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ABSTRACT

This work aims to review and summarize the information of national
experience by nuclear power counties on regulatory control of the site selection
process and license application for a radioactive waste disposal facility. The
main tasks focus on:

1. Study on international information of radioactive waste disposal plan

information preserved across generations.

2. Case study on the regulatory framework and R&D strategy of high-
level waste disposal in the Republic of Korea.

3. News highlights of radioactive waste disposal in 2022.

The international experiences can benefit regulatory research in the area
of radioactive waste management in Taiwan.

Keywords: Disposal, Radioactive Waste Management, Case Study
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ABSTRACT

This work aims to review and summarize the information of national
experience by nuclear power counties on regulatory control of the site
selection process and license application for a radioactive waste disposal
facility. The main tasks focus on:

4. Study on international information of radioactive waste disposal
plan information preserved across generations.

5. Case study on the regulatory framework and R&D strategy of
high-level waste disposal in the Republic of Korea.

6. News highlights of radioactive waste disposal in 2022.

The international experiences can benefit regulatory research in the
area of radioactive waste management in Taiwan.

Keywords: Disposal, Radioactive Waste Management, Case Study
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National Inspectorate for Nuclear Safety and Radiation
Protection, ISIN
https://www.isinucleare.it/en/about-us

Societa Gestione Impianti Nucleari S.p.a., Sogin
https://www.sogin.it/it

p A

Nuclear Regulation Authority, NRA
https://www.nsr.go.jp/english/

Nuclear Waste Management Organization of Japan, NUMO
https://www.numo.or.jp/en/

Committee for Atomic and Energy Supervision and Control,
CAESC
https://www.gov.kz/memleket/entities/kaenk?lang=en

National Atomic Company, KAZATOMPROM
https://kazatomprom.kz/en

Nuclear Safety and Security Commission, NSSC
https://www.nssc.go.kr/en/index.do

Korea Radioactive Waste Agency, KORAD
https://www.korad.or.kr/korad-eng/index.do

g

State Nuclear Power Safety Inspectorate, VATESI
http://www.vatesi.lt/index.php?id=2&[.=1

Ignalina Nuclear Power Plant
https://www.iae.lt/en

Mf@
3
‘ﬂ&l

National Commission for Nuclear Safety and Safeguards,
CNSNS
https://www.gob.mx/cnsns

Comision Federal de Electricidad, CFE
http://www.cfe.mx/

W

Authority for Nuclear Safety and Radiation Protection, ANVS
https://english.autoriteitnvs.nl/

Central Organization for Radioactive Waste, COVRA
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https://www.bge.de/de/
http://www.oah.hu/web/v3/haeaportal.nsf/web?openagent
https://www.aerb.gov.in/english/
https://www.npcil.nic.in/index.aspx
https://www.isinucleare.it/en/about-us
https://www.sogin.it/it
https://www.nsr.go.jp/english/
https://www.numo.or.jp/en/
https://www.gov.kz/memleket/entities/kaenk?lang=en
https://kazatomprom.kz/en
https://www.nssc.go.kr/en/index.do
https://www.korad.or.kr/korad-eng/index.do
http://www.vatesi.lt/index.php?id=2&L=1
https://www.iae.lt/en
https://www.gob.mx/cnsns
http://www.cfe.mx/
https://english.autoriteitnvs.nl/

https://www.covra.nl/en/

3 ¢ | Pakistan Nuclear Regulatory Authority, PNRA
. ¥ B¢ | https://www.pnra.org/index.asp
T ¥ i | Pakistan Atomic Energy Commission, PAEC
Vi https://paec.gov.pk/
2 ¢ | National Commission for Nuclear Activities Control, CNCAN
B AT ¥ B¢ | http://www.cncan.ro/main-page/
T %3 | Nuclear Agency and for Radioactive Waste, ANDR
i http://andr.ro/en/home/
B ? Federal Service for Environmental, Technological, and Nuclear
s B Supervision, Rostekhnadzor
By https://www.gosnadzor.ru/
s . | National Operator for Radioactive Waste Management, NO
r . |RAO
Lalia https://www.norao.ru/en/
3 ¢ | Nuclear Regulatory Authority, UJD SR
s 5 2 ¥ ¢ | https://www.ujd.gov.sk/?lang=en
v ¥ & | Nuclear and Decommissioning Company, JAVYS
B https://www.javys.sk/en/
i Slovenian Nuclear Safety Administration, SNSA
s B https://www.gov.si/en/state-authorities/bodies-within-
Bk g R I ministries/slovenian-nuclear-safety-administration/o-upravi/
¥ & | Agency for Radwaste Management, ARAO
Vi https://www.arao.si/index.php/en/
3 ¢ | National Nuclear Regulator, NNR
L ¥ B¢ | https://nnr.co.za/
A ¥ i& | National Radioactive Waste Disposal Institute (NRWDI)
ki 2 https://www.nrwdi.org.za/
2 ¢ | Nuclear Safety Council, CSN
¥ B¢ | https://www.csn.es/en/seguridad-nuclear
& 37
¥ & | Empresa Nacional de Residuos Radiactivos, S.A., ENRESA
P https://www.enresa.es/eng/
i ¥ | Swedish Radiation Safety Authority, SSM
o ¥ B¢ | https://www.stralsakerhetsmyndigheten.se/en/
ks 1 | Swedish Nuclear Fuel and Waste Management Co, SKB
Vi https://www.skb.com/
2 ¢ | Swiss Federal Nuclear Safety Inspectorate, ENSI
¥ g | https://www.ensi.ch/en/
mL s = | National Cooperative for the Disposal of Radioactive Waste,
F= Nagra
Ll https://www.nagra.ch/en
i ¥ | Nuclear Regulatory Authority, NDK
L m #spg | https://www.ndk.gov.tr/en-US
- ¥ i& | Turkish Atomic Energy Authority, TAEK (F # % ')
il o



