%«&&* FHBEEPTETS Y | PHBEET A
a, f?J F %<3.0mSv/h - | 1. 4% ®B(package)# | EHE 5 % 2mSv/h o | HE 2 4] o FaR LS U
2.mFE M RIEEZA | B éﬂ# F<10mSv/h o | 2.3 i¥ ;Em 2 2% .4 BE B2 e 5o | IFEREH2 O =
¥ ¥<4.0mSv/h - 2.1 3% # 44 (vehicle) % | &< #E F 5 0.1 A E F<2mSv/h LEEHE F<0.1
3R EH R | o #MEF<2mSvhe | mSv/h 23 & #4122 | mSvh e
FoRTE e AP f?f'Jﬁ‘ F<0.5mSv/h ° 3. %ﬁ i3k fa(vehicle) | 3.7 & M F w0 e | FRIGHAE F<0.1 | 2K 4 6 2 E A
MAETRE (4R AT HEHITF 2| 40 S REs | B4 e 12 &x& | mSvh-e % F<10mSv/h -
e ke oz AEF<] »31?&_3 0.1 mSv/h o £ % 10mSv/h 3.4 e L aH
mSv/h 4.1 F # v RPN 4pTr e aE R #<0.5mSv/h -
SRAIERTEL | M A & F < 002 BEAAEF
» 2. A & F < 0.5|mSv/h- 0.45 mSv/h
mSv/h
M
0.25 mSv/y 0.25 mSv/y 1 mSv/y 0.05 mSv/y n/a

A E LB
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52. FHEP L g B fEx 21 L2 2
2wt LR

M HE AP A

B jra 473 E 2 3% 2 W NUREG-1536[30]% NUREG1567([31]

#ti2 32 MCNP 2 SCALE 4258« B # & B P fpFenF R R £ 0 A5 T £

B2 Bjre 2022k SR OEF L P F o AT ER R

## > H* ¢ 1= 2 42 SCALE/MAVRIC 2 ADVANTG/MCNP % + 7| if &4 5 )‘J:*"fﬁii“

A T B o 4 5.2-1 37] 41 > NUREG-1536 ¥ #7i& 23k 7 i * M7V pF s ks

R E#’-p:"?év\ 17 2. 425% o g4 5.2-2 71 NUREG-1567 # #7# % # NRC # %

F Y oEe
w#b} T

GRS MRT 2 BEA AN B BAFLY A AL G E

TR F AR A 47 2. 4258 o MCNP 2 SCALE #2;¢ ¢ AR 23zt it d 354 7

7O IERTE R

WA AT A P RALSRIE 2 R A T

%5}LNwEGB%$%¢31WEﬁ4%ﬁ%%ﬁ£&%ﬁﬁﬁﬁwm

23 LA

p B it

MlcrOSkyshme

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).
MCNP Monte Carlo n-particle transport computer code maintained by Los
Alamos National Laboratory (LANL).
three-dimensional point kernel gamma transport shielding computer
RANKERN o
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 incident
STREAMING

on a variety of shielding penetrations, such as ducts and voids.
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# 5.2-2 ~ NUREG-1567 3% 4. ¥ 23k 2 * i 17+ PR SR8 2 B e o 47 425" [31]

A2 LA 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 o
code similar to QAD-CGGP.
a suite of linked computer codes used for calculating the radiological
MARC-1 effects of releases of radionuclides to the environment developed by
the UK NRPB.
modules of MARC-1 used to calculate the effects of an atmospheric
LINGAP and HMARC
release.
SKYSHINE-II air-scattering computer code, NUREG/CR-0781.
code for calculation of attenuation of a gamma flux incident on a
STREAMING i o ) )
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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[0 R0 2 2l o At E 51 2 MBS B 7S % % (Oak Ridge
National Laboratory > 12 & f§ #£ ORNL)*" 2017 & 02 7 % % vd 3745 &

SCALE/MAVRIC #23% » 3%4855 60 622 i gt g9 T 8 g B

hz BFEF REBIE T oot BASHLERG aAIEY FIFET BV
FIEE 0P T BB R ET SR M L ER B R G R R AR

‘Z}s”](f\: rmz\iﬁﬂ+|tﬂ I“t"] 1m@‘§ggﬂ§\m 5]~ gt lj l/.,?il;"ﬁ/n\‘ffr’#;‘t
S MR E SR o B ARERSIRIE IS 0 ZAR TS T T AT B 2 B
(4 Co-60~ Cs-137)r2 L % # i £ 8 6 &2 HFEP 2 I 42 - & Monaco ¥ i i

REPTASAL 2 AN R LA - BRI T 0T

<
v
&‘lH-
+#
w

2 %% T g LAEFIFEFRF[5]

SCALE v-6.2 enig s+ 8453 8 X 0% %F > P - ¥ - P FF X% D
MAGNASTOR ;2 5% 2 4 (4 & # £ 4 4453 0 1k &3 2oz 5k
7o ¥k 3 (fission neutron 0 FN) ~ #5545k + (fission gamma » FG) ~ ik +

(hardware gamma * HG) » $iE3EH £ o 1 2 & k= 2 £ ?F),?r o
> 1B FE 7 AT

1. MAVRIC 3 * %% B8 6 QINIIG)ivH s 4 & #2158 > s A

=

2. VR A YE AR BBk 772 MCNP ~ MAVRIC # * 5 #4eid i £
£ 5 - ADVANTG/MCNP A28 (T a2 o R E B 8% > F3H - B

fegkie® £ @ ¢ JK* CADIS 1235 chdfg 4318 4 425§+ MCNP #25% 2 i

TR

-
Iy
34

0]
-
b
ma
_E;.‘}

—e
s

Fr3t B 03] 0 12 NAC-MAGNASTOR # 4 2 R A » ¢
FRGEA BEER R R E SR AMBEREE W S2-1 A HASRAR

Bl 5-3602% > BE/L43 22 Fldl TFA A0 1 2 84H T
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i 3145 F (Canister){r & § 4% N ARLE RG2S B e B2 oh e a3
2h P R L R L s L %o b R % (UEF) ~ & § % (Plenum) »
F etk % (Effective Fuel) ~ T =45 % (LEF) » 3 &P 300t 2 5 0 1% (6 9 % fie
PR - SHRE S 87 R BRI E  EAPZ e E 2R Y P
B BWR i3 Bl vkl if 2 e & S 2> HAF @ E 2 5 X ¥R 34,000
MWD/MTU ~ & * 4 §r 20 & fo U 2 4= 45T 35k 5 & 2.84 wt%o o * 1%+ 2L
SERIE 2 G frdhe A F P SRE 2 AT A [2] o BB 521 & H A2 &

522 & fegEt o

Air outlet ==
(554-563 cm)

[ Upper End Fitting (468-487 cm)
MPlenum (440-468 cm)

B Effective Fuel (59-440 cm)

B Lower End Fitting (40-59 cm)
B Canister

Bl Carbon Steel + Boral

B Carbon Steel

[ Concrete

B Concrete + Rebar

e A i1 inlet
(0-12 cm)

Bl R DT RRET 0 F R R S P S MR TR MR A 0 Y V6.l
% v6.2 e MAVRIC % %] it+ = MAGNASTOR # #% & # £ A 47 > ¥ e * FW-
CADIS 2% » H'gsfh e & it o 2 [ FRRE - 8 @3 AGEHRP VL
R A B P PR Z B SROT F B R £ TR TR R A i
A 3K A>T Denovo S#ick B F LF {0 FHwl P E PR oL 5.2-3 477 0 PAR
FIATR S v6.2 it % b b R eni BE B 3402 (SN B AL hpE R

Lvel - L ¥ AEiRE RGO I ED T FEFREMO)FEEETL PR
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BV e dE s R FlE v6.2 ¢ ATH{ "macromaterial” $-#cK ¥ Bil |

=
3 |
e

¥
kL
i

25 o HoRy 13 N S AT He 2R

’“"*}?
EX]
A

A
T
(g o=
S
=
=
oo
=hg

AL R PFIEITER L G AR L LR TG

2524 58420 RO HRBRALY 4 L RPFETEING BB L LT
HEHRE- FsEk > BAANS59 5 440 252 BT 2%l B2 8 &
EHTER- LT L 92 DA 2 [l T A F R F S E R 8 - MAVRIC % v6.1
ZOv62 H B SR R R OB o - k3 SR 2 AR L AL &
BHEFEF2ZRIHESE B R oA T HRFDEINERLS L LR K
KA 5% B 2% ERTEN RSP RS RS S R 2 A 8
B EEL B BT Rz o o B 52-2 2 B 5.2-3 3 MAGNASTOR # 4 #

GPFERTIHEAE P T HE A FHIRT R D kT HE S = fEet

B

d=
4y

4y

T F - RDEE A F AT

BT T2 e iRk Rlag o 2 R ALY
EAE

A F P RS 2AE L

\w_t

Hapi§ kg - Renh T ARE -

4 5.2-3 - MAGNASTOR # # & jc % 5 MAVRIC 3+ 5 1+ fie

S Forward Sx | Adjoint Sy | Total Sy MC Total
ouree (min) (min) (min) | () | (hn)
FN 72.19 45.50 119.08 | 2420 | 26.18
MAVRIC
FG 12.65 11.30 2534 | 2557 | 25.99
v6.1 MG
HG 11.33 11.52 2441 | 2560 | 26.01
FN 30.92 20.70 5162 | 15.70 | 16.56
MAVRIC
FG 6.56 6.80 1336 | 1270 | 12.92
v6.2 MG
HG 5.63 6.76 1239 | 12.80 | 13.01
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# 5.2-4 ~ MAGNASTOR # 1% & % ¥ i & &34 MAVRIC % %

MAVRIC-v6.1 MG

MAVRIC-v6.2 MG

o DR Error | FOM DR Error | FOM | Dose
Source | Radiation ) . Rati
(mSv/h) (%) | (/min) | (mSv/h) (%) | (/min) atio
Side n 1.80x10 | 0.65 16 1.82x10° | 1.54 | 4.49 1.01
Top n 2.65%10% | 460 | 033 | 2.61x10* | 4.62 0.50 | 0.98
FN
Side y 2.81x10* | 0.72 13 2.85x10% | 2.39 1.86 1.01
Top 7 2.25x10% | 1.60 | 2.70 | 2.24x10* | 4.80 | 0.46 1.00
Side y 7.22x107° | 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
Side ¢ 1.56x10° | 0.12 429 1.57x10° | 0.16 506 1.01
HG
Top v 4.89x10* | 1.88 1.84 | 4.63x10* | 2.11 2.92 0.95

3t ¢ DR:doserate & & & o FOM:3* % »a £ it 4pik » Bl AR B ro S A%4
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T T
—+— MAVRIC (v6.1 MG)
10° ] —— MAVRIC (v6.2 MG)| ]

1024 —— MAVRIC (v6.2 MG)| |

Neutron Dose Rate (mSv/h)

Gamma Dose Rate (mSv/h)
S
ol
./S

10° E
107 E 107 E
10 T T T T T 10 T T T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Height (cm) Height (cm)

B 5.2-2 - MAGNASTOR E # Rl:F & m (Z)° F ()3 HEL F >
(MAVRICV6.1 MG vs. v6.2 MG)

10" T T T T T T T

7 ! ! 10" T T T T T
,2 iRt g e o
107 5 : 3 1024 —— MAVRIC (v6.2 MG)| |
= 4 =
? S 10°
@
E E
2 1 o 10
& T
- 4
3 3 @ 10°
‘2 o
©
£ 1 E 10°4 E
107 4 E 107 4 -
10° T T T T T T T T T T 10 T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 0O 20 40 60 80 100 120 140 160 180 200 220
Radius from Cask Center (cm) Radius from Cask Center (cm)

B 5.2-3~ MAGNASTOR E B & m (Z)7 F(F)EF HEL F >
(MAVRICvV6.1 MG vs. v6.2 MG)

5.2.2 » 45 MCNP~MAVRIC & * % # &3 § i £ #£ % &2 ADVANTG/MCNP 2 3+

AT RTRE T Y B AR 8 o B0 HOE R %E S4UR %% 0 12 MCNP-
MAVRIC-v6.2 2 ADVANTG/MCNP % %] ft+; = MAGNASTOR 3£ 4 % & & 4

7 >MCNP 5 A2 * " MR GHRSEFTTZH/NFRE SAFELFTT R
W

FW-CADIS 23 - MAVRIC #2;% & $dicy B>t a - &2, v6.2 MG %06 »

1.!"4

Monaco 5 + R il 453 5 34 BT £5 (vHE » ADVANTG F
£

» i
} 12 Denovo #23% % Sx3- 8 » @ MR E SR A £ R (L84 B 0 4 MCNP 42
FEFR A RPE R T AMESR LY S R e TR A2

SRR e & 5.2-5 97 0 B ¢ MAVRICMG % #3344 % 52-3-MCNP &
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et T hiE T4k 0 F 3 ADVANTG/MCNP % & » 3541 = Stk & w35 8
5 26 BF o & Sy3tE + MAVRICCE % & fe 3t F & 91if MG % b 0 F ke

