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2. H &

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
1.8x10™2 and follow-up year risk is about 3.2x10™; in bolted cask case, the first year
risk is about 5.6x10™*® and follow-up year risk is about 1.7x10™*%, 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.
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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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5.2.1 A Pilot Probabilistic Risk Assessment of a Dry Cask

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

SR BEERNRC & £ S HPT RRF DI F L2 B
%ok % R = 5 ( PRA, Probabilistic Risk Assessment ) °
NMSS(0ffice of Nuclear Material Safety and Safeguards) fr

RES(Office of Nuclear Regulatory Research)s B ¥ =8 & B % 7
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RpE G TERR ER L RIS R  BERRI TR R M 2R ATE L
£ > E4 #(Initiating Events)iF 8 > 7 1 A1 B B A E R H P RT N
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W2 F 8 0~ 5 e #E & (Mechanical and Thermal Events) - #H
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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]
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IEREX R i 0.12 0.12
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CRUD 1.5x10°3 1.5x10™
% 10~ ~MACCS2 8§15 &%
oh 1B & _ B A B
T§ =+ *—‘?75 TB‘ A b= jl;; A ;f;(;);%, é{ﬂjﬂ
4 B
R K ® R B % b ' B
P 5 CRUD 16km
PEFET b m | aokm) | ekm) | 5 )
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FHE A9 R H OT | 1.5x10-*| 3.6x10" | 8.5x107™"
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HiE
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e B FE B FE B
% - FE
hAROBE
A R 1.77x10™" 0 3.22x10 1.8x 107'?
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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 requirements 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 2x10° 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
1x107 fatality/yr or 25 mrem/yr.

{”U %NR(“

Current NMSS Risk Criteria

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

Safety and Safeguard, February 2008. =

Bl 9 U.S. NRC =2 i& (2x10°%) # #J14],[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 %
Bfra g4l 4 R g 5=+ Ak F B E % &S EHE (Welded
Cask)z. ¥ ¥ #h N e R ¥y » F]p EPRIEBERBR KN F B Ben
L1 43 3L 44 (Bolted Cask) » k2 FAAM AP IR 2R ATFREF ]
[16]- ot # 3 @ "EPRI*TA T 2 L ede & 2 2 R A A0 5 8T fuo
By oaE i & HEH TN32(4c B 11 %757 ) - EPRI 38 2 &_ 430 47 42 50

EfRes AEHERT o H DN SE DT RN D F S

F_*

PHARAFREFAT EH LY HF DT A S AILFF £ (Cask Loading) ~
@ 4 14 £ (Cask Transfer)# pv % 1y £ (Cask Storage)= i Ff £ < @ 4 8
T pHEATFREY B BGOSR BT ¥ Lo

HAPM b G 2 R R R EREFEEFTRAR

SR E TERAER OB IR AR R BT R

EH AR BL AR T e TR REE %%%@ﬁ%‘f L

R E o RPEERL SIHY FFIARDENL F T T
PRA & 47 » F]pt #-H @ it 5 = < FFE

1. s g £ (Cask Loading) 1 & Ff £ ch ¥ & A 5] U R E LB 45 o
AP RRBER LR E R A ALY
RV TRt S U S I Y R R
LY AR G REBED R RS
B ERAL A B R E RS IR B ERRH R

ExXE KRB FHRARE E_I‘J@ﬁ%lf?ﬁiié‘ﬁ FRNLE L
oo
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Ao BT FEF

2. & # 14 £ (Cask Transfer) : - & Feo T2 P

RN R

&

Wi B2 (5 RRE R B ED D E AR
12 4m 1 ~ B gm0

AN
E
N

Flpb o PR ORE R E R A
T R RS e

3. pF s frE(Cask Storage): S FE ¥ FHF BB ED T

oo B R EE BT ERSARESF S A MRS E T R

AF T RFEREEY e B P K H N B R

‘::L ]’6 o

AP R RE T kA E T BRI gt sk
(EPRI'r2 TN32/40 A AXFHERH I HF A) * B> 2% - ER
PRI o N jéﬁ\%#&ﬁ°