https://www.covra.nl/en/
https://www.pnra.org/index.asp
https://paec.gov.pk/
http://www.cncan.ro/main-page/
http://andr.ro/en/home/
https://www.gosnadzor.ru/
https://www.norao.ru/en/
https://www.ujd.gov.sk/?lang=en
https://www.javys.sk/en/
https://www.gov.si/en/state-authorities/bodies-within-ministries/slovenian-nuclear-safety-administration/o-upravi/
https://www.gov.si/en/state-authorities/bodies-within-ministries/slovenian-nuclear-safety-administration/o-upravi/
https://www.arao.si/index.php/en/
https://nnr.co.za/
https://www.nrwdi.org.za/
https://www.csn.es/en/seguridad-nuclear
https://www.enresa.es/eng/
https://www.stralsakerhetsmyndigheten.se/en/
https://www.skb.com/
https://www.ensi.ch/en/
https://www.nagra.ch/en
https://www.ndk.gov.tr/en-US

a ’g State Nuclear Regulatory Inspectorate of Ukraine, SNRIU
# B¢ | https:/snriu.gov.ua/en

§w ¥ i& | National Nuclear Energy Generating Company Energoatom,
t&ﬁ NNEGC Energoatom (F 4 % )

2 ¢ | Federal Authority for Nuclear Regulation, FANR
Fede fams & | #sp¢ | https:/www.fanr.gov.ae/en

)

A ¥ i | Emirates Nuclear Energy Corporation , ENEC
t& # https://www.enec.gov.ae/

2 ¢ | Office for Nuclear Regulation, ONR
¥ B¢ | https://www.onr.org.uk/index.htm

=R g Nuclear Waste Services, NWS
;; fﬁ https://www.gov.uk/government/organisations/

nuclear-waste-services

3 ¢ | Nuclear Regulatory Commission, NRC
¥ B¢ | https://www.nrc.gov/

—% iy
" ¥ & | Department of Energy, DOE

Jﬁz&f# https://www.energy.gov/

LA RHE T R @ AP S 2023270 31 P o

-

1A 2 % H
AELERAELEP FORTESBRE FUHETALE

B &

e FIFLEWET IRPETIOFETNE Ay EEEL
EH

o N2 A RSILER PAE G ETREY A RE LAY TR
B4 SR R R 3R T A R 2 R

WER s TR E

.

BRUEHRE o

« ¥3% ék%ﬁ%ﬁiﬁﬁﬁmﬁﬁﬁ%ﬁ%ﬁ%&ipﬁ

Rk 2 RERAT R RS R I
ST EERTEE VNS EY S TR T LY ¥ &
3::: o


https://snriu.gov.ua/en
https://www.fanr.gov.ae/en
https://www.enec.gov.ae/
https://www.onr.org.uk/index.htm
https://www.gov.uk/government/organisations/nuclear-waste-services
https://www.gov.uk/government/organisations/nuclear-waste-services
https://www.nrc.gov/
https://www.energy.gov/

B4 %5 IR R PR BRSBTS 2022
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2. SRR AR TR T RE R L A TR

AREPEHME AP R TAEY A FF L RE

e R ELE BT S

B

—

‘H’«

2.1 T K
(1) B k3 i % (AEA)

BB R R RO PE R E TR - g R E
EIHF o et

PEF X 2RI RGOIHE WY K

I E g oRsERD PR E

F e &R RIS AR o

B R 3 a0 % 301099 # T & 3 # & 38 H iF 3R 2 JIAEA-
TECDOC-1097 : T 3z st 4 fix 3 4+ Lk % 42 52k 1o % 2 o
B ST A R N E G R | F R MHeRE 2 Lk
&g 12 % ¥i(Records Management System, RMS) -

B % = i 5% 302008# 3 # % > HPGS-G-3.411 st g
PP g ks O paed B AHERY W doimE = F
LIS LR Eﬁﬁ?%?-&rfﬁ’ BEFREEMePE R P E2E R
FRMPHFOLL IR PEMPEOTRBL S &=
R AR o 2 i 0 2010 R RER RS G RF S
B XS HAAPM 2 ch » B]4cIAEA-TECDOC-1675 : T % 5 72 3
Pt g a2 U NG-T-6.10 : 3 k2 soas g e g o5

[8]\,1;5;#@?‘;%@ : I’*r.i.,;—rd,‘?;m P B b’:a]g/z.J[]_%ﬁ B R A
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(2) & e 4 B w8/ i ¥ (OECD/NEA)

% /4
SRR LY FE TS P Y TES FEY
¢ (Radioactive Waste Management Committee, RWMC)*:2010-# i§
* e N4k o iz B (Records, Knowledge and Memory,