Bl 2] 38T o SN ATAL B OpE R I ADVANTG - X o

A %7 3 > £31i# MCNP » MAVRIC-v6.1 (MG) ~ 2 ADVANTG/MCNP =
AT S A T B R 23 B S R [29] o R R s goRTi e S
%60 H ¢ L MAVRIC 3 * % #it £# 5 &2 ADVANTG/MCNP # * i it £

Baz L8 FEHie R aBE > AU Y 3 RIS MAVRIC ¢ K%

Gk HEAREL B L EF Y SR I HME LTINS AL
+ 2 Big k3 RN A > MAVRIC ¢ 3 B ARFETENRL LR A

& 2 A& & F > MAVRIC #“Rli#z @ 3 #E 95 ADVANTG/MCNP 2% 2. 0.5

BodgAancd s IR 2 RAR: STy a AV 35 B Friﬁd‘?»-ﬂi/zyi;ﬁ
HI1g %ﬁﬂ *& 2 8 %% MAVRICCE % 5| ¥ % /ju?" LI % - MAVRIC 778
KT HE L F vk F 3 ADVANTG/MCNP 2 2 % o

4 5.2-6 3 MCNP » MAVRIC CE 2 ADVANTG/MCNP & 3# 4% & %34
Z% ot d 52-4 22 MAVRIC-v6.2 MG #2 4 52-6 22 MAVRIC-6.2CE » ¢t 7 %
B4 Monaco A2V FR % 2 (5% £ 5 F L B> BRI A BEFEER LD
' & MAVRIC-v6.1(MG)# ADVANTG/MCNP(CE)F* § » ' #842 ¥ 3 2 3 44 i) 3§

X3 HEABEAPF - £ 526° > ¢ FTERE > H MCNP A2V B A F g o o ¢

it
pir

PR R GEHTT AHA RN ¢ TR E R
P> ¥ 4o H 0 ¥2 ADVANTG/MCNP 3+ ¥ % % £ 3L— 3 - ADVANTG/MCNP
Fll* 1 FW-CADIS 3% » $fichi H 225 93 Bit > Ful L fad + 82
M4 FOM B X7 & - MAVRIC CE F 4% 5 * FW-CADIS 3% » ¥ 3 * i

FaRiEr £ ot MONP F 6] fp = LSRG 7Y Ar@i o — L

‘F_k

/

B0 ME X ERLPAEYEL LB 2% 6] MAVRIC it & ok i

ADVANTG/MCNP ; ¢ & $o i€ 2 %hd sk 5 4iRsg » B MCNP 425" (53 26 /| PFen
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VEEREDRZEFEZRRET L D A RAPRF 2 Bk HRA  Flic £
MBI I REZFTES T RBVA R RH MBS A

3
i<
—=\
IS
;&;4

% 2. % % o MACRIC 22 ADVANTG/MCNP %  »zecd % b 6§k &
B EFEEZ P A AN B - R2ZAE S K H Y ADVANTG/MCNP

Bt % b 1 AR A B MAVRIC -

B 524 2 525 LEMEi e P T LT HEXASF > L MCNP -
MAVRICv6.2 MG ~ v6.2 CE ~ 22 ADVANTG/MCNP 2_ %% > # ¢ MCNP % % 2
B ARA Y AR LR g TR LTIk 2 BiE kS AT RZG L

FEF RIS ¥ 0h 2 Bk CADIS Mih2 il 4 f 2 %% 2 Fad

w R E AT AR AR 0 592 CE & ADVANTG/MCNP &% 8§ - R4 fa

T\
Py

LA TR LFLBREY T A AR T REE TN ARG R

FleZ g s it % RAFMG ¢ LG RIE? FHELF > CE#H
i

L S8 SLAE SRR s RS SIS L

ﬂ\j-

Rk F &E A& F > MG

F.

X0|B AT, & CE &b g frecd o

7

K

% 5.2-5 - MAGNASTOR 3£ 4 B jir 3% b A i 4 177 EE R R

7

S Forward SN | Adjoint SN | Total SN MC Total
ource
(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

i ! o MC : Monte Carlo % ¥ + B ficsg -
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T T T T T 101 T T T T T
—=— MCNP —=— MCNP
10% —=— MAVRIC (v6.2 MG)| + 107+ —— MAVRIC (v6.2 MG)| +
—— MAVRIC (v6.2 CE) —— MAVRIC (v6.2 CE)
€ 0 —+— ADVANTG € 00l —+— ADVANTG ]
@ @
E £
2 I
© ©
14 4
[0} [0}
3 3
o (=]
c ©
o € 10°4 .
5 €
[} @
z o .
107 4 4
10° T T T T T 10° T T T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Height (cm) Height (cm)
Bl 5.2-4 ~ MAGNASTOR E # il 4 0 (2)% 3 (L)X 3 HE A+
(MAVRICvV6.2 MG vs. v6.2 CE vs. ADVANTG/MCNP)
104 T T T T T T T T T T 101 T T T T T T T T T T
—— MCN —— MCN
107 —— MAVRIC (v6.2 MG)| ] 107 —— MAVRIC (v6.2 MG) ]

—+— MAVRIC (v6.2 CE)

—+— MAVRIC (v6.2 CE)

= ¥ |——ADVANTG = —— ADVANTG
S \ 4 S -
(2] (2]
E E
2 1 2 3
© ©
[14 o
® [
%) +4 o -
o o
[a] [s]
c ©
o 4 £ 10°4 +
5 £
o] ©
z ° -
_ 1074 _
1078 T T T T T T T T T T 105 T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220

Radius from Cask Center (cm)

Bl 5.2-5 - MAGNASTOR

Radius from Cask Center (cm)

ERENA R ()P F(L)RFHELTF

(MAVRICV6.2 MG vs. v6.2 CE vs. ADVANTG/MCNP)
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# 5.2-6 ~ MAGNASTOR # 45 4 % ® & i & B34~ MCNP ~ MAVRIC &2 ADVANTG/MCNP % %

MCNP MAVRIC v6.2 CE ADVANTG/MCNP
o Dose Rate Error FOM Dose Rate Error FOM Dose Rate Error FOM
Source | Radiation ) ) .
(mSv/h) (%) (/min) (mSv/h) (%) (/min) (mSv/h) (%) (/min)
Side n 3.33x10° 7.72 0.11 2.58x107 1.93 2.94 3.53x10° 0.52 24
Top n 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 7 2.09x10* 4.07 0.39 1.73x10* 425 0.61 2.03x10* 1.96 1.67
Side ¢ - - - 5.03x107 0.20 339 4.99x10° 0.10 641
FG
Top 7y - - - 2.09x10* 9.32 0.16 2.13x10* 4.29 0.35
Side ¢ 3.68x10 78.23 0.001 8.92x1076 0.23 280 8.78x10°¢ 0.11 529
HG
Top 7 2.50x10 47.03 0.003 3.64x10™ 7.79 0.24 3.50x10* 0.99 6.54
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53. FPHB R IRTL g B Find B

A & 4% 275112 50 SCALE v6.2.2 MAVRIC # #7548 58 38 {7 42 5% 7 15 3 %%
FRAETERG  BELS S TS HH o F A BRSO E g RS
WA AR AR PR ED EE EBEH 0 1 2X4 N BEBAORT S

FER PR N R A SRR R R B AT AT P TR
BRI 0 - Ak S5 R 582 iy 5 (Reinforced concrete building)£? ¥ - Ak f¢

Jix % (Steel structure building) » T #2788 2 (gt s B @ A K o FERZ

BEHEFr i LR BN Fr B RLSFHFEH NE T RRAIERE X
PEERAIER M RFERE G frRAT R RE R SREI EF N T
FoOHZ BN CRA PR AT A A R R A R N G
KwEFAa AL RAHTHEUF TSN R Lo b R 5 R E R
AN G P AREEE T L A AL P RTROE O RA R AR R

2R R LB -

53T RAIEREEBERBE T FLHE AT R

2 SCALE v6.2.2 #25% & 2. | mavric.isfsi.inp 1% 3 A #fA) » #-H B

T

5 M A RERTEOT AR AR o M 2x4 e A2 @ B ) B E 272 2
RArE 136 2R 2L K AEGP o BERYERTIEGE 34 2% 0 A F P 56
F 2 EEG AT IR - R SRR drE R fospTROe ) e B3
FzRamrA@Ligea 2087 e B R RERrigrTROos 3] TR0 B jr

2 AP A 4 ¢

PR B2 B PR R kR S kewaunee BRCK FCHE T Bz 20 K * B

F2+ %4 o ¢ * SCALE ORIGEN #4754 i {7 #4423 B 0 W42 i % Bk B 46,1 =
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R engh R UP R SRR 4.2 wt% ~ %42 R 55,000 MWA/MTU ~ 4 4 10 &
AL EL R 32 kT A MR A LB 8577107 n/s 2

7.155%10'0 y/s o & fE 54K B W] i 4o B 5.3-1 977 0 B Pi- 2 §opFE >

&t
i

BATAE S N LR AR AT BT FIRM MM R R a A Y

Bk SR > WL BT R SRR R 2T -

10 i i T ™ l T i i T ™ i l — 20 T T T
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o S 18 o 4
< 084 4 @ 164 1
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w
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= § 12
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E
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= 0.4 1 E o8 g
£ 5
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T 024 4 = 044 b
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g S 024 4
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2. B2 iR

The main purpose of this subproject, Subproject 5 - Study of Regulatory and
Review Techniques for Treatment and Storage of Damaged Used Nuclear Fuels in
Nuclear Power Plant Decommissioning, was to collect the latest information
internationally regarding handling spent nuclear fuels, especially to damaged spent
fuel. With the information, not only regulatory requests of decommissioning of
nuclear power plants can be built up, but also enhancing the nuclear safety level in the

nation.

Certain environments which induce fuel damages can be concerned with
different aspects, such as chemical, heat, and radiation. The major mechanisms of
damaged fuels include: pellet-cladding interaction and debris fretting. Pellet cladding
interaction happens when the temperature of pellets increases, which reduces the gap
between fuel pellets and cladding. Additionally, cladding expansion and release of
fission products will affect cladding stress so that to change cladding performance.
Furthermore, the friction between metal debris and cladding can damage fuel integrity

as well, which is called debris fretting.

Currently, the information from 10 countries has been collected in aspects of the
definition of damaged fuel and its handling methods. Through this subproject, the
strategy of the management of spent nuclear fuel and technology development can be
elevated and accelerated in the nation as well as in line with international safety

standards.
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B2 RERIF 4% A4 8 45 1SG-1Rev.2 & $ ART AT ¥ ¥ B R
He@RrET o JMERALEA A 4% 24 % £0]F 1SG-11 Rev.3
[79] i & ¥¢ ‘%dmﬁwﬁéfx BOER KRR R LR & RAEAK
FIRTE 6 HRGR L R

ISG-11 Rev.3 R Z_I ¥ §oh7% ok i ™ vl 28 & *LiE 5 400°C > @
B¥Z2E&THALES 570°C ;5 ISG-1 Rev.2 # =% E"ﬁ ER TN S R
o P PR enA #5dn 31 0 ¢ 7 Bldf (damaged) ~ A B4R (undamaged) 2 %
F(intact) » & fE FRLAE SR FE RN BT s R EE R A R AR R B o U a
Mo BRI R R E TR R AN G R RIS
Hﬁ’ﬁ%ﬂ%ﬁﬁ%mmiﬂéTﬁ%#ﬁﬁ%ﬂki%0%?BG?&%
BAR R A € & 2R 0 & 27770 ISG & ANSI %2 N14.33-2005 a8 4p %

FE & 20t 1 [19]

VURLEAE R Al e n o & (can) P oo HECs R 0 L R #
SERCE 0 RIS R Bp i 2 B BT WP 2 R ata F (canister) poo AR
AL AE Y g2 - AR A E R o A RRdg ent P S Rl i B
CERLAE LY 0 B R G -H 2o S0 2 BLAE B VOELEY 0 LA @ 4k
FARERF[20] xFRERR

1 &7 @+ e (P88 dE (lid) )

2. ZE NRC#Hw @ % & jugFpris * 2 %it4n 7 (canister)

3R R AV - BY LAY LY EPT RE NG ERE T P o

BB ERT ;‘ti\ Bdh 7 B G A P ePRLAR PR R S JF R PR R
l:‘)# E\‘;}E’i% E‘i”“f’_l—— ?;#_i "l‘ l‘x? oS /F' F-E—pq ?4 £ q;?,ﬂ r’:l' s Bt ﬁ"‘ ) :‘_f': #_@
Foo ¥ F e

h—\

¥ EIE e ZE B~ w (retrieval ) [21] -
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% 21SG-1 v ANSI #7428 v e [22]