B Y CEPRI S AR R EH IR EERATRE 0
FVRERERAFOF L2 FE DSR2
EPRIi& 7 PRA A 45 » £ {7 7 11T 8 B 1 & 4 2

1. E 4% 2 & 47 (Initiating Event Analysis)

FEVAHERALFTI IV R ERTHPES TR DT LT
Mm% FE A EPRI-NRC -~ B 77 % % 1 %2 FSARs 7 ra 0 p7 3 3%

Bt PRA A5 > 5 01953 T BT R 5o E 4T B F

\\\Xr

HEPRI T FH 407 £ 137 B 44 7B i #73 ¢
A G IR P NERT R KR AR AT
AEOABERVIURBEHEPLERAL ST PR EE-FRHEEE

&

G

BREBAIIINEs ELFTERERTIREFEZEGFL, 2ooa ki

M- BEMEREEFE VY FE T £ 1416
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2.

4.

5.

6.

7.

#¥5 ~ 17 (Data Analysis)

BAY e G ABRURFEIL P NN BT R 2

4

-H;E:: °

4

L F ¥ F A 47 (Human Reliability Analysis)

£ % 2 3 2 32 fr ¥ #7 (Handling and Monitoring)4p B 0 4 f
% iT (Human Activities)» 3= & 2 # * % pr2. ¥ it 4 & 17 5 EPRI

FLPAFTEAELSTE R
& 4~ 17 (Structural Analysis)

ARV ART RN R P ARFT 2 FET TR F 2 E A
2 Tl FHEBHTEERSE T &84 % & FSAR 2 10CFR

50 ¢ 4 A 47 e
# o & 7 (Thermal Hydraulic Analysis)

b- BREORNRF AR T2 GFRET TR F LI EPA LT
w o F S B ESA LB KA DE T & £ 18 5 TN32/40

g4 w2 w AT
% # B 7]~ 17 (Accident Sequence Analysis)

ﬁ%&ﬁ%ﬁ%@%ﬁgﬂ%ﬁﬁ%ﬁ%@ﬁﬁﬁi#ﬁﬂ,i

B L AME RS B E4R 190

is % ~ #7 (Consequence Analysis)

AR kEFR S M T2 0 ok 200
2 % 47 31 (Results Interpretation)
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W) A E S E SR G EE E LTX 1070 g o K e Y
Moo F b A 21 4 B AR E Rl EER o AR %
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¥EFRETE A PP ER S 30%-

EERAERY R RE S OE i B E YL (High Temperature
Fire)» 2 3.2x 108344 22 %7 ) R % % - * chE & % § £ A E L
4 #7531 4= eh F ¢z (Heavy Loads Exceed Structural Limit) » & 8.5x
100Mdr 4 22 7)) A% %= A E & IR EERA Tl Lt &
(High Temperature and Forces) 4 *R7F ~ 3 b % > 4 8.3x 107" (4 % 22

SR ) B4Rkt b B4 B 13 S
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SAPHIRE NUREG-1864 EZEBA oK

Step 1

Step 3

Step 4
Step 5~17
Step 18 1
Step 18 2
Step 20 1
Step 20 2
Step 21 1
Step 21 2

B 16 ~ SAPHIRE % % £ NUREG-1864 2 +* # [

2.22E-16
5.55E-15
3.02E-18
3.02E-18
1.1E-16
6.05E-14
1.55E-15
8.47E-13
1.55E-15
3.47E-13
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6.0E-14
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8.5E-13

1.68E-01
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6.67E-03
0
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3.53E-03
3.13E-02
3.53E-03

I-57



SIMASP 2T RFRERG LR BT HERAEAL

MREP A2 AF PSR LEAFMAES F3F 5 22 o
w@® 17 2 B 18 7 [BI[1TI[18] : (& # Bk 5l » d3vz § » &
ZFpON Rp REE o R/ “f PP R RRE - R R
PRI|VZFEAREZERZEAR > NEEFLAIFBHZENL; (2
WAl S EAFEREIREHAE o LR T A
BE oA EAEBI L RS (DB HE Iy EREK T F
ZBHEF R REEL TR FEREEBH ERFZR
(R B ERYF FUERAE ERPAINY FF R AE)
NAFEFERMELZE M) PLrRh EERP LR ER P IR
PE~FEFRRREARE T2 k-eff @~ 2#FERPNgEE N
P ERFRERAREFE (DT JH R R A
R AL (VR HPHEFOTFLRF RTF A H K (6)
P P ERE) -
& H B A&