RK&M)2 i | %4834 (™ ff #RK&ME 453+ § ) - RK&M

LA E 2 P B fR2L ¢ B R SRK&M e 7§~ #13f
W FEL 0 MR R ER S FE T o

LI Y - PPEK2011#3 0 1 N frds o 12014#40

Fe B3 e b

L
32018#47 s FENRET ST R/F RS Fa1 Lo B

o

7

Y - \ " N ~ y 2 ~
foo P FAFENEE IR L Sk guE >

R

Fd 4B R FT21B ® R % gallll
RK&ME 353+ 3302019 # # = (0 £ & e %47 2 ¢
o RK&M 5%k B % 4F 24 (NEA % 7421 gi3g 2 )12 o
o B4 F A% % (Key Information File, KIF)#£ & 38 4 (NEA %
7377 B4R £ )31 .
e X & % 4k (Set of Essential Records, SER)#% 4 3F 2 (NEA %
7243 HL3R £ )4 o

RK&M & 413+ & 41— 304 i ena &5 4o
7

o FH(Data) : R4sicEEFfoRE o
* 7 #(Information) : 3 i TR o F A e dk A Y 02 T
o g B LR L o

e 4k(Record) : i ¥ AHAFE Rdncnde 2 N iE e en R B R/ Y
Bfalo s FATIHA Y B2t T e foRffo Az iR
B o
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o wii(Knowledge): & ¥ iFAzenid % o — L A AR EF o
f‘-"*f g jRfrfa o i E d R 2RI Ap M T
B T frs e 4 frA 2 o

* zf(Memory): ¥ 2 HE 2~ X b Bodraio kO R

‘m

RK&M & 43 % 4 4 Aot e R e s PPE T € R RLkde

- [15]

c BEHIHAIEIFEILE - ERPIEH UL 2F
Fh-R2ZPEFER - LAGERF LRI 10320 £ o

o B AERGHPEBIERS- KPR ¢ § A R
BB IR B ERE P EAPRE - FFTRYE 100
£ o

o Pk WP ISR R 425 (oversight) B & chpEd o
PR R KRy &

s R imEAWCE mg ?wﬁﬁvW%wﬁ > EF PR
W R PR Ss TEF Sk FE o

(3) His = [F*Je

RK&ME AT F Gk 16 0 3T & KB AP B R AT E & o0
5 3 LB 20 RS F (Swiss Federal Office of Energy, SFOE)**
20198 g Fen Tdem B R A el A5 ) 2~ 200, 7z by
{5 5+ % > ¥ (Swedish Radiation Safety Authority, SSM)>*+2021% #
F245AF L TR P R B M R KO R T e
2.3 WMo b 2 52 2 WA RK&AME 2833 = S enA 4 bz i
BF o

S RE B AT S o ARK&ME 302 4 2018E & 4 15
B R oA 5 B 302020 T dpikle DT Y 0 X R AP
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-4 [18
?[]o

22 TR
Ao AT B R AL E 1999 £ e Pl BRE S X

\'nz“
\rmL ~mle

l;l]iir'x‘zg] 1}!2-1—'5&(1;1 |Briad e R )"4 TP ETY Rt o HE e }I?TFIX
£5T RK&M S 47354 Fadnb 0 A4 LHu o - gt o A
Fost RK&M B 4T3 & o & U155 7 £ & Jp 36 20 e -

221 RK&M & g3+ iz frp
B B P RE PR ANRE AR T R R R
A E A EE s 8 Her g m"‘Iﬁd‘F}%’”ﬁw WERFS > Wik g -
S NEN- S BN F HBIARE XL BEREF T &
ER RS
XK EAE R ¢ B AL R E R H R T
M S SR - URR e 2 e e At Bk K ke

>

BYRE A #“f'ﬂ% ke e BB R F L AR
e A i?% (Inadvertent Human Intrusion) {7 & (5]4-#f5) - @ # 3L
DG RESEPERVEND AL BRE

W 34
BhpT o FPL o REA G AT E RS R MR %
& £

3= ¥ i
g R R e BEERRE N ll%ﬁi@{*@?" [l 4
Mr’ﬁ'gi ' Jr i@

%&é%’jEMQ%?&@~ﬁﬁ%ﬂ§§$°F
oA SR e e LB TR A B B R Fak - iE
BORF|EELE N2 RK&M%%\)Lém B iTixp o

RK&M & 322+ % 7f 2,47 78 B 4ak sl
o AMEABRFIED G FEIF Y ARG MO
$ I RK&M ? (WHY ?)
e FTERMERPATN ?7(WHAT?)
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R AR RPN ?(WHEN?)
¢ A2 S 2 (WHO ?)

B R kT R A i RK&M ehd « 2 g i 3 B
1 2 (HOW ?)

222 8~ R ERrL P e g R

(1) &gz 2

ETRAE RN R A SR A R R
N e e L

|
¢
Wn
)
o
N
\
3 ~ a5y
S
St
=
TII"‘\
=4 ‘wﬂ

[ Fpt B F AR R S
PRt AR FERAY RO OBRLAT AR
HE R AL € B 04 o 151 RK&M 13 7 ¢ A kAd
§ERFEE R POl R
% » 7 f (oversigh) s & ¢ 2013 & R *E st L | ¢
(International Commission on Radiological Protection, ICRP)% #
¥ 122 5L TR L FR R R P AR Y i
stk O W 5 # chpt ks o 5§ Eg BE(watchful care) 5t
o ﬁ#ﬁ?}ig BT ppe ks 2 2l § R H oo
A aa oy W ‘E‘F' »g LA o ;ﬁ’ FT3 2K % ;;:.%mjﬂﬁ
WE R G HR B LA G AT R TG et
@ﬁifﬁﬁgﬂﬁﬁﬁl'lkm“?ﬁ § B F st
) 2 R
LI L
B PR TRAERSI AR SELIfEEOD R
TEERAE FRF O YRERER AP o4 FAIEM -

IEE 1



f_ﬂ'it%; /:_’}'}‘\5*?—.\;—\"‘ 'ﬁ)tﬁi_g = W\j;if"/‘é‘ % y 1] & 7\7,.-’— g;}‘ft]."')'""]‘

Wit fﬂ*p FoORER T AR RS ee R 4 R T 2
# (

- L4 p IS Y S,
I e NI e

ETS
%.
o

- 3

o

baid
>~

S
’*ﬂﬁ
%

e
§=\1

sk

N

S

)_\m-‘

0
|
%‘Tﬂ

PFRT A R A R AR R F g s R R R ARRES
FELE

(3) #& &#r i+ K (informed decision making)#7 7 F 3t

(.
‘_.