ISG-1 Revl ANSI
Ger el I Ir e Bl PL B SR aE Al N 3 3:S AR A
& SHAATE R B A - RE S| E R LT AR
FAp S I F R AP o SR E AR AP S B SN E A
——‘ mf‘fr}
ik PORL A R L - WP He g ?Eizzi:fﬁ ’
iR AT BRI E o | W7 gy "‘f?f#— A
PRI TR E R
T L AR AR
Bt Fopte ol ¥R
IS X -JEX F AP T ] Vel it B AR 1
BHIVER A N TH o doRHE R|EFERTIH DN

3. _ﬁ% rr]’,vl——i %l)‘ s Iﬁ}sjﬂ"} ﬁ:-’ m .
(dummy rod ) B~ ik i & 22 i 4l 4h
Fhs L <A

4. mEir ¥ RILSE (drdzE

5.1.3 %9 4]

B9 AL MY B R RUR g AT PR B R £

TSR AT ik o A - BRI YR e v RRANE (L AID

PR R c MBSO FL G BT R AR GRE R T A
B2 b % 2R 4 W ot i (Buda) i ek 4 # K (claystone

formation) & 73 & o 3p 3+ 2065 & {8 BB 4038 7[23] »

SIAFE G - BPR R e BEREY AVVER. 87 1> 2l
JOTHLE E R A ] R A R R AT 0 s R R R B R e
PERis L e d W 2 P REFF o BT Y 15 B et gk i

oo B @ VR T R &% 4145 (sealed bottles) ¢ 5 xR B4 Fris ¢
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SRR G R E B2 AW AR e (T KRR RT K
4315754 pF13 3%% ¢ (modular vault dry storage facility ) [24 ~25]- B % Paks NPP
3= B RSk e (leaky fuel assemblies) - F]pt v * p w0 v B 3

AArs Y B Pl ey R o

~

BALE > R FEF O EPS WP AL R P AR T B Rk A R
773K *5 (transport cask storage facilities) o 3| 2027 & » #15 % & Fy g * i ¥t
Fledanged LEETeERY o DR BIIEEEHITERE - P

B A # AR ¥ (heat-generating waste ) EJZK 5 F-ht » T ¥ %

WA RIS R LRI S e R AJEA S 2 R 4 [26] -

RBE (7ehF BB 32 PWRs e BWRs » 2 311455 £ 284 (842 25
BT R* o F e SHP T - & PWRs - BWRs v VVER T i » B {6 2 11T

Ji it 2022 # B B [27] ©

MR B T &9 7 flp 02 F AR B g P > 15 A
FE RS TS R IR B B e R R A L
D G HRRITIRAF R R R SRR T B R Y REFRT R
B i HAE R AR A PR 0 Y SR

B AR RAF[24 5 28] @ b F L E P R G AR Y AR L E
B Bopdg o RIY nsFicd figes B3 4% § (dry storage basket)endr 2 iz 8 o b 5

- $F BRI § 2 P 7 ST 2 B R

1995 F B E% 24 § ¢ (Reactor Safety Commission, RSK) #fg ¥ &4

0 Bk EE A4 (cask) PR HRB-HARM % 0 Bl B3 X (gas-tight
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containerization) & f BT B (moisture absorbers) o * 0 E B AR RE R

=
F_k
-
3
hr

chiF 7k % & (special capsules) & %3 ek 2377 ¢ 3

BB ORT T Y & AT 0 LA R A A R o R R AL
G ¢ it £ (sealed capsules) p AR RS F A o Wi R * L h
gt PR E 5@1 % (transport packages ) * /% i@ﬁiﬂiﬁ Fo ;zsﬁ@?]a ghap 2t
FEBE Y EP RS AP e KL e R R BT R -

et (7 5 [29] -

CASTOR %2 CONSTOR % 48 5 1t W GNS = & (Gesellschaft fir
Nuklear-Service mbH)> 5 % & B 3 s+ B 3 4= b= 5 3§ o3 4 R4 B T E
l%%i%ifi ;{i f%%iflﬁ—i) o ﬁ“":}?@:}’ mﬁl}"v—%’]‘ﬂv’rp ﬁpﬁ%ﬁﬂ‘f’

I P E g iﬁﬁs?]—%i’ﬁ*é Fhowg o TR KT EFEA IR PO AR T o

5.1.5 e FI

Wete ) 37 B F s B R P 2 o 7 (State Enterprise for Radioactive
Waste, SE-RAW) [ F 2xdt{d g tr g 12 o 4395 2002 & 23k > s fldi— 2 %
Kozloduy +% & i 2. * i 1%+ %5l ¥ E A B i (7 A2 » R R 23t i
W% S B e w)iE A =3t Ozersk =7 Mayak fg ¥ i+ 3t Krashoyarsk £
Zheleznogorsk f g2 o igdt * iE7 3 Ykl p o B ¢ friEst Kozloduy 7 sk
BN iE 3 B pT o3 % 25 (Spent Fuel Storage Facility, SFSF) [30] -
Westinghouse ~ Enresa 4= DBE Technology + Fr 2k 32373 £ 4 ~ @ P i g 3
# (LILW, low and intermediate level waste) &2 % *5 > 3+ 2013 & :F #% 17 Kozloduy

PRy B Y MO R P R Y 0 3T 2021 F B SN HEE[23] -

#4c 41 27 2 Kozloduy +% % e F @ B8 ¢ e VVER-320 7 sk R -k 5% 8 %

f= 1974 ~ 1975 ¥2 2006 £ B B° e A& VVER e o
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e U IR 5 BN R (T RIGEPF A 2 e dp 7 (sipping indication) -
A OGEAE kG W L R A A o 4R 285 4 ok (failed) o Ao fu
R B A R B RO AR P T e D B4R (structure failure)
SORE KRR R By 2 e [BIIRP o AR B P AR AR e

# (sealed package) # [32] » iz ¥ g ¥ & Adp 1 E 5z iR R

% 2% (failed) e E 483+ i 2 8 VVER %plpv s g3t d B (sealed
containers) ¥ ® |4 L AJT S 0k o B AIER-AY - BRRE S > Fl 5 R4

Tixg "B R AR s [33] -

5.1.6 3 &

BL B R A R AR a2 - o L EP S B
e R B R AR P AR R S Y W
W A RE EI|E TS HEFO L S P AR Rk 4 AR

TRAC D BAOEREEF BESE 1 B Y FRE[34]

2009 & > zp & 47 P TR ¢ F 3F o 2 (Svensk Kérnbranslehantering AB,
Swedish Nuclear Fuel and Waste Management Company, SKB) # # i z_
Osthammar # (Forsmark) % #* iE+: 3 Pl & %% B H-1 (final deep
repository ) » r2 % QOskarshamn # =7 Clab # #p p+ 13 3% *3 (Clab) % #:& * iF{% + 2
A3t KR o2016 # 6 7 o @ IR L 45 5% > ¢ I 5 (Swedish Radiation Safety
Authority, SSM)4~# % *_ SKB = & 2 4B ¥ 373 &£ H R4 » ¥ » Stockholm 2
¥ T B2 (Land and Environment Court) 3% ) &+ G 223k o 8- L8718 >
SSM 343 2017 £ 3 2 B M3FR B R 60 L F e Y & F T d Y G
B ek - [57]c & SSMiETF A2 % 2 # FRBEE vy BRPHL RS

EF AV R OSSM B L 2N B ELL 2R FARTIE TR
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RFLEREY LI - L rF T T & SKB I B Ak i S

e 34 2% B (encapsulation plant) o

v

Bll 5 SKB &7 & @i ¥l 2 13 B4 chg 32 % AR o g
paidy 10 AF BRRAEE  RE[BL TG ORI EATRHEAKRE A
A% g YR 19,000 = F o ¢ RO A 3 60,000 = i
e 44 160,000 = % # (¥ & F fBER 40 & k3 H) o g chpRw s

i A B Ghd B R s A B 40 R B 2 [34] -

SKB's system

Final repository for short-lived
radioactive waste (SFR)

High-level waste

Central interim storage facility
Nuclear power plant for spent nuclear fuel (CI.b) Final repository for spent nuclear fuel

Bl 1 #55 SKB =& ¥ @i+ % 2 P13 g b 2 3Lk SLRl[34]

PR EEAL Y B AT SRR AR 9 B0 ] §ARE
Pl WP Y B RE i (Clab) » B F L ok 30 # 0 A E R T AL S

PEi o Aok YORL I R BT LG AR BBk SR £ T K ke

ETTS
m
{3‘:
F_*.
(s}
_E
1\x,
=l
i
X
e
=
T
ﬁ
(¥

R A RS 0 BV RALR 2
gt

AR E T oA S ch

fﬁmfr%(box)éufﬁﬁ_i ﬁ%%%a,ﬁ\‘
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Clab s34 #r i 3b o 2@ ix 1 Clab P> Pl i ga e B2 2R 5 - =
FE AR OEFRT o e 94 ) [35] o dodk M-
Fraskdn Ot Ei S T BB D Clab # 7> @ik @ 44137 ok @

DR R Tew ] PN 3 oAz oF 5x10%Ba/kg o P E)ET 5 RS IR [24] o

gy L ¢ Hp Py s 2% 5 (Clab) o 3% BT 33t Oskarshamn # = % 20

N % Ti&‘c& Oskarshamn +%#: 7 Bt 1980 & B 4oiE 551985 & B 408 8

N

Py A £ 11,000 #F > & E 34Xy 200 #E 0 > 3%-KOREAE 40,000 = 3k o
Clab %% 2|6 4B 2 Blo Bzg T 52 % 15 2 @ o admk v » %l

B8 I R T REIE S N8 5 0B s A ST A A TR T

Bl 3 2 Clab #2c~ AJZ ~ A £~ s ¥ B3 22 Hitx LRwP 2
AR ITPLA([34] -

fon
e
RES
3
‘_“11\1'\
4
A
¥
i

1. * P 3 4L iEEAEE ~ Clab B w1 ifﬁ@ T~

e KR Ko ELEEHEIII PP A LT RFTEA 7 E L

R TR EE
2. FiEPS Y TR E Clab 2 FE42Y SFpg R AL o FEoat L pE
FIOEORAMFEEEEN UL RAFET SRR RS HEEEE A
ﬁ‘,fps ;

3. FREH I F TP L @HFI RSP NP BFEEN T FPF R

S
T ) ’

eI Clab B* 2 p7iz* i g > hSRRFEIH TR

>

. 4]

4, FEHENWRFL G AL Clab o # KEF T 7F 2w EH I

fL

EFwd HFFEIIF

L F B R R ¢ 5 R ORGE T Clabo #-p 5 30-40 & % 13 il o
BB W P R ET AR L E PTG AL PR AR Y

E(box)# 11175 A EHEH & Clab ot fr 5 st § 04182 3 Clab p
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PRl R B E AL - AR R (R E T £ A BT

T s o glia g ) [35]

Wikmark % 4 (2014)3t3% Studsvik 2 & $HEUAE * B 1+ 2 B By e
PR EAS R R[36] B irdp i EEAE Y B RE LR
P& $te iR ik - fogF 7 che % (packages) o B W i 53 8 ALAE
S AL e i o Studsvik NCS 45 ¢ £ (4e Bl 4 o7 ) © G @37

R T T - TR RS 2 B -

Bl 2Clab X 3%
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e 5 DSE 2N Bt T

z
1 /|l

bEse gt

| RS

|

PR R AR
R

—

Bl 3 Clab 2 ¥ i 1%+ ¥t 2 3% (57 £ B

Bl 4 Studsvik NCS 45 & %
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517 %21 %

=g e it e ¥ 32 5 (Radioactive Waste and Management Agency,
RATA) #2001 & & = » % 5 5 ¥ Eird M A&l ¢ Ignalina +2 7 fu A 2 #77 2
iR cRATA B oL 4%k Tl &7 2 2@at @3 Pl {od
B e & 24 %[37]° = 4 7o Ignalina 12 & 2. RBMK-1500 & & % 1

2 55 4% 0 3 2004 & 27 2009 E pE AR R ER et ‘ﬂ,f i 22,000 i %4l e it o

PEP AR O BB R AR E - RF LTS
SRR o P B R AR TR (F15) 0 102 K A

BR2MBEEY > REHBIE P o

#2345 Lithuanian Energy Institute < )‘k(2013) [38]4& 2 » H-wrAliE g

R
Zd HpEE > F I Ignalina 1 T Rt B S R e ) 3R il X T dE R AR
(minor damaged » % # % £ chx M) M Z A & gIF (major> TEEE
BAT R AL JGERH D) o BB R Y BRISHART & SRk

(circular) > #he e (longitudinal ) £ %% & (complex) = fa#g | o

'=:

1?
‘{_\1

BLATIPH AL R GRS L R

TR b Y oo
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i
N/

A EP G PR IE R 0 S T BAT 2 8 AR A R O R RS
BT > o b4

FE 2_Ker< 0.95

g 67 % R U
BEORESEAE KT R

TR R BT vl it 32M % E T%JFFS},"@?‘;
hd B i

ik

R RIT A g R s

3
=

S|

;&71(6 i@f‘ﬁf,"%i
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51.8 p *

pAPE R P B A8 (Nuclear Waste Management Organization, NUMO)
SR FREBAD PRSP S TARL R FOEEE = . NUMO # 2
J8 2025 # =+ =i H 0 F F Ay 22035 £ o 52016 £ R EHET - A

SR AR LETRE TR LY RS R FEEAPE 3

P RA - B f R ASERTE - PSSO AT 84 (Spent
Fuel Reprocessing Organization ) ¢ — #7i% % ¥ #F 4. FIfE < 7 £ KR P~ AL
IR AEOF R B EF D T HF2 4R, R BATIERM T

?a}.»ﬂ,? IR A A4 E ’%—*ﬁ#ﬁ?ﬂ'l@ﬁjﬂ@??i;ﬁ?ﬂ{& I'qp@

M

PR RSLEHE MRERL ACET £ KRR A § S AP EE R by
S RAHP AR mT A AR A AN S AN EE o &

a7k 2 @ (Japan Nuclear Fuel Ltd, INFL) » & 34 7 * 845+ 70 £ &JZ[39] -

Podcnpon so A @ P el g ki 3l (U) frds (Pu)
2 gk @ o Ft s NUMO ehizi4 2 MOX @l 4 4 ehv P f 4

(ILW) fek f £ B g 38 BT F 13 A 4 o Tk -

A S e et AT B E 2013 B 4d P AR S R
#1 (Japan Atomic Energy Agency, JAEA) i # » JAEA p & & ¥ &3t < fer
OELEE NSRS L SRS A AR A s
REEES 7 A A PE e TR R A8 % 0 JABA & % gLRl Rl AT aech
by TR S R B PR AL & o

2016 # 10 * 5p 0+ 4 R4]%L A € (Nuclear Regulation Authority, NRA):

PP R R R 2 BRI A RERE T T 2R UK

V-24



b s A B A RGRER P AR R R ERERL R
EOOREFZNAT T EERE TR .