Building
i et |

Exhaust air

Subcriticality Criticality Containment

) B preveption Cask
TGRS LA as
gt Dissipation of \ secondaryid
g - decay heat T
P

\ Primary lid
" Bask
asket
Heati——>
IIIIIIIII remo.al
' Shield
Fuel assembly P i §

Radiation
shielding”

I AR W I I e S T A S
[5][18

o
9
i
A
x4
*
-3;%
e
-_m,
f
&1
el
)

I-58



Shield radiationby casks and buildingsand reduce ]
radiation by providing a distanceto the site boundary 1§

Measure radiationat
monitoring post

5.3.1 AR E P FTRTE WL K3
LREY B 2R IR EA LA AR HEAL, 53R
[4] © (1) B¥ % B % (Storage Building) % 3 5 (2) BF % i

(Storage Tunnel) *% 3+ -

P¥ 5 B % (Storage Building)k > 7 & A A & > 4o B 19
#7575 L (1)WTI-concept> & WTI GmbH #73& 3+ <% % % 3+ #5 o2 Gorleben ~
Ahaus #priz k% » B85 » BRI S HGFE/FHUREL - Situ
Concrete / Pre-cast Concrete) ~ # &5 5 0.7 0.85 2~ ~ £ 7
B¥ 0.55 =% ~FpAEE I - AR RAER AR BEP
7005 A RPM FC R EF R o M LR A 2 i (Biblis,
Philippsburg, Grafenrheinfeld, Isar and Gundremmingen) ;
(2)STEAG-concept » ¢ STEAG GmbH #7323t o &2 % 2 e 2 » &
FORE B HRFER R BEEY 122 ETREH 1.3 2
EaBE R RN - RFAERA CARBEPN G 6 AR G FRY
Mot G R P 4 2 i (Brokdorf, Krimmel, Brunsbiittel, Grohnde,

Lingen and Unterweser) o
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Bl 20 ~ 46 W pF 5 Huif (Storage tunnel)k 3124+ R B[2][3] -

R A o AP 2005 & T 0 L pAzo B ¥ P T
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% 26 5 R 12
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526 HE 12 A% BP T YRR pE R IR 2 [19)

it Hp 24 | FAMBO) | Aw | Eh || RS | e B 2 3
B BE kX BBl | T LWHHS | R T
(1) (MW) £ | LIRS 12/2016 | F 4
| & (m) @ pr
e
2
Biblis 09/22/03 | 1,400 | 85 5.3 135 | 40 | WTI CASTOR | 52 102
x 10%° 92*38*18 V/19
0.8/0.55
Brokorf 11/28/03 | 1,000 | 5.5 3.75 | 100 | 40 | STEAG TN24E | 29 75
x 10%° 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 10%° 88*27*23 V/52
1.20/1.30
Grafenrheinfeld | 01/12/03 | 800 5.0 35 88 40 | WTI CASTOR | 21 53
x 10%° 62*38*18 V/19
0.85/0.55
Grohnde 12/20/02 | 1,000 | 5.5 3.75 | 100 | 40 | STEAG TN24E | 27 74
x 10%° 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 | 1500 | 1.5 6.0 152 | 40 | WTI TN24E | 35 118
x 102 92*38*18 CASTOR
0.85/0.55 V/52
Krimmel 12/19/03 | 775 0.96 3.0 80 40 | STEAG CASTOR | 21 4
x 102 83*27*23 Vi52
1.20/1.30
Lingen 11/06/02 | 1,250 | 6.9 4.7 125 | 40 | STEAG CASTOR | 38 87
(Emsland) x 10%° 110%30*20 | V/19
1.20/1.30
Neckarwestheim | 09/22/03 | 1,600 | 8.3 35 151 | 40 | #uF CASTOR | 53 113
x 10%° 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 1018 36.6*19.7*19 | 440/84
0.85/0.55
iRt | 1435 341 1046
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PABPNXT 3 A FESYTE? B ¥- ~ LB ¥ -2
AP RR)L B g NP Hpr kw22 ? (Mutsu Recycle Fuel
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