AR S E A W E T AT 0 R TR ERE

&
BERER TS M R R P A e
%

223 B BB T IR
SRR B RE B e e g R 6 TRl R0

1) Fa2 ey
BE AEE 3 ARE Ao AR AR A gk g o
BRv A -APR-LFBTALFEFHYP TURLZATF
AR

e o ff it (memorisation) : & 2 —g (producer) 38 ) ~ T f ~ 2

BLEEFFaOER
* i (preservation) : 8-k (curator) &4 Jg T M (4H) &
ﬁﬁﬂjﬂﬂ%%j{&wdgﬁﬁﬁvbﬁﬁ%ﬁﬁﬁﬁ(ﬁﬂﬂﬁ
HE(DAr e FFES 2 B L 3 F)diBads A g Fm

o

Bt OF A GG FAPHEI AN FRED Y

p—
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©  P~i¥(access) : # X (receiver) AV T b & i H

FIAPM TR £ 2 MG R HRG MR e

4
=
E:

(2) kg~ melpd 4 R Fle
g A RET L CERY A 03 A AREL
BEFER G E A RPERER o o o 8 R R PR
T A R T blde

o BEH/ LD REGH0R G TR R ik R A AR

o AEFBFHE(blA-TL - WA HEA) -
o RAkanPTA sTATRBITL o
(3) gk~ ez aE 418 R
58 RK&M B A8 35 ¢ B b s 7 ¢ 415005 o
S R BERIFEGER o B P R L IR RIGY A
P50 RTINS HED G TE - BPR o Gdorr E i nse
Hy

BT FEFNE e &

S

RN

—

JRFEE TR FHDE 5 -

wE LR ¢ 2011 #4 % g £ Council Directive 2011/70/
Euratom % 12(e)if > & & K& ¢ B MBS R 73 H P P el
HFPLOE LT E o R F DR HIFY R Gl K
BB thd g o 20
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PR LR RN HP LD R FFE D
e RFIAVMEFEERS > G BHEGHCE F e A
TF A TRE o A RE B TR HBREFAPMIRF S wE o
B EFERLITATE R EEOF TR AT o KA 0 F
P - BE R T A B AR o L B e e R R e E R

iR KRG FEIBDOEAINER -

224 %8k~ BB B iRy B
MeBPARR  RLE 2 g e 0 A R H T R
B rad A B R chp 2o
(1) ¥ » & suMeh ek (systemic strategy) 32 4
FRNEAUE R LI REVE ) EL N s Y Ry U R
B+
WIEE S LN TA > TR R ERN U AT g
PREFRAEPNSRSUETRERS FTADEIBEME TR

rl‘i:':_o

'ﬁ_&g\zg_&7 2 OI’{-’]LL ’ %Qﬁé%/:‘sifb'ﬁm%“%%;\ s -

e

=
Hy
T+
\\.ﬁ"
I

(2) % £ ¢ & (multiple time frames)
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PRV EE > & PR AR AR R A~ B RIS P o R4 b
BrefhiRE 2 S ERR R BP0 (HRAE 2-1)
M PER R R o R AR W EE R EAR 0 ¢ F ALY R
W~ i BT

>
i
Wi g X AgEd > BAQEHRARKS EHEY IR o
-i

“Eis BB TP 5§ (indirect oversight) | e TR SR BIER(F 8
RERAERDF G AMER R BT ) H 0 AR S HP

Ao B RE B B R T AR K OE ch S e se fR(d TR 2

oy

w
BRGHPFSLITE ZBE R Bl AEERRAEX £v )
Flp o P ERF LR P %kaﬁﬁL%ﬁfﬁwg'gJ%ﬁii
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F2 B AR FIK) £ AT & 5 F (no oversight) |
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Flb o BRI E P 5 PR E S S i e R iR E

j%ﬁ&ﬂﬁwﬁﬁﬁ&w\%ﬁﬁ?ﬁﬁ%fi%§$°

i RN fz%@ﬁ@i%‘m KRBT TBEGRIFG S

F
§eimnabedk g 17 R B g s o el

LR cBRAF > AREPRELFERTRERTE 2
PR R SRR RO L AR FEATERGES o

ﬁ&‘%ﬁﬁﬁﬁﬁéﬁéﬁfﬁﬁﬁfﬁiﬁﬁﬁ L% 2

Short term Medium term Long term

A \
! I | |

Pre-operational phase Operatio[\al phase Post-operftional phase
[ Oversight, direct and indirect _V Oversight, indirect ' No oversight]
A\l >
Construction Waste emplacement Underground  |Repository
observation |closure L A

represents the amount of human
activity related to the repository

‘ De.c|5|.onto Decisionon Decnspnto End pecisuon on Decisionson
Sat»:n.g Construction || Begin Disposal Partial EmplacingWaste || Final Closure follow-up
el [[hees Backfilling provisions