PP R T AR FO R PEEE o AR T4 2P B
AR A4 g TR gAY 2005 & & F = = Recyclable-Fuel Storage Company
(RFS)= @ BB e R i3k e gL (T X 4 F SRR D 237 £ g2 *

W7+ weplpr i @ w (Recyclable Fuel Storage Centre) » 12 & B fa i 7325V B % »
© 32013 # 8 " moa - BLUHKIPTF R RIS 4B 6-70 H FE 5 ¥ v 3,000
WEH G PR o TRt A S £ #iE 5,000 wEt i hpld 2% 3] 311
FEPL 2014810 5 NRAY 3% 2 A4R {7 0 P03 % Farng

FIFIRE BELE 7 @2 F[40] - BB sk AR4eT[41]

I~

@ BEEP AR 3)IE I BIm T 62m A3 A 28m % i

/4,\

BARE 15m-
& ZBHAFET P RALIT LI
® FEREFMPEENT FALIREFEEIHNSE 3 RS

a~ BdcHE T TR E Tl BHRARERE LD R B

ESPRN R
b pFH R D AI* F HC R % (air pallet)iE (7 £ HERH2Z B o
(o ﬁ?l’f‘:iﬁa:j‘;#ﬁ%ﬁiiﬁ WETE B o

o EEUPEA T EBERCIEES R ERHERT X 28 B

as B OBER L ERY R 3K F R TERE -
b BjE: & BEfERLRFEL A
Cr XTRRh 1AM B E g

5

d- ,%%H%“,lf DR ’**&r%f@fii’fuii’fﬁiifi@ﬁ%ﬁ%“f °
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Bl 67 £ ALz % i3 Py ¢ oo - g B [40]

H

2ANRKSE

oooa  Doo000

3

REFrRY

#EMO 8
{ WS Imx g7 9
! (T8 LR 23, 3n)
200 8 |
&3 5mx 4T i
(Tl EE#]. )
|| [$H pmmmmn—s

ojiejele. i
L o)|oje]e ole
e | e | e | e | s | o [f s | e | s | e [ e |

FERSFEE (REHM)

=
HREETER
B 77 £ RJE2 % i PR Y v - 5 B R B2 6 B[40]
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3T R RILZ FE P R o S R B [40]

BN

LT i S

M 4 SR EED /- IR L 4w S4BT

E- g

(%)% 62m x(£ )% 131m x(# )4 28m

B

4 4 288 4 49 3000t

&

BR |9 L5mprs w2 A RIE T

&)

&)

HLOM(PFE R e B R TF

£ 0.8m(&

£ e A RIS EE)

9 05mMEEE T )

Ejrp £ (Louver)

E R % 0.3mx

£ &R ¥ 40m 54z

W REE A

B &
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52K W~ 2R T AAR T RITE LK

£ M ISG-1Rev.2 R 2 FU 2 B RHP LA F BT R EL T
TR R S T RF AR 5 AU v (Damaged Fuel) ¢

(1) 2 AR SN Y EWRE2EREF A gRAA
F A POk Rk B L] R G iR R R B IR T h R o

(2) PR S5 I PGSR S SEN éJ:é;p o SR A
LS EFERTHENAG L LB SRRSO
FRAH -

() #HEEEFAHE A P EERE L NERRLE T P ERA Bk Atha
IR

(4) PR ASHESEEHFLIRY 52 W m 2 2 F A4 ¥ ira (S

B ) AT 2 BRI EGRREETEROEE R E AR
*
f

}%@ﬂl—iﬁ}% R ARTE AR SEL A PR (i) 4 feenga) > (i) ¥ oa % E'J%FE:‘; _'rf’J

it A (i) F AT DL PR AR ENL R 2 R e L RAL

R R R A T[42] -

AR RS RS MR L
IAEA =+ 2009 4 “t3 {7 spbdf vt SRR 2 ¢ [43] 0 2 MeEL PRE T B0
BAR R 2 T & GRp »F RBERDE > RO EFVLT RS F B
FATEH 2 A AR ZE T T BT S g E2 (FEDH R O A
B s A R .,ta AP T L BPRTRZEIFRALT LA
_i%i@m?inmmmMQ%1%33ﬁmiﬁﬁwk’ﬁﬁﬁﬂﬁﬁﬁ

25 (reactor-based) z. % _& & 123 :xd £ M 5 A (performance- based) &

Spt

BT EE AR I P R e @ O M S SR
/



FBAZR 1L IR E 2 ek R SR A AR F B T RAR S AT R e A Bt 2

W £ R R %5 A # $4(Director’s Decision)#-gLaE 7441 T2 T & 5 Wk 5 6 4
LT R AR G AA5] ) AR BT B RS AR L B d

ik

2 3] NRC »* 2005 & =i p#r2 iv 4 § = B]-1 (Spent Fuel Program Office
Interim Staff Guidance > 1ISG-1) [46] » 1 P35 foiF % % 2R[47-48] @ 2.7 iy 5 T
HELFHEP SR OAE TP R LY PG R R R N e
EEE R ot ANSI B A - EREZ T CEE P hRALF R
2005ANSI £hdn 51+ 384 ) F e ISG-1 492 7 i > WRATH - 2 LI L K -
A 1SG-1 73t 2007 #eie i Rev.02- deciis sz p #5172 RIsg P il 2 - %
PR AL TR o mEEE P REZ S AP L ERER AR S

oAimm 2 B R AL A B s B R e @ “,ﬁ% gz vhiE e AE i ge s R

=3

WoRFARE T VAR AEIE PR 2 B iRy Do B @ w R RIE
BRI F A HAF S PR ZEE T AT A NEIS R 2y F
2o FAGRINE SRR R T RARL S LB R o

4@ 8 91 P US.NRC o8 gk ie 2 | 2 i A2 a4 p WpE R 2 4 5
EFFap 5380 FERT L& 5 REDEE > T SE R L i e K
uaz bl L .7 5 & L 4F (undamaged) o @ o bR A G i Tdd Fadh TBOR BF
Pla & (- o7 MEFE I ZRERErTrE 2 M T £ 54
BRPPREE R R B RIT G- HREEA P ARG P Y s
Mo TR e AP TRF rie T TR 2 0 FEE R AP @ﬁ%]

BOF Bl F R RIF Fpet AR S A R

F 3t F RR A Rk B 2 =042 0 48 B [45 IAEA Nuclear Energy Series]

Cgt BT PR R Y S B d f 1 eh A S S S iE R R4 ISG-L AT
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B 5 A2 gp 5 (breached rod) s Ev il & 2 de B F AR S SLEUE RR A
FOFFICRT 0 R AT % 349 (sealed capsule) ¥ & {755 RT R LR AL H Tk
B HAFHPRE ST R o fu 29 R E- H & RF PO L e ann
AR R F BRI R AN AN ERIPF R TEEERPIEF
RPOR R R i a2 R c KEHR Y L9 CASTORV kit
[49]2 B e dr e ¥ B ZRETERRFTEAPE T B &7 AR
ERBEEE R RE N E T 2 8 RGATWLGERITE L AT

PEoeF (R 9&E 10)3 F1F @ S gL Ok o - 1T A 2R ISG-1
REFLHET UE > R R - BRI AHCE ISG-1 2 Akl B L
G faz K RFEH ERALG R FVRRET L s FHEEE R R R

BT PHAcEE RO mEN A E o DR A EHL -

BRI RrE - R R A 5 4E ok (failed fuel)fe % 48 %442 (damaged fuel)
2 B R B0 R R R 6 A & A8 F AR (end cap failure) B 2 & + v
B E R ISG-1 ¥ B 4ogtt F 54 A (penetrations) 2 sk il AR 0 & 7 B A
(gL @ R ARG R A IR R R A R TR % 22 B
e EHe T FRPEE = US NRC 2 2 &4p4 » 7 £ 5 k2w

Aok IS PR AR LAA

BRI AR RN LR R FEARA DB IR R FETE
(container)® - @ jo ik pnid - TARR G R GHA R o A AT MR IR A A
F g 28 2% (reactor-based) 5 i B BB RN E e s 2 AT i N AT bt
Mg B2 A e e 2 EF R RLAE VR 0 R AE I & & (elements) ¥
TUREFVET I RN o B AT RS ¢ o e I 37 B R VR 4R M B AL A e R
zA(sipping indication)z_ % % » ¥ F_& 4% YL & 2 28 (grid spacer) J) i A & F_
R 2 BRI S SRR LD F U BT L L

%\:}/‘E J 46‘ p$3LP °
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FHP A2 A FEB AR LA S R0 N AR T IR 2T
TP e D WAERTE R Bk Y R L E L B e
(AL - 2F A2 IRBEFHE A0 B e SR it
B¢ & fobo b B US. NRC ISG-1; 1o 42 % i fesk (v £ 7 7 30 @i 01 &

i 0 1680 # FRFAGPL > pedg BT e 2 B R RBIL R R Ry

Flpt oo B E-E R EA ORI R R R R AE T R E L IR ULS,
NRC 7 @t vtz T afft ~ ¥R 5 2 > BT iR (74
% o ok ® % dt4s F canister) s AU B ¢ 343 45 (consolidating cask) > ¥R & - ¥
BB AT B ALY PRk R MG kA Jid B AU T
EfRGEL S RERT R P o pth o F LR HRAFP WY w2

FHE A EEE R RS G245 3 % US NRC $ALF 22 it

e

¥R E BT CE R B R T R R SRR S s 2§ e

Moh AP AR EE S SRz TR o

SNF for specific application (intact,
breached, damaged)

/K\

/ e Breached SNF
= <. ?”rffr'ifﬁﬁlﬂ >— (pinhole & hairline,
hN gross)

\ N4

' \‘ Mo Breach larges, Yes
p Not grossly |, snowgnto | Grossly
 Fusl Assembly breached S Melease fuel breached
N, Defects ) T fragmants 3 —

\ \1 / i 1 - / -’ "

Can SNF meel
all fuel-spacific
and system-
related
functions?