Fa kiR [19]

Bl2-1: 4~ wibBeRitg2 s EFF R
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(3) % & 4548 (multiple media)

B8 BB RO GF VA 2D 7}@’7"\ D - 7@_{’)3 A% ek

R blhoe kb BlE o ATR SRR B & TS R Al

Beied 2 AR MR BT Er e L B/REa S 2 p
BE -1 FRP NS EERIE oV - ﬁé{ﬁ%ﬁﬂ??ﬂ A
O AR E I KT SR 6] v B B AGEETE BBk

3G EF TS LN TR A A s g
2 FE LB E M RGEE AT Y O o
(4) % £ p % (multiple contents)
HWRAFFOR R IENT 0 F
(Bliaorig® ang 5 )8 v LiRfi(s 2
B (2 M & BT 2 e F oo PRGN OF R e 8
(A k&L AHE > B EA K R FZAR 5 (O] %
SN BT useE AT A IF(AE B)P o
RK&M & 5134 fh & ke 87 i A0 8 p S5 g men
Pk BB Z BT S

* PEREX TR IR

;L:%Mrfazéﬁi?‘:i‘ °

¢ KARBERWLEFINFFTIRLRTG EEBNERSF T AETS
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7z 35/ Ak 2-1 1o o £ BER ?f’%iﬁ-&r’@ [12-141
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(1) %7 S 2R+ B0 H1 D MEET RS KR Y E Pk B
FeB K E A P CRBIE A ?géikﬁﬁ?:
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B R RS B Y BT L AR R e
ALY DT R o 2 T S Bk SR B Y
3l KBS-3 ca i 24 P T UM AR MARE B 2R
B B i 8 % ) o

A Fam R oAFEC F AR B w P B
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5 45 GWDAU ; 4v £ % 3 &b &£ k4 % 5 5 4 (CANada
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|
|

FERBPHFEFF L AR R IEFTE 2T
o P AT B o Wk b M R MO R R R R S
BTG R Ak B 0 ¢ S R (T
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KURT)&b Hed 80 ¥ (711305 & ZIE8 T F 5% 3 B8 (7 e
piﬁp 22 4p 4% - KURT /%2005 # 5 " B 1:E:g > 3 2006 # &
%1 B9 KURT 1 15 » 0 8 % B IR R F 470 & N LR

CRR N RO R REE SR R L U0 R

Deposition tunnel/borchole(PWR) | 1,993,811 No. of deposition tunnel (PWR) 300
" (CANDU) | 311,821 Case VSA No. of deposition tunnel(CANDU 34
E Panel tunnels 512,722 No. of canister(PWR) 11,375
volume{mvl) Shafts 28,519 No. of canisters(CANDU) 2,529
Access tunnel 261,776 [ borehale pitch : 6m{PWR), Im{CANDU) Vol. for Buffering (m*) 322,641
Total 3,110,649 tunne! spacing : 40m(PWR/CANDU) Vol. for backfill(dep. tunnel, m®) [1,860,6
!1- 2,192m [(250mx2+30m +6mx2jxd + Smxd) »-
| A
§ g perimeter
— access
§ - deposition tunnel
b - tunnel ———}
g § ——
g ——]|& panel = > PWR tunnel
5 4 ———— }— tunnel -
£ s
g ¥ |-central access tunnel
=, E —
g Sx =
CANDU
tunnel
| [4250m | {4
6m 30m
_f_ service cage
i Lo Ul T
r * A 5 3.0m
6. 0m —] Jl—6.0m —jp _L
access unnet panel nmnel e ilali service shafl
T kiR [32]
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45 2 gy g > EMERT 3A5(R 3-10) - 2E F * 95
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7 WL In-DEBS ¥ 1 2 FH A i AP & % % (In-situ

)

Demonstration of EBS performance at KURT)“¢) -

2015 # 1 » KAERI # = # 5 3§ (KURT)E B § = # &
1A BFUERE AR AL 551 2 (B 3-12) TR LPFE
& & 6 7 ¥ 7 - Research Modules, RM) » 4-[§] 3-11 £ [§] 3-12
i e - By A FHE L2 # FHIES - PR
A W m e e FER I RBEME LIRS B B
E AR K2 g £ S AR 3 0 T 403 ¢h THM(Thermal,

Hydraulic, and Mechanical)#= 3 49501
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Module 2
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180 m
Module |

Turning Shele
wl']l]]lII1IYYIIII]IIITIITITIIIITIII‘TITTIIITIII
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T kR [36]
. 13 ) 2 gy N2 — D
] 3-10 : & B KURT ¥ = 7 5 3§ 7+ 4. )
Research Module Period
i e Phase | | Phase Il [ *12 | *13 | *14 [ *15 | 116 | "17~21
(@ Geological investigation -
Geoscience | (@) Site descriptive modeling >
(3 Groundwater monitoring programme RM-1 >
@ Hydrogeological properties of MWCF RM-1
RM-3
Natural | ® Transport properties of MWCF RM-1
barriers | & Geochemical behavior of Redox front along MWCF RM-1
@ Pseudo-radionuclide sorption & diffusion experiment - RM-4 2
@® Long-term corrosion experiment of canister material RM-1 | RM-1&2 >
Engineered | @ Preliminary performance test of 1/6 scale EBS (KURT-LOT) | RM-2 | RM-2
barriers | & | ong-term performance test of 1/2 scale EBS (In-DEBS) RM-5 -
() EDZ characterization RM-2
International | o ,pERI.SNL Collaboration Project etc Rt | o
programme g '
TR R [47]
« L3 AA 1 >
B 3-11 : 35 & KURT % = #p = 73
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Heater test
! | |
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In-DEBS RM-3
RM-4

A kiR [47]
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A-KRS 4 endiirgd B3 7 ~ 188 @ ® KB F 5 2 %
REPRFTFEFT P TREFAL IR RN RE U E
PR R ERE > 4ol 3-13 #r 7 B

A. Syrstem Developmen't B. TSPA Study

Fame | L |1
B j: - Source-term Character. = -Safety assess. of

g e
L= 77 - -National policy - QA system

C. Geo-environment Reference System E. Nuclide Migration

- Groundwater (A-KRS) -
- Tectonics . - AT/FP migration
- feasible tests in reducing

- Geology
- In-situ hydraulic - safe ; condition
= - Database

tests (KURT)

o

D. Demonstration of EBS Performance

- Eng. Scaled THM behaviour

experiments

- EDZ characterization

- Basic study for Demonstration
and Validation of EBS perform.

Fa kR ¢ [54]
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HRIEE 2 5 0 (5t 2008 & 3 F 0 KRS &% dR £ DY
P ALY 4F R o g RN R I 5 ] B R A
LB 30k E il PR 3-14) 0 2 -7 e 3 ] S b A
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(b) Horizontal Disposal

Ceramic Waste Disposal

Metal Waste Disposal

A-KRS Concept

T kiR [57)
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(a) Uniaxial compressive strength (b) Brazilian tensile strength
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Encapsulation of HLW Emplacement of disposal canister

F kR : [73]
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Riverfishing = Mannefishing

~AA

Exposure_Dose | Exposure_Patway

V. #0 for in-flow
L =0 bothkx no flow and

INT_Fracture
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Srf_Deg_Type
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HLW _Deg_Type
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Varying_kds
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KAERI Safety caso portfolio
| Design basis |
Chapter 0 | Executive Summary l Wu;:-hd = |
Chapter | | Design Base & Disposal Facility I e l
Chapter Il | Site Description [ w:a:omm ]
Chapter Il | Waste [ m-:-:;mw |
Chapter IV | Engineered Barrier System [T Rt )
Chapter V | Features, Events and Processes & Scenarios [ M:.Im |
Chapter VI | Model and Data N uou:':om |
Chapter VIl | Safety Assessment -— sa:;m |
Chapter VIl | Complementary Considerations et | w--u:;:nm |
Chapter IX | Safety Case Synthesis - | mu:'lm |

T kiR [74]

B 3-26 : ¥ B’ AKRS-16 %

117



2007 & % 2016 =& # Fgx ® = ),?cfﬂﬁ:r B AX 2y R
AR Y TREEF IR EERFAFRED RE NER I B 0 o
CERIE I AL
o 2010 & @ ¥ el @z ip 74,
e 2012 # : FEPs &2 &3 B, ¢ &k 8% 222l
e 2013 & : ffErEALE S BEUY ;) GoldSim #2589 5 #
%’T%‘GF’;J:IE [80] =1 ';J‘ iléﬁ'f“‘ 22l ;Z [81]
* 2014 & DiTHTFNE 2T TSP SN T 2Tl
e 2015 & : = ;gﬁﬁbuﬁn%[szx] : gjpugx,,:; i‘«‘f% *g\_*;gﬁ[ss] o
o 2016 & : R xstF fT g B8 B AP {8 g IR H I B R IE AT
ERL A - < I
(C) 2017~ & 5% re & Se3tF (KRSH)
2017 & 3 2020 # & F > Rypas ® R+ w2 7 27(KAERD
% * /‘%’%Tf‘ MERAFE Y £ AR R GG B B
(A A SRR E 2 % 2T R v e £ Ak
¢ Sk D0l (plam e KRS+ 4 e B T 75 P )% 2 (718
EHFL 237DE s PRl 2 i APL TR TR ERET ST
SN —f;]z fim o Tge B R a3 Ar(KAERID)#r p F 40 Apro
% ¥v(Advanced Process-based total system performance assessment
framework for a geological disposal system) 8] -
EREHREEMIRLR ¢ 7R GTE DEE(R 3-27 &
B i o ARE] 0 B 3-28 5 b R ﬁﬁ@lﬁﬁ#ﬂﬁ@ A~ A5
ALE  >BEFAEHN X 2SR GRS AE
BB 1 (bl4o] 329 3 KRS+ E £E %tz — )~ i@l

% 3B cniTid (b 4o 3-30 5 TP F T 2306 mAng) -~

118
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Apro i ¥Li inde e kAR (TSPA)E # & P

F B b B R Pl B F R R S Ao 3-31 4T 0 3%

PIEGHEAIT S A RS BIAL (- )@?J > TR o T
EXCEL #% % ﬁ%’fa‘%z—*— ' ¥ A T EFE N EXCEL #% % 0 3% EXCEL
FEk 7T e 7 IRRIERY 2 E T (R E T R)