“Zrosaly bresched SNF iz rol readlly ralnavable
Therelors, for slovage puiposes, grossly breached
SNF must be classifed a8 damaged

Bl 8ISG-1rev.2 ¢ $Fuhidf 3ok fi 2 ) 2 Jn 42 B
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ool 27

d

Bl 9 CASTORV # # %3+

corrugated plate
outer plate
e surrounding plate
_—inner plate «gusset plate

—0221.5—

elnlndndindindindndndndnddddadd 2 2 2 2 L 2 L L

3
VATV A RN

e e et e e S 3 S S S AT IR S S S S SS S

~ A

NN NN

Bl 10 CASTOR V/21 # & BHk3"
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521 P 2 Bici? @RI RPPFEF LT 22 A BB T

-

PRIpm T H @y vl g Biet e % }_%Ea‘ﬁi‘%J 2 TR &
PERFT iR v 2 RECS T R R [Bld e HEr 2y i
F & B AT

1L “82 (R F e RT kLR EEEL)

SERFR R Q9% L hd R GG R RS T

o

PRGN EF R AL 27 e hpe kR RS ORE B VR &
i Fh A% EE - BWRfr PWR 2 %04 o %042 55 GWd/t 2. § i & 5 &
T 395 20um BWR 3K a5 100pum PWR 35 a5 120pm -
BWR z i # jk & % 300ppm - PWR % 800ppm °

Fo 3o PR G Tt s B A
Wprie AT vk A L 10Wt% Apr FH AT vk A Y e B EEF 0§
CEER G lum~ & fF SfTi oppme Pl p3R2 - F L4 {rE RPN 2 G
Flss €253 F Ko bl 4 S TOGW/t- § & B & 5 10~25um -

PR Y 2 S g RF kA S

2. iy (BETLEEFRAN  BERM T AL LEEAT S HETERY
HETHAIGERIARZERRT K FL)

A BET2HEERAI

BRET o B RS 0T 2 B (creep) Mt o AR R HA
W R RN RILE R A > LRI A2 B 0 BN BWR %42 5 50
GWd/t 22 PWR %:4< % 48 GWd/t & il therdsk & % £ 2 B 5 1%

MT g P EREERERE o LI M AARE 1%ER B -
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HEZBERERSE
2R T aTER

%= TOMPa > PWR 2 5zk7T

N A= el

% (BWR 2 358

EAelk o (ROR N B)IPM > EEERERE

FHEEERZ 265°C Rk

FHEEER S 275°C> 4 5 100MPa) >

D k2% -BWR2Z#EZE$903% - PWR2ZEEESY0.7% - F >

WERHERL 1% T s T I bR AR -

B. B ERMT AL 2 LEHMI

PR ORI R R AR FILEE alpe Y RERANA LR § VU REY

Fo e EF R LIRS RHE AR R PRR TS EEA LR A

BAEERARTE o

2 Zr-4 2 33 BB B MRAR RS TIE 8 %
CHTHEEM AR LT i 2] o 5
i H iR e &K

pARP 2 BWR 2 42 5 50GWd/t 2

C EEEAR 22T

A ERGRG o AT L EFFIT NN ERERE T R
W A L T

YD ERP GG o

A4
;f'}t\:%?b"i{m S,f:gr‘]

fer ERER S 266CHTw

i EE3

AL FAE B P E R G

Zr-2 » PWR 2

Avz G E B

weis L 48GWdlt
i 4v BWR £ PWR #5#1 % % 300
Sid BB EEHAER o B0
PLEEWATE

P EBFEIINERERS Er T4 VA€ R

i )

G EREEEOBRENLTE L 4 S FEL G

e g ) BWR PWR

40GWd/t 50GWad/t 39GWad/t 48GWad/t
Bk s | R4 | 7TOMPaz T | 70MPa 2T | 100MPa 2 F | 100MPa 12
MRy v | E2E | 200°C1 T 300°C 2 ™ 275°Cri ™ 275°Cri ™
ERE. B
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D. 2 &+ KR

& 4 J 4 B i (stress corrosion cracking > SCC)enA 2 % I ¥ 5 & i (57
CYH R AR ] R BT B A TR A G A o B
g2 25 8% (pellet-clad interaction » PCl) ® » #-¢ ] 5 %l 4 At
FEPF2Z AN EREZRFALAIARPRS a Pir A@Erdd o
o MREEET RS E RS FRAT

AIEREHOR A AL LR A AR T EY R
WL el MRl V8T O FEN BT REL A € F B T Bdg st

PPz B Y 2 SCC 2 485 2h4

3.3 sam g T

PRl Y Y R E B2 oY R R T MRS
WP AR 2 B A T o EMRTA S 2 T TG AL e
ARring 4 (d 2 ehd 97 4 JEE e )

FiE - AR (P T )R 2 P 4 (AXI0TNARR) LT i

TR P R 2 A R PR R 2 it R (20) 11E BT

#op R s B(1G) » i)Y p d E T (25G~45G) 2 B 4 i | FREREE

R SRRk 5o

S pd ETHEER g 2

NEO-2569CB | HDP-69B | NEO-2552CB | MSF-26PJ
(B 12~ %
6)
pdET [kTET |18G 20 G 17G 20 G
iR AT
B2 | £BHET |25G 30G 25G 45G
§:4

¥ob o NRA #4558 % 2 BEHF AR F T B ER%K[62] o 4740tk &

300cm/s( & 7 % g ok 4 PR m 2 eI b LIRS )R AR A A INH T



MpFEAS e R AY BERERBRIIANR (R 11 (2) ) R FIGFL 2

< s+ 5 1100MPa - * K s+ 5 205MPa > 3 4 f % ch %25 5 = = il k
<+ % 1701MPas %% ik fis 4 5 890MPa» % 4 4 ch# %35 A% 5| B ¢ &
Wk A SRR (R 1)) e FFga 2 25+ k4 5 530MPa >

R4 5 205MPac oo A IR A B gA -  Filirdk s B4 5 556MPa -

" k4 5 890MPa > v ARG RN o

BEEYAS

A{kE

LT~

el IR
—

B 12 HDP-69B £ # B [53]
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7 6 HDP-69B £ 4o L1 4 [54]

BiE g A

PR MHLRTE % 110t

@ E 4 5.4m
i % 2.5m

i 69 4 2

kR # % 12.1KW/

BN ~ 1Y e R s
£ Rk (- %% -%F)
#E 34 (Fde? i)

%

FH+A5 %

% $HH BBE Y

FHT R B ERBRARS EAR
Yo ot 2 Al A73] 8x8 & & v

B VHER 40000MWd/t

ksl A Jr R 18 & 11 ¢+

5.2.2 B B RLIT R AR 2 2R BT AL 5

RACHL R EC W R ORI RLE S R RS 2 AR -

FIE g o A SRR TR R L R R AL

7“‘5&

MR Fhodk 7 97

AR P FE R SR GEHERD & K
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% 7 Wﬂ#ﬁ’«’ﬁ"{sﬂrﬁ LR 23
PR | B R 2RI 5t
il 2
1| #R(UK) |4 5% (Failed) @ %4 5 3£ £ % 3% pL4f (cladding | %48 (Canning) @ B3 ¢ prps s » A £ ATAILA R0
EDF = # | penetration ) FAF AGR * @47+ ¥z ~ §2% %1 (45 ) (dry bottle) # %
AR (Damaged) @ 2K 5 SRR > R R IR R | Bl e
7 ® = F ¢ * Slotted cans k B+ i K AGR ZA4L ~ it ¢ 4 "ﬁ% L
® = EE 13 IAEA s pLIp R e e
® ¥ AGR e ¢ DAL K siBgr A A A4 | LR 24 B (Catalytic re- comblners) ERF - LA
ER (R T ) seg ™4 5 Wledy > | & B-= 8 LWR %45 p7 15 & multi-element bottles (MEBS)
3 €T PTG o P sk o Fl G R F E (container) pF o< Bk o ATUE
FREIATTLFATFAFLLG
® M7 RIFHREBNRT > ¥ MEBS ABETEF # -
AL F
2 | #BINRC | 24 (Intact) @i & ks 4 Fiv] ¥ 5 51 2 & FAR L ORAR SRR R e E AT R 5 R R e
Us o AR % P 48 (cask) P 7R £ U 0 (slots) b o
AR e R A B A ST A R FI* bz Bz FF & 4x10-4 MPa &+ T 30 A 4T E
7 ih (Debirs) @ drRATERE P4~ kS Z 3% LWR g e g p -
3 | @7 Al R e R 3T ARk LR R | A 90 JIRBT R B A A A %44 1 (unsealed
Hungary | s iplsd o it 4 134k o canisters) ¥ bl M o FER RO oS T 4]0 R
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BAR DR &2e

FAH TR

i o

® HIVHFaZBATFLWHEerPHSH

® B VHE BN RIE R (sealed bottles) p » &
APNEFTEE o AGERRIL

S A U &ﬁﬁ;}k ll'ﬂf?%:ﬁ 4 rﬂ"‘;:kfj']"}

= A §
F T

i R A ETIROE R -

L B TR e R TR R TR AR | KW B B R R mE R R
Germany | FERERIRE TR G 4y K PR/ s E R AR R DT =R E (grid
BAR R REE G S P BB G spacers) ~GEE ~ feZEHE 5 (vanes) % HEE L T B INA o
& wid VR RLIpGRETEEERRES | gAY T R mf%i)ifi%ﬁ%séﬁ BB ol
o 3F iz 3V BT 3 4% ¥ (dry storage basket) e @ | #F R 4 TRR H4I & m it w o p § 2 580 (grapple and
B R RE- ) OB AR § 2 Wk | crane) o
oz o @ AR AR AL % 3 2% F A2 (sealed capsule)RTiF Bis P4
® Uiz ﬁ;%f%":%ﬁﬁiif% ('special fuel rods ) RUF R TR EE RN ETE o
Pde L | 8k (Failed) @ Eskedpon o ® BFUHREGR AP ARt Ko (5 AERS
Bulgaria | %14 & ¢ «Lm‘é (grid spacer) & #7a_ix » g%t RTF )
7*“’]‘%/?» 2 TP IR o
® &2l A w4l I a7t enfailed rod - P A_E
5= BUATRLeORLIE VR o
L TR e B e B R R kSR | KA 81 Clab ¢ W pr oo SRR et RS
Sweden SRR RIER T UL F dn A e TRy EY -

R A
BB BT 045 137 ik B e RALE - PR

3% i % (Filtration) : % #7543 42 Clab > SiER &
B AR S R PR I o i e R S
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W ig ¢ S (flltratlon system) g2

7 R WEMOBAE TR A ERT RS K T EEE e > R ER el Y o
Lithuania | £~ #L3F @ B R ALA T a0 44 W1
p A Japan | & 4% TATE P WL MBS PR T g
B P E i R ;ﬁ“— BN (ERREREA T B | BB HEE AT o SRR e f & -
Ukraine t ikl 12 %) AR e AT 5 o
® FitE-fghsA2 7+ ® “Requirements on Transportation of Radioactive Materials”
@ i it? iRk eT R 1248 and “Requirements on Dry Storage of SNF”#& & RBMK %
oA 0 2 AR R N B %’E % % ¢ (container) °
10 |Slovenia |® R E MBS E B kiR = F F | @ f1F gup 5 2 (clements) F 3k P oo

BTk R
15

Lo PFEEMEEH L AT R o
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S23FSF2Z i EPT R RAE AR

5.2.3.1 W% 2 £.-IAEA

IAEA SSR-6 REGULATIONS FOR THE SAFE TRANSPORT OF
RADIOACTIVE MATERIAL [81] :
IAEA 2. TYPE B(U) UN3328 § ¢ 4]5% 4 A # 5 %P’ % 2P| SSR-6 % 7 % I #
WL ey 2, EHIP
501(a)® »> 35kPa # Bz 4 Sa T Z Fr iR At R4 B R4F R AF A 4 b E o
S0L(0) /& R B g~ & 4focii ~ LR B GHMPE B L AT B SR
HE 2 LERN o
S01(C) & » M 2 ¢ H FmERA X 24w P 7IFER 5 £ 673
Eader? FF 2 RRT  ZHY I F P2 FAESHBEET -

IAEA SSG-15 DESIGN FOR DRY STORAGE FACILITES [55] :

134 P F Rk E o e HE BRRREEEL B asdm

v v

N i

\

136 5cPT&X ¥ 2K F Y s FRB2HRBF R 7 i T 2 X F
TR RSy s frig i o @ REE 4achp 2R Pk (natural circulation )X E ~ 55

7 7k (forced circulation) £2 3% ¥ cid R (ventilation ) & st

137 2 2R A PR AR R R TS O BB A E L i E
Bool Mker fo XS R KRk (T2 TRIT R A LS ERY B4R
RIZET NI HFTEF e 2 I3 RNFTRTHPFLR t 8B

’]‘#3{ SR W A
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138 & B3 R h SR i BN IRF AEL BT M F B R R
A ARERTAFE G ASFE  URBEIATAXTE 6P
RARFF R

30 F LA AT R S e RS 2 R T R P e R A

Rl R 2% HERAME A D 0 B o4 MR HF R OB R

168 » B = 34 0 AR B A A BEE A R4 ok s
+ BT FIRRB R

170 SR 5% 2 2 B AR T 8 (T2 0 5 SER 2 MR

AHFERL PR
5232 # RERTR

g £ R *g #1% B ¢ (NRC)4-%+ 10 CFR 71 % 10 CFR 72 [47-48] L
R EP G RS RT R R AN R A & R A4p ¥ 4 (Interim
Staff Guidance Document, ISG) - @ H @ 4> phdf ~ A B ~ 2 2 A h* iF{7 3 2

2 TER TG E4IF A4p 2 45 1SG-1 Rev.2 » @ 3 A BUF e * * P+ %

FEEREET 0 JMERLLTANE G A4 E S £00] ISG-11Rev3 1
-ﬂ ji; % Brlﬁi J;l—‘t E?%\mm_}ij\ a'_:fi"rpﬁi ﬁ’rr};{i —}\ %3_];:\]. T 3
PRI T SR T 3 4 o 2 4L 10 CFR Part 72 Bt % 3B 11 SR 4