2R EMQ AN 38 B K e (el FE AL
FHEARE A ) FEFER AT (FR kA FE L F T
(Thermal-Hydrological-Mechanical-Chemical, THMC) s #ic 35 2 %~
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Fe 0 2T o R T I MATLAB i@ = APro &4/ &
e 3L B EFH(COMSOL)E = ok i B F Ji3t 5 # 4
(PHREEQC):® s fir® 3% % % 2144t © 478 12 MATLAB #it # ig2
EXCEL 3 ¥ # 4% %78 #& = 2 COMSOL #x %8 2 PHREEQC #x %
B oo {8 ’%’%%’d COMSOL #t %8 #i3% B 4 52¥ THMC ehH -
B &% > 2 COMSOL #8823k = THMC A= 405 2 2 B o ig 2 >
F#-THMC e it & » 35 o1l £ %ﬁé PHREEQC #x %83 T 4~ &
BN R IR F I g daiE o ER P E R E R -
Apro & vtk 4% 253 % 3 j* (Sequential Non-Iterative Approach,
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3. Generation of Complex Scenario
(Monte Carlo Sampling)

4. Assessment of Complex Scenario
- Dose & Risk

Risk Convergence

5. Post-process
- Risk, Probability of Scenario
- Complementary Safety Indicator
- Sensitivity

F %R : [89]
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(b) Disposal container for R-SF

Unit:mm

(a) Disposal container (b) Buffer box & Dense Backfill (c) Concept of the NWMO type Horizontal disposal
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X § EXCEL Input
= Simulation Condition : Time, Space, Component, Process #
= Domain : Rock, Repository, Backfill, Buffer, Canister
= Mesh : Maximum size (Canister, Buffer, Backfill, Rock)
= Thermal : Heat, Material properties (Density, Porosity, Thermal conductivity, Heat capacdity, -)
= Hydraulic : Material properties (Density, Viscosity, Porosity, Hydraulic Conductivity, -), BC
= Mechanical : Material properties (Density, Young's modulus, Poisson's ratio, --), BC
= Chemical : Material properties (Dispersivity, Diffusion coefficient, --), IC (Chemical spedation), BC, Geochemical DB,
RN properties (Decay chain, Diffusion coefficient, Solubility, ), Inventory
= Failure : Canister thickness criteria, Corrosion-related parameters

IPHREEQC DLL

(:D COMSOL API

= Component Selection
: " Process Selection

= DataTransformation » Master Species

“ * Initial Condition
_  —Speciation
— Geochemical process
. SNIAscheme

® Heat Transport
= Groundwater Flow e i
— Saturated / Unsaturated THMC Step : = Geochemical Reaction
= EBSTHM '
= Conservative Solute Transport P . > Parallel computing
> Fully implicit o Geochemistry Step :

. —Dornain Segmentation
>~ Parallel computing — DataTransform
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Safety Case methodology

Step 1: Define the safety concept with multiple barriers supporting long-term
safety

Step 2: Define the design basis with safety functions, performance targets and
design requirements based on the main loads and conditions expected during
evolution

'

Step 3: Describe the disposal system and potential deviations from design
requirements at the initial state

P —

Step 4: Define scenarios based on the evolution,
analysis of the performance and remaining

lan Collate the key
uncertainties

models and data
used for performance
1 assessment and
radiological impact
assessment including
radiation doses

Step 5: Analyse the potential radionuclide releases
from the disposed waste, including resulting radiation
doses

—

Step 6: Develop complementary considerations in parallel to the safety analysis
to enhance overall understanding and provide context to the residual
uncertainties

v

REGULATORY FRAMEWORK AND EXISTING KNOWLEDGE BASE INCLUDING FEPS

Step 7: Synthesise the main arguments upon which the long-term safety is
based on and assess compliance with the regulatory criteria
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Safety Case reports
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LOW AND INTERMEDIATE
LEVEL WASTE REPOSITORY
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MODELS AND DATA
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Table 3.2. Example of a set of records to be included in the SER, derived from

the proposed procedure

Period

Records group
examples

Records/documents examples

Purpose/

Need

Record category: Site

and host rock survey and characterisation records

Site selection and site characterisation

Site acceptance
criteria and
requirements

Criteria proposal and definition, external reviews and
updates

Criteria approval and criteria evaluation methodology

Surface survey

Initial surface and subsurface monitoring of the
environment(e.g. radiological properties, air/water
pollution)

Surface survey summary report

Geological survey

Geological model

Hydrogeological
survey

Survey measurement records

Hydrogeological model

Hydro (geo)logical survey evaluation summary
report

Site properties
evaluation

Acceptance criteria, compliance evaluation report

Site acceptance

Site acceptance criteria review, update, external

- _ o I
SR Criteria and examinationand approval
S | requirements
P
47
(=
o
(&)
g Site and repository | Site and repository properties verification protocols LIl
o g
g propertles and I‘eportS
& | verification In situ survey evaluation and site verification 111
summary report
(&) g o
% = § Survey and monitoring sensors performance records| 11l
= = Y
= § 5 Above-ground Survey and monitoring measurements records LI
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and underground
surveyand
monitoring

Survey and monitoring results summary and
compliancechecking reports

Above-ground and

Survey and monitoring measurement records and
laboratory protocols

monitoring, testing —inputs for decommissioning,

g Survey and monitoring summary reports and LI
7 underground i ’
= evaluationreports
@ pre-closure survey
= - Input data for closure safety assessments,
o and monitoring ] )
environmentalimpact assessment (EIA) and
licensing process
Input data for repository decommissioning, closure
plan anddesign
Record category: Repository design and realisation
§ Repository realisation| Engineered barrier system (EBS) design, external I
'g Repository construction design external I
S examination and approval
Construction material, EBS and equipment LIl
testing/measurementreport
SRl Repository construction, EBS modification LILII
> 5 construction proposals and approval
o =
§ § Repository complex performance testing and LILII
o @ .
= § evaluation
Repository "asbuilt ; design documentation, LI
repository equipmentoperational and maintenance
manuals
Repository structures, EBS, equipment modifications
= proposal, external examination, approval, LILI
[<B) - -
% % Repository operation | jmnjementation, " as built ; repository design and
2 ‘—é_ documentation updating
< Partial boreholes and disposal chambers backfilling 111
realisation
S
a_é @ Monitoring Repository structures, EBS and equipment LILIII
S
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and closure plan development