MEHREF LT E 2P
(1) FEsads b A £ PO 2 RITE -
(2) terviz if T Sk = feR (Sub-Criticality)# f&
(3) FaFL™ 17+ YK GRT 3 PR A% % 44§ R (Adequate Confinement) -

¥ ¢k > ANSI -2 N14.33-2005 [19] =_% 7 & pLdp e LWR * i+ 3 2flcngg

S

FEEGEE T MO S v e 3T PR A e LR L Y P R A
Foo RS

LAE 2 fe i SR AE fr R ALIE 7 B PSR ik
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2RLAF e B 1S PR e g e I oA B AR o )
B3 A o [T R R A

A RLAE TS R e it 2 S dg(canning) & R o
5233 KFZRTR

# B R+ a2 (Atomic Energy Act, AtG) 2. &% = ¥ ] TP T F AR M
FRo B2 PREAN VA ZBES (B 13) [ %-k&xiziz ¢ 3
Laws f= Ordinances ; % = & & 5 g2n{c & 4 ar 2 #pa] > & 7 Guidelines o
Recommendations ; % = 3 1 ¥ & &b Rfri g M 2 R T 4o KTA rules

DIN ISOrules - @ & B3R {7 ¢ #4228 4o B 14 -

Legislation (Federation)

laws
ordinances

guidelines Federation and the States
recommendations

national and international rules expeﬁs from'inillustry,
e.g. KTA rules, DIN SO rules expert organizations

and authorities

B 13 L BE K
R+ it 7% Atomic Energy Act [57]

B EPF REpT AR £ RN R
Art 6 @ * 35+ ¥l pT 3 3% 7 % Licensing of installations for Storage of Spent
Fuel

PAE PTG R BT E oM A P BT R A R (F

=

NEABFERF L FiE-

F

B BT % o

\

Ry

=K

o

PPatR ) B EBREEY

&

|4

- & - PFE (.{].l
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R B AT E o kg Koo LS
R RIS ER LR
SR R R E B 2 2 iR
Art23 D *EP S RRET R X 2 E IR S TR RS X 2R RN R
(BfE)
Environmental Impact Assessment Act (UVPG) [80]
BBEPEFFRR A FL0D o FH[E 1 RS IoAHK G P TR ERS
Bo(e3ars) S s Wit 4 fod it
e BArR B F EINP T UFRIE P AR AT RBEREF AL
AP T A AT EE YR RL/AR
5 & 1# & % &) Radiation Protection Ordinance (StrlSchV) [80]
o G2 AP h3 IR ok s R R o R R0 R 4 A
ook £ PR ST 3R -
3R L R BER BARR i 0 hF £ (Requirements Requirements for
decommissioning or construction of interim storage according to the Ordinance
on the Nuclear Licensing Procedure (AtV{V) [80]
§2: ¢ ;ﬁ-—‘ﬁ 7 & % (Form and contents of the application)
DY A Fred e A AR E FIH
()¢ #P F 2
1Y g b 2 el L) Lfl Ao ub
2.¢ rAdp v v R AR A
3K WX Kb g Ao o] o
§3. ~ BfEsgE vk
(D 33 BT F 8377 R & £ 8§
% 2 ATER R

2. Al s A ARk K 2 Lo
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% 2 ¥ P Guidelines for dry cask storage of spent fuel and heat-generating waste

(ESK)[58]
(1) % - & 1.1 & Scope of application » F.F? * i %+ ¥l iz N pris e #
&k -

(2) %= F 22 & Casks» P EFrFHE M T EF LG E L 250 0 Uk

KOs DI U R TR R e 7
REOHERE PR R AES P FEP R A B HEU EP

S e BER BRI T B SS aAE

() % 6.3 &P ik Py 5 &1 2 1% b(Radiation Protection Ordinance) % 46 i

(4) % 7 & Structural Provisions » £ 4+ §5 B¥3K % 2 fx 5 % #(Building) -~ &

W AR R E AR A

& HCRTROTRLS SRR RAR Y 2N TR AT E RS
TS T EAPM R R 2 g ath Lo

b, BHFUERzZRTEICTRMARPELS - RCFHLRE N
FEF RSy iR A i 4 o d PR T 2 2 BE HS A T

SRR R PEE LRGSR RFTE
C. FEHFREERAEL TR A R E RS N AR B3
B LG e R AR
d RSP IRETEHFL BURBET T URHER BRI E B R

it R ERITFERBRLABRTE I LG o

@

FH N AR (base plate) Rk {138 % B Rl 4 f B G
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l“‘b

2L

rlx

T\4
\F‘b

LA RS

ik

RS 2% 2
f. S S IE S R TR R AR R A L A A ¥ %
AP T ER ST BALL R L Ed R F R

SN EURR e EBRFAL G I pgna

A

il
[

R ¥ 4

4

I h

o

) A~

—m

g. B 4R %éﬁ—?‘éhéﬁl«‘fi » H ”L’f#«‘}w RT3 8T ﬁ%] R Ry

AR BEEBAE SRR TER - L THEER
Blgipdreri S e BF O PN BRI S S W B
AT S LR R o A e ] S

h. %%W%ﬁﬁﬁ%ﬁ@@a?ww;@’Wﬁﬁﬁﬁk%ﬁﬁw

PARWEREFE N FIRAD VLR L G RIS

i. “ﬁ% e i’éﬁil‘,f SYR —%?..‘%f#}‘ﬁ kg ek, d éﬁ.‘%ﬁa% ¢ 7 pT
,—?ﬁa@?}}i T AT Of T G 2R V(R BAL K Class A DIN

4102-1/15 &3 o

Joo RSSO BREEY K E 20 7 13 (DIN 4102, Part 2

to 4/15) o
K. Bk R 2D Wk k S(KTA 2206/16 45-8) -
l. SR RS RS E PR R (KTA2207/17 $23) -
m. ¢ RS SR R R S AR L 9K (KTA 2201/18/45-38)
MEA M RIS & £% 3 Wl T R W2 XY 25w+
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(1) r2p 2¥n (natural convection) & if* i 1% 5 ¥kl ep 43 At o 7

wmal ¥ RY AR I ERFAR BT EESRERT B EHIB

(2) J A x2S B &K B EE (metallic seals) ﬁ&%iﬂf (leak tight) -
Fd Ak F 3 M (spacing) 2 @ FR A4 Wi BB ARAKR T - 0
RIFIZ 7 8F EHERSTr P TR AN FY M ER- BRITE o
FL O RREPFTERTED A T ARE* ERF L NE
~4r# 3 o (The closure system has to be continously monitored. In case of
a detected leakage: back to the NPP or welding of an additional lid.)

(B) Hiz BHXFE P R T (blrk B B BRFZ 4 L BE

) ¥ mpste (U)Ale B30 ME 7 RE A Lot 4 5

&

o

(\x,

(4) EES & *”/F%FA\?F 'P LU 'R‘P-?-'Q En ;}“_E'E?T'-S‘ H B HEEFETF o

Regulatory Framework

Licensing procedure

Environmental Impact
Assessment Act

Nuclear
Licensing Procedure
Ordinance

Radiation Protection Ordinancec

Safety guidelines for dry cask storage of
spent fuel and heat generating waste

Bl 14 EE 51k
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5.2.3.4 FF i T (59)]

JER S R i 2 AP M 22 23 RS a2 (Atomic Energy Act, Kew)
%417 #£ i% | (Radiation Protection Decree » Bs) % » #7110 T 27 k=t 2- 4 4p A 2.
FAIRpPF
B3 &% - 7 A HF FEHF 6] (Nuclear Installations, Fissionable Materials
and Ores Decree » Bkse) » 2014 # -

F 20 PEARAEE BB A EP G R R E R G ST IREE T L AR

(Nuclear Safety Rules » NVRs) -
5% 2B NVRs

AR RE R A F(AEA)E Foadp AR A koo
Bl M P % 2 &g s F (Authority for Nuclear Safety and Radiation
Protection, ANVS) % # T 2 p| @ 3 F i BE > %3+ 2238 i E 9| (Guidelines:
Guidelines on the Safe Design and Operation of Nuclear Reactors) | - st & p|=# 7 &
Z AL AT o
1. A2 LWR~FF*F BBE S8 k2 A% r 5007
2. fRypH TEL 2R FIRL 2014
2.1 Adlwad &
2244 R 2 ARY ko T iR~ 51 H oo R
A7
L. F@zP*RE s #d JAEA Z Rpigma &
2. HABOG % *xp¥75 B 2 & i&4x ANSIVANS 57.9-1992 4p Bf 3R %
3. HAREATE T EPF RN ASAF AT X0 FREN

pri e
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52354 AFR

LRy & plap b 202 2R3 R+ a2 (Atomic Energy Act) ~ 5 51
i (Radiological Protection Act) % ; 17t 2 1 & £-$H73 5 cnd{ AT/ &2 8 F i)
A T AFNFERTFRY o T NE A EAAM L F AR R
;a0 1% ) Nuclear Energy Ordinance » 2004 & -
1L *EPF RS a2 3 R TERFT (5 29
i%) o
2. BAPAZFRCERHEEALEFEIEYEP EY A AR

FEEZ @ AL FR(H S520%) -

WHH AR BT FERET PR LSRG R E R ER (Design and Operation
of Storage Facilities for Radioactive Waste and Spent Fuel Assemblies, NESI-G04 )

[60]# M % s ¥ -

> WTRB ER PR R

3
E=H
.
L
D
A}
&
1%
3
pit]
L
b
'S

28 B iﬁﬁflﬁ' BT 44 ¥ ) (Transport and Storage Casks for Interim Storage,
NESI-GO5) [61] > H p F ik E

> i&y5 ASME-Code Sec. III Div.3 & {7 3% 3+ 2. # 22 & iy

e

£

> At
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52.3.6 #7 JiE L5 0 [25]

@7 f4% i % > < Pl (Nuclear Safety Codes) % — =x i 37 % 1997 & » 3
2003 7] 2004 # @ » & 7 1k + 5 A ¢ # 8 (Hungarian Atomic Energy Authority,

HAEA) %4 IAEA *r4| 25 ApM«h 13 (% 2 A2 & R pE> 20 H i

\\\Xr

+ 2 i@ 7 Hp (Guides) ~ % > ¥ p| (Safety Guides) ~ TECDOC % -

87 flfra % 2R

SARSLRAT AN 2 £ R F AT

% = Z a0 T Bk T & & (Design requirements for nuclear power plants )

3.4.1.1800. A FiEHE L T g B A B A F 8 B R Ak (P

3

AR
]

Ao AR o

3.4.1.1900. fz3rF > BB 2 kA PR AIR LRl e 2 o

Rl

3.6.2.0200. *z 7 $F ¥ 2 g IL o Wiy {epT g ATE GO R B S s B e

v it
(components ) sh1& o> * 5 T o 38 iy o ¥ 73 S R 60 4 Sfe J SR R

s T e & R
d) $0 8 3 RSP B I R S e s g g £ 2R

.
o

eIpT

)

% 2 F %40 T B3 17 (Operation of nuclear power plants )
4.7.0.0300. BFEF L LB R (SRHCARS ) Gadlima > & 51550
FRAR W RIR R e 1 -
4.7.0.0700. # 3 FLPRF R & FE ity R LG 3t ] 0 & 3
a) ZRIP R e i S
b) i ZHPREEDRY
C) HH ek intg 4o
d) #FARFRTOFTHRERAED -
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4.7.0.0800. iF § A2 B frdoir™ & g * > 4.7.0.0700 R 242 B > 50 8
a) Fho AEHE g S VR B R PR A
b) #z -5 & i* & (radiochemistry ) #cdg e, % Sua 74y w5 2oLk > 12
ESU R UE CER PSS I

C) & B RLIF P L T ok 7 B3 AR AL R ) o
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Ssﬁf&ﬁ*ﬁﬁ+m#% FERUNERERNE 2
531 P 2 AE RIBRW2Z 2R E

A K i B EID I 1 A7ET SR AT & [62]

LA L RJZR > p 1977 #fc* > IR ARJERE 9 114098 > 7 BWR
£ 644 ¥F (3,516 Wl w it ) » PWR ¥ 376 ¥ (1,001 %4 it ) ATR (UO2)
% 82w#g (533 ¥lEit) > ATR (MOX) % 29 =8 (190 ¥4l % i+) > JPDR 4
9wp (161 et ) et o B IS & RAJJL% % 0 59 35 16 B PWR 3

AL e (S EdE) B2 BERMEEZBWR B e o

I E (t) RENEZ (1)
A I ) [ T7 e
===BWR mmPWR C—=ATR(UO2) LI
== ATRMOX) == JPDR — | 1140t

=l -

100 H BWR 644t 1000

PWR 376t

ATRUOZ) 82t /

ATR(MOX) 20t
80 H JPDR 9t 800
60 600
40 LA 400
20 - ~i~ 200
bk i | . 0

$52553554555556557558559560561562563 H1 H2 H3 H4 H5 H6 H7 H8 HOHIOHT1H12H13H14H15H 16H17H18H 19H20H21H22H23H24

FE

B 15 g\/‘*#@w -ﬁgi@wﬂ

Bl 16 % % AJER % AL AR o ¥ B 1S SRR B B 3
Ao » R xRN 0 AT A G IR 0§ iR 2 5 1o A

ARPIRRABE 2 BRI PANA ISP B FRAF AL (MR
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PIB R F G GAT) o v o T G Bhfedi e R B0 g T BA

SRERET IS (MP)

25/ RHHERR (DN) u sy
| gues WG TR L
%'m — RN 15 R
e [N P
I I UBERE
—

il
= T | [ 9= gy ||B-disne
< ﬂ mem ILEE Noane

Aiatit AT
REARE | =] | | I—ﬁ-:-;'mm
B A HS5ABHEHHTBIR R Pz f o 52 8 At
Bl B R MATRUE BRHRS (TVF) (PuCon)
(HASWS, E2HASWS) (HAW)

B 16 473 L a2k ¥ 2 1 A2 P8 [
B. % i vk kR (4434 BL3E 319)[62]
§ LA AR IR R G R R AT E T B T ARG IR

otk P R RIAE 7 vl B B AR RS BT PR o B 17 BT 1 AMTLRLH

J;;,*l’” yn,J »3];-—:},_ }i

[\2

FaLBAR R AT RN 0 A B R AR 2 %atn (canister) ¢ f -
HEr T A HZ- 5T p > R 3 £ ad@h0 B 18 5 HZ-75T %16
B 19 Bgor HZ-75T 3462 * % 2alycip = 5 [63] Y & Jrdf 21 ¥3(3 A28
- BRI ) A T ih o £V EIE PR (F AR = B ROE R )3 A & B e
AR T REREA T L EERE N BCHER T c A2 B TS
B iR B S 2 AgiE 850KQg G M o 1T T BRI IR 0 7 A2 iR

500kg & i

B AR T R R AR T EARR S AT IR R A 4T 3R

AR S FEERE BRI A SRR 2 T AR R S L TR T

2 403 (pinhole)BLAF WAL, | 25 4431 4 /| pL4T
3 Jig & B4F :(Debris Fretting) 3 i;%u vl By o FlRIndREE AR P o i S VERLEAE 0 G
SRATE RF A 23 BAEAE R T - > BT EAE A SRR .
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FiOE 26 PR KPR SRR 30K B E S 0 B
PR AT 2 % % el Bfeuplil 2 R AR BRI Y &

fip S

KB RSLE Y 0 5] g PR R PR B o b AT AT B Y

RS BEES et ES LT RS PR

BEFHRERM
l RBemE I ﬁ’r}LEJ\*iL}ﬁ #AE I
I PREHE ~ IR I
87 T BT T2 A IR
(HZ-75T)
BAE R
B EzI T ER EWERITERE
(HZ\J—/?5T) (HZ—?5$I?.‘&*EI»%)
I %ﬂﬁﬁﬁm%fﬁ*mﬁﬁﬁ I
Bs BT FEARMEDS A7k A& i
v
l R IT e 7 I
I ﬁﬂﬁmﬂﬁmﬁﬁﬁ I
I PREME R ER KT I
I PREHE SR I
I mﬁmumb |
l PAELET R I

Bl 17 RO D 3IRT s AR
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WA HZ — 7 5 TRUEREHGR S/ ELX

B 18 HZ-75T b+ 5 3% 44

Bl 19 HZ-75T A pv s E e p =%
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53.2 3 FIBLE B AR ¥

Holtec International =~ & 3= = ¢ #p p= 73 % kL (interim storage system ) & *
HI-STORM UMAX 4 & » # B4k i % % 37 B PWR (& 39 # BWR) %l

o e 45 5iE 12 B PWR (& 16 i# BWR) 4f 3k cnje i & vl g 7 [64] -

Areva 2 & 2 W3 5 ER T LA e BT 5% TG
MTRT G BRI F T R

1. 448 B %58 (leaking fuel ) : 32PTH » 37PTH » 24PT4,61BT / BTH >
69BTH ;

2. AR i %R (damaged Fuel ) fe%idds% 4 (fuel debris)

24PTHF -

Areva 5 NUHOMS MP197HB (@ 20 B 21) * %+ ”*ﬂl—'@%ﬁﬁ%%ﬁ
(transport cask) » ~ © JE{F 2 B * 357 > % 5 E S FER @ﬁ?‘]ffé * e
FCR B Y FRY BRI ER T BRI E R IR B e R e
Fos bt A R S TRR Al B iRl i Areva 2 P RET G 0 gt b U T LB S

# 37 B R FNFHAPWR 228 69 B = B2 3p K 7 BWR %23 fe 12 [66] o

& 20 Areva NUHOMS MP197HB @ﬁ%ﬁf& BT [ 65]
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IMPACT LIMITER
OWwOOD FILLED?

CASK CAWVITY LD

LEAD SHIELDING

BORATED POLYESTER
RESIN COMPOUND

RESIN 0O.D.

RESIN ID. ; ‘>
l
$

CASK 0O.D.

CAMISTER BOTTOM __j>ryraxagr_orrrwy ol

CasSK BOTTOM
&0.735"

# 21 Areva NUHOMS MP197HB 3£ 3£ 44 3% 3+
A= & ¥ Fp g A a2 [67]
1979 & = v@ & Zg 4 5 B 1 (T 1985 & B niE T 0 S ARAo B 22
BT 0 BRI IR YT M (B 23) P B FRIRRLORAE Y o Aokig P iR

fep B enfs B BRI (B FROR T AT F R ke B R o Tl
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2 TMI2 T¥% 4 d 2 p@E LR3I %3 INL> {7 1985 & 3] 2001

_;} .

(%
£

BN EF @ 1999 & B AR (7 RT R B 2 S R 2 R B
BRI R R AT BT - R EFY D FRE R RED IFE A (silo)
BAe¥c5 bRk > B 24 5 TMI-2 ¥ @ Pplpe i 2 g st o

EERZP L 2 5L (TMI-2) ¢ 2 g vkl ot v e ¥ 2 Jiaf 5 k2
WAL R dZ R G A R - A H Rt ehe AR G EFRR R BEFIE
BB e ¥ - fA5F TR K JREFIEAIL - HWEE 2 A A2 X 2 RIS L
A - A RIBRNRFRY AL d 0 FI G REREEFIED Ty
%ﬁﬁﬁﬁ@%aiﬁﬁﬁ%~%%§7#%€$
A TR RSN A2 PE F5d RA L 2 HEPAGB R ER D o 3

FEIIL > 30 R H T BT o B Ed o

F
ﬁ

%S

\E‘.
7
‘-9
%
(\n
“P\'E‘
B

*ﬁmiLLﬁT*&ﬁpﬁu%ﬁ@i'%%@ik@ﬁ%ﬁﬁﬁo

i
N N |
- e e o awa] (o] ‘
bt i

anw G
FAEE BERR ‘ Lt 1
b‘ 1 1
meT5Tm = e ﬁ = ! i
| i
FEEHRIA |
18 MET5Tmi } 'ﬁ] ~rann] |
= \ REAEA | |
T P — e
KLU R & | _ s !
oy rRe ﬂ - ﬁ 0 1
i

[LESL ] o U]
WA

[} =
B

&
x
(]

[ Saet)
—

\
1
1
.!!*77\9 !
|
1
!

i

cummz—n.mamer

Wi
(100witE)

77 OFS (k. ) BRI BT MED
17t g WMEORL EMEOBE  GMEotyT  WREOBE Mot
Ry - - (R - CHo R Oy - (aeam TIZACORE W) - - -

l‘ meee==sess=ssess=ss=s=s=ess= ===

maﬁmngwl_.m:. iR
1985-20014 : AR

1
1

1

1 MRS
1 Rus
1
1
1
1

Frzas !
mRREES m kT L] Fr=uki Fr=Asm i

LI]] \ Vi 1

!

1 ﬁ) 1
! < i |
H (TOWHE) 93?37 "
: GCa
: |
! W :
! Ery y |
: RIEOBYLL . |
i

: (Sch, ) BMEDFr=25 —RE, SRERE bl LN ‘
] 1999-20014F : FRY HL ~OEH (S, R ’ |

Bl 22 TMI-2 B4 %4k e it
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Upper closure head 14"
Drain
with bolts connector In Out ‘ Out In
Screen | |

.
2
Vi
7
%

NS pain_ 1773
tube
Tie rod \‘ !
. 149.75"
Low density . Support
concrete mix ~~L 4 spiders (8)
i3 -
|| Tie rod /]
s Poison
"‘ E———— ZZINNNNNNANNN 77,
& Module =X
end caps
Fuel Knockout Filter

B 23 A TMI-2 % & @ 2 Wi * 2 g p 4 [68]

Bl 24 TMI-2 ¥ @ 2ol i 2 g k5t [69]

5.3.3 2 14 % Ignalina T RBLIF * EH+ WHAIZR ¥

2R p w97 400 B 7 sk E (leaky cladding » ~ #i“untight fuel”)

R B R % 9 130 BB EAT Y B R o IR ke
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REF 2 R BEALASE S S TR A RS L2 g e iy A4 3 AR
Bk facie® > F B AP ORBHEE R EE UG5 156 GERFE5 40

Fosfliai) > 2ol d2 g iz ok ¢ £ (overpacks) [36] -

FERARLDEACE BRI G o 1 v e i (SFA) R ¥ R 3t B4R A
B RS YR e R R R B TR e m R SRS PR B AR
FAPROER PSR R REE D NPT R G FREARE ET SR

e R

7 Ignalina & B en® i1+ Yol e B PALMRIBI Aok Y BT o 2 * P AR

BT LR P R PR SR A A G B F R R
(ECE R R IR e T RN SRS XS s S R

= I e (circular) - #h# o9 (longitudinal ) &2 5% & (complex) = f&#E %] °

3P EP S AR RM B E A R R R R A 0T A S

O iEPG AT AL Frd PR QBT
® T HHH I 6.1kW

® EME AR § 2%U-235 kR A

PREAERRREE L BN EEERE SR NN 8

P

-
U

o ¥ AGEAF RPN So B i Tk Y Cs-137 A R KRk Dl Ep

=

§

T
b
i

FOPGE 7 enfr ] o RS 0 E L (¥ 4 | enT R 8 X

Wi

® (.65 mSv @reactor unit ( 0.86 mSv@dry storage facility ) / CASTOR®

RBMK-1500 £ 4 (LB 25 % 8)

® 0.20 mSv @reactor unit (0.26 mSv @dry storage facility)) CONSTOR®

RBMK-1500 cask 45 (L@ 25> % 8)
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4612

3 4 5 K, ° °° /%
7 .Q oo () & CYIr

D 0
I
| _294 %(_
!

ol 121460 <| 3

&
: O %/2
|
122072 |77 :
j |
| 1 | (=) !
i) i %
W sVl ¥ s
| R = ;

/{ g 1% /0 /o o/:o le
gl R Boied s
CASTOR RBMK-1500 CONSTOR RBMK-1500
®l 25 CASTOR RBMK-1500 & CONSTOR RBMK-1500 ¢ < i3 ]

4 8 CASTOR RBMK-1500 & CONSTOR RBMK-1500 % %%

CASTOR RMMK-1500

CONSTOR RBMK-1500

102 e (51 gl e i)

B R ~4.6m ~4.8m

iE ~2.1m ~2.3m

K d 75 tons 88 tons

B E  slid system | i st B AR 3N 2 4 g 50
B

102 gt 4 (51 gt it )
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Frend #7538 BT 3% (Interim Spent Fuel Storage Facility, B1-ISF) ¥ -
B1-ISF p % & fiixi » ¥ %% * CONSTOR RBMK-1500/M2 % # 44 [70-71] -
fe# ek 4a4p+t > CONSTOR RBMK-1500/M2 ¥ # v el & 7 i 182 & >
- TR AR ROR R R et AT 4 - CONSTOR RBMK-1500/M2 3%

(B 26)4+gL :

& PMZ2B/REI2MEEEHF I REE (stationary ring basket )

) 71;?-1{_%_.3?] 116 =

® - [¥ ¥ k3 -bolted, welded seal plate, 22 % = € F ¥ (secondary lid)

FAHBEAEY EPS BP R S e FREA- (L E 20 EER

Beif £ O] BTFLIEB ARG KSR S ) o

%8¢ I R A R RIE R R P e B H e B
BB T e HE BV L K~ cartridge ] e~ FIRIJE Y o F A P n
FrenBoplE t o B ok Sy B R A £ A ¢ % focartridge oo — B Ak

5 AN 36 B K G B B P+ YR B b cartridge
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4 58 b 6 7
[ . L

B 26 CONSTOR RBMK-1500/M2 & 44 ¢ < i Bl

534 57 flRF RE AR S

30 # VVER-440

3

e v

A7 ¥ > Paks NPP 72 5.4

sk
/F o

=

-
B

2003 & > %

Fi‘”