Decommissioning
realisation
preparation

Decommissioning and closure plan external
examination andapproval

Repository closure

Repository closure
realisation

Repository dismantling and closure diary, co-
ordination meetingsprotocols, quality control (QC)
protocols, external inspection protocols, material
compliance protocols, etc.

Closure realisation quality evaluation and external
peer reviewreport

Final decommissioning and closure ' as built |
documentation, technical description, drawings,
requirements compliance declarations and QC
evaluation report

Inputs and data for EIA and closure safety
assessments and forlicensing process

Construction material, EBS testing/measurement
protocols, laboratory protocols, material proof
samples and photo/video documentation

Record category: Was

te and waste packages

Site selection, characterisationand confirmation as

well as repository construction

Waste inventory

Waste characterisation and categorisation report
(waste form, radionuclide content, toxic properties,
etc.)

Wiaste inventory register

Nuclear material

Nuclear material register

inventory
Wiaste package Waste packages design, drawings, calculations, LNl
design and technical solutionreport and quality assurance

development

(QA)/QC plan

Waste package manufacturing, preconditioning and
conditioningreports

Waste taking over
preparation

Waste acceptance criteria specification, external
examination andapproval

Waste

emplac

Waste package delivery protocols, waste package
informationfiles, other relevant information and
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Waste taking over

compliance declarations

Waste package compliance checking
protocols and non-conformity protocols

Waste package positioning files

Wiaste interim storage records

Waste inventory

Waste packages monitoring and checking

Waste packages register and nuclear material register

Disposal chamber and gallery inventory records

Repository summary inventory reports

Nuclear material inventory changes reports, inventory
reports, inventory taking protocols and nuclear
material balance reports

Record category: Repository operation records

Repository internal
regulations

Repository safeguards, nuclear safety, radiation
protection instructions, guidelines and safety culture
implementation plan

Record management system, records classification,
selectionarchiving and discarding rules

Surface (site/vicinity) monitoring (e.g. radiological,

5 otherpollutions, seismicity and precipitation

% Monitoring records | monitoring)

jg? Underground monitoring (e.g. radiological,

e geological and EBSperformance monitoring)

g Post-closure monitoring concept 1,11
Nuclear material Nuclear material register 1111
accountancy Inventory change reports, physical inventory taking | |y

and bookinventory
Safety, safeguards Operating diary, emergency training, emergency Al
and security events records, adopted measure records and
emergency event evaluation report
Record category: Safety and environmental impact assessments and
licensing documentation
3 E Public hearings and compiled objections from the Il
% % E Safety case and EIA 2ulalls, €5 |
<

Site selection, approval, governmental decision
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evaluation and

document, etc.

licensing

Preliminary construction approval and
governmental decisiondocument

Repository construction approval and governmental
decisiondocument

evaluation; and discussion of uncertainties

> S Public hearings and compiled objections from the Il
g § Safety (?ase and EIA oublic
S +& | evaluationand _ _
z § licensing Repository operation approval and governmental |
decision document
» Periodical or ad hoc
g g safety assessments/ | Authorities decisions and approvals Il
g é safety cases
§ £  Safety assessment/
% ?:5 safety case and EIA | Repository decommissioning and closure Il
= for repository approval, andgovernmental decision document
closure
Safety case strategy, plan and time schedule LI
Process reports (including underlying R&D) on LIl
geology, rockmechanics, hydrology, chemistry,
microbiology, etc.
Models and tools I
Geoscientific long-term evolution LILIN
S B Site-specific features, events and processes (FEP) LI
safety case for catalogue
TSN S1HS e 5 Scenario development (reference, alternative and LI
what-if cases)
% Input data specification; safety assessment model
3 calculations; assessment results including safety 1,111
§ functions, performance and integrity of
?.J_ (sub)systems; indicators; compliance with regulations
@

Multiple lines of evidence (additional geological
arguments,analogues, other indicators, etc.)

Additional analysis (e.g. criticality, future human
action, optimisationand qualitative analyses)

External examination and peer review
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EIA development
and evaluation for

EIA methodology, input data collection and
calculations

site release EIA summary report, drawings, maps and LIl
calculations
Safety case and EIA | Safety case report external examination and peer 111

evaluation and
licensing for site
release

review

EIA external examination and peer review

Public hearings and compiled objections from the
public

Repository operation approval and governmental
decision document

Record category: Societal and general information

Legislation,
regulations

Nuclear law and regulations (nuclear law, radiation
protection regulations, waste management regulations,
nuclear installations construction and operation,
safeguards, emergency planning, etc.)

Communication
with externals

Correspondence with licensing and supervising
authorities

Correspondence with other authorities

Communication with politicians and political parties

Communication with designated communities and
relationshipwith stakeholders

Policy and National waste management policy and practice, I
conceptual including publichearings and discussion on
materials proposed options
EIA on waste management and repository I
implementation concept
Memory tools KIF LI

Markers and tracers

T KR

42 pel14] -
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