H3pag 2 d 2t A

b g
R R Y R TR L T S Sy

H

b

RS

B
e ¥ 42 B 475 42 e

i35

R

e T4
(NS S3-F

F

el
=~
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o d g s i p s AR E R AL B oMM BRI DR
Lo gqR4ts it BB R Y & 1200~1300 °C 2 FF - = o] P hgg g i 2
BOWMEBRSE S FRORRAER SR e s FRAVERY Caple
BEEA R ES i T g e (ORI TIE e st il Tk g E

PERI S RITI B /AR o 2l i ehp AR RIS S F MG 37 S RLS o (LRI 5 4y

NELXEDPRPEER AT EFAETEL R R X R R EFE IR
MHFEAR R F RS HAEFSET VS BRSNS ALy a
WP T ld frok? Z r ki kil Bic b o AR B S R

v g % Paks F R & WOpE [72][73] -

2006~2007 & @ - % 7 Flerp I E 2 ¢ hpE AU VR > B R AT E TR
Paks 3 fridig 7K1 K RITEI 2§05 o AR D ERT IR 2 TR e
fok eyl AR AR G AR il b S (vented canister) (canister 28 {v
canister 29) ¥ fXis rpFpT s A Paks 7 Bent dE 1 WL ¢ o T E TRl e 2
Sk i 0 W RE FfEA S R A PG R e JR T WA L PR R P Ul
[74] - Canister 28 4 3& 3+ & % s % ch¥tsfl e 2 > @ Canister 29 L3k 3+ =& A
WERLER R [T5] o B fAREA| PR b SR Ao B] 27 7T o L FF E AR B

SR AL RN E R R R REARUS iU R E A,

:5

Inner case ,«t
b

Cask 28 Cask 29

Bl 27 * k& % Paks ¥ s ® 2 ghdp P
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JEE B v AR R AE A B Paks TR 38 % B Mayak £ RJZ R 0 B RS e

TRART RS T 2 BERERE (B 28) [74] :
1. Paks & Bkl 48 g
3.  Mayak 3% % chssil L e

PRI RO R B ST g AR POR DA & YIRS A IR Ol PR g
PHFREETRFENORIE cH Y R AT R FIERLTERF > F T

Mayak fofc f 87 > 2 2 Bl f 22 e 40 13 2§ A Mayak £ &I R pE R o

d SHEY Rk AT A JRIEY 5 B0 R PR YR R B A
PR S N o WA BH 4T R PARN PR KA RFIF MRS o
TMI-2 $5 3 s AR £ 3 SR S S 3P > SR B BT 2ehi B iRz — o

T

BB AP R BRI REFT T AT RS AL ST i
EALY 2 8 s SN TR gL o ) N (R 6 ’ﬁ%li Feo i Fséizi‘m@%] LR
TR FPa o 2 MRS R FE ot s BEE R

PEre RBEFHRPFPEFTLMEFGA BT ETET > BB AE L W

canister28 f= 29 ¥ ¥ 1 it 7% }_ﬁ‘ﬁﬁl o T P HRE Y B T Mayak I AT 3 (T

L Refpthy Eg e’v’ﬂ@@?]% ¢ % (transport overpack )TUK-6 ¥ #* »t %@ o w

B TUK-6 &_r #-#13 abpd 5858 _Paks % © fui# i T| Mayak -

% 9 % Paks T 22 TMI-2 484X pldp bl @ 1 * 2 fa s o v 4
FERIE ELRNE K S R R R S A B S S S A E e
oo B EBORIEETEFR TR AL DI FEN O EERPL 2
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# 9 Paks T At TMI2 LI 08 it i vt

T™I-2 % 7]

TMI-2 % |

Paks ¥ i

T 4

PR (AR

)

F 2

A (BRR
B

T e

i
30

i’a;“(,r’»}; i

SRR 5
)

2,

s

B
Jad

7~
]

Py
S)

o

t

Py

oy

&)
o

B3

EE @ EH

gk

€ * o4

e

oM A

-y
\_

e AL i §

bl % 44w 11 2 HEPA

W B )

ER D

E i P 2
#’5%2?;45;#%
il

IR
A

FARC T IE L NEE 8
< ’]/I“F\—E_ k:@f—?;r_

=]

WA )
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Spent fuel storage in : .
P S Dismantling of Replacement of
water-filled canisters . .
compensators canister lids

in cooling pools

L

Filling with inert gas | _ Drying of fuel and
and sealing ) canisters
L
Temporary storage of : Preparation of
gealed canisters canizters for transport Paks NPP
L d
y
Transportation
|
v I
Canisters off- _ | Temporary storage = Processing of
loading | of canisters ; canisters I
Mayak [

B 28 Paks & i 2? Mayak £ A2 iy 2. B4R 2L 2 42 B

5.3.5 4% B Greifswald 4= Rheinsberg 7 fupkdf 24l m2

Greifswald(KGR)f= Rheinsberg (KKR)# ¥ B B % T F fs > Greifswald(KGR)
= B R VVER e it 22 » CASTOR KRB MOX 47 » il &
ZLN(r ¥ 73 28 %) iE (7§55 B3 5 2001 # pF Rheinsberg (KKR) % BB F — B i
* Pk § g RUE R 1 kUt CASTOR 4P igd L2 3 ISN (dg

FURTF R ) [76] -
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3 A A VVER BLIE WL~ 2 % Brkeand 35 55 % (gripping devices )
& %~ e A4k 1 (Canister) P o #7e0d: # 1 % CASTOR KRB-MOX 23 o
PL R A - BEESET ROREEREN o & # gub Rl (cold testing) {8
3 i# CASTOR KRB-MOX E #5c¥ & 1 548 2 o& %5 (reloading pond) ¢ -
LG A RSB AR kY o R E R o 2 K CASTOR KRB MOX
Sty %miﬁCNﬁmuwm4é BT EARR 01 (T B o d SR G ke

# > CASTOR KRB MOX £ 4a (%] 29 ~ B] 32) tic A2 A 4r#t o

Flo B A m ARG TR T KA T i AT R o A edE

TP RS R A VR AT B (TRAES G AR )

Bl 29 %= = CASTOR KRB-MOX % 44

CASTOR 440/84( 30~ 31)L 5 Ffifois s 84 i » & )BT = ¢ -

Pl i B IR G o PWR 7 F 470 25 2 (WWER 440 40 70) @ B 5 S 4 -
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CASTOR 440/84 o 45453l & ® 5 3, 7 & en B AEFHAY ~ B F kil 2 % 3¢
WA R EETES > £ d 844 AR HdnE W o
BEin(-ZEFfr-FF)HPA- BEARDOILRS F (F s
) > AR FAEAa P IR o F2 AT R Y F O DR LT A
SRS Reipi@a fdle 2 0L R FIERIeR F RS AFE AR Skl
- B o R TR oot AERMNKRERS oK A
et gt 2 (radial fins) #4c 1 @ B ¥ o AR INfoAIN N B bt i AT o

CASTOR 3 4 ek &2 pviz & £ 730 R 33

B 31 CASTOR 440/84 % 45 (=)
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@ 32 CASTOR KRB — MOX # 44

Requirements for CASTOR - loading and storage

max. number of fuel assemblies 84
max. residual heat power kW 12.5
max. activity Bg 2.7 E+17
max. residual humidity after drying - inner cask room g/m?® 4.85
- buffer space g/m?® 9.4
- between sealings g/m? 9.4
permissible water mass in total in the CASTOR atmosphere g 21
He-leak rate of the first barrier hPa lis 1.0 E-7
He-leak rate of the second barrier hPa Ifs 1.0 E-7
| gas environment Helium
gas pressure after tightness test hPa min. 450
max. 500
| gas (He) pressure in the buffer space hPa 6000
number of adsorption candles 2
surface dose rate mSv/h <0.2(y)
< 0.3 (n) (ICRP-60)
surface contamination Bg/em?® <4 (B
<04 (o)
special permissible FE - configuration to decrease ambient dose outside the cask

Bl 33 CASTOR & fa ek & pviz & &

5.3.6 ¥ ~ 2 R Rkl R

BRI ORBE O - AL %~ 257 (Multi-element bottle, MEB )

(W 34) > MEB 5 @ foiv s * BT ALENG B o blde t 10 S BB &
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BT IR AR BWR AL it g 54 B F B TR 3 B P & MEB
?oo 2 f54r 5L ) &tk 2 BRI T R o AGR FFHR SR 0 AR E S0

¢ %1t > 4 ¢@8i% 1 Sellafield 57 THORP £ e d® foi& (744§ 1t g2 o

B BG5BT R R SR R E (W 35) des o
bl B o fEERE AR P HEANT R 0 AT E AT R A LR
P ETF L R g AR B TR AR o L Y Rk

[62]

B 34 BWR %3 * MEB

11

Bl 35 4o % 4RI L H et e 2 [77)
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feiE BURLAR Pk enfi i BRI PPl 4% 03 2k 2Pt T R (Capsule ]
36)¢ - #% g K ¥ & % F(Capsule canister » ] 37)¢ - X * 3 ﬁﬂi%]:-ﬁ L
@ﬁ%lﬁ’ i# /L AREVA La Hague * i7 5 %l A2 & ¥ o ¥ — > g 0 8K
¥ (gas-leaking fuel rod)# 5 & #F w1 R E ¢ > 6 * L5 ﬁﬁi%];‘é% 7Y PR 2

G g (78] -

Top end plug Iy /

Seal
Capsule tube
Particle filter @
.
) v— Seal
Bottom end plug
Bl 36 BLAF 7R i % (Capsule)
= Upper end fitting
Tie rods
“  Spacer Plates Canister design:
* Upper end fitting

7 Comer guides * Bottom end fitting

* Tie rods

+ Comer guides

* Spacer plates
Capacity:

* 33 capsules

_ Bottom end fitting

Fuel rod capsules are not displayed

B 37 deipril gy B
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A PR RR BB RS RS R g ISR

FEH5RT 3BT SHA RS BT RAI T B P R

TRBSEA TP E@HY 2B RPN R e AR B

A

LE RS S S St F R S R 2t
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AFF SRS RE SRS BRI S 22 BATR G RERAE T E
PRl RA R A AT BT Y B P SRS F R R L R R
FJLRLAR W L 2 Y AU RERRE TR R 0§ R (S
IR R AT o 4 SRR R AR R g A
CRES IR S SRR R TS E IR RS T R S o
AL AR 2 4 B % bk A W2 (S AT BR YR 2

\\\?{r

4o ARARG T e
Fomk iR e, * P BRI E 2 EmA LR (Te L0 AP R R

A2 5 A AP TR B P ORI R R N A R e 54

FILBIE Y B R S RS W AR 0 o g ) e & 3
ERETRFEAERFEREFETCEBRREI R AR RS RS
FE BN ERATHR R TR MR ER TLRANSFL 2F 4L 5T @
B o
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10.

11.

12.

13.

14.

PATA ST - RS ET-FARFT ST X 9460106 # 20 o
SETA AP P ROFRFET-F RN - & VT K 10240106 & 2

Dr. R. Diersch, Dr. G. Dreier, H. Stelzer, Castor V - The Package System for
17 ransport And Storage Of Spent Fuel Assemblies.”

HFE RS A 2R R FRREY FRFRERICKREE 2EF oy
7 « ¥ 3t 4 %%, Jun, 2008
PARTA R SA, 485 % - R34 KL 72 7—ILZEH 6 55 F
#X71}Zx-‘¥'-*g AHANDREELXDITNETRF + 27 léo)f#P F(IoW
<”, Apr 2013
PAaRFFETHRNLA TR ER ABERM LB F - KR ITDE
BFAgE s (2o0T” Apr2013
PIRT AR LA, ER RS 4 ORT AT O RSN TR

DR LITo2wT”, Jul 2014

DIER

%

Office  for Nuclear  Regulation, Dry fuel storage inspection,
http://www.onr.org.uk/intervention-records/2014/sizewell-b-14-214.htm.
SERA AT P R BB R R 2ATRE VAR 97 £

SRTA AT P R ERES T RR SR 2 ATRE 0 AR 101 £ 3

Rz £4 893 1R PR R R TR B R e
BEEFHFLTRL VAR I06 E 20 o

IAEA, Nuclear Energy Series NO. NF-T-3.6 Management of Damaged Spent
Nuclear Fuel.

U.S. Nuclear Regulatory Commission, SFST ISG-1, Rev. 2, Classifying the
Condition of Spent Nuclear Fuel for Interim Storage and Transportation Based
on Function, Division of Spent Fuel Storage and Transportation Interim Staff
Guidance No. 1, 2007.

U.S. Nuclear Regulatory Commission, SFST ISG-2, Rev. 2, " Fuel Retrievability
in Spent Fuel Storage Applications, Division of Spent Fuel Storage and
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Transportation Interim Staff Guidance No. 2, 2016.

DECC, Implementing Geological Disposal: A Framework for the long-term
management of higher activity radioactive waste, White Paper, July 2014.

J. Kyftin and A. Hillier, Technological Development to Support a Change in the
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