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Session 1 Coupled Processes for Geological
Disposal of Nuclear Waste

09:20 - 10:00 Registration & Welcome Remarks

The international DECOVALEX model comparison project - 25 years of
10:00 - 10:30 | coupled processes research (Jens Birkholzer, Lawrence Berkeley
National Laboratory, USA)

Overview of the current tasks and outstanding issues in the

10:30 = 11:00 | e o oVALEX 2019 project (Alex Bond, Quintessa, UK)
11:00 = 11:30 Coupled THM processes and nuclear waste disposal in hard fractured

' ' rocks (Jonny Rutqvist, Lawrence Berkeley National Laboratory, USA)
11:30 = 12:00 Coupled THM processes and nuclear waste disposal in argillaceous

' ' materials (Antonio Gens, Universitat Politécnica de Catalunya, Spain)
12:00 - 13:30 Lunch

Session 2 Country Updates on National Program
& URL

Geological disposal in the United States: the past, the present and the

13:30 - 14:00 future (Jens Birkholzer, Lawrence Berkeley National Laboratory, USA)

Licensing of the final geological disposal of spent nuclear fuel -
14:00 - 14:30 | a perspective from the Swedish authority (Carl-Henrik Pettersson,
Swedish Radiation Safety Authority, Sweden)

Some contributions of the Meuse-Haute-Mame URL for the Cigeo
14:30 - 15:.00 | geological disposal project in France (Darius Seyedi, Agence Nationale
pour la Gestion des Déchets Radioactifs, France)

15:00 - 15:30 Break

Session 3 Status of Geological Disposal of
Nuclear Waste in Korea

Country update in Korea (SeungHyun Kim, Korea Radioactive Waste

15:30 - 16:00 Agency, Korea)

16:00 = 16:30 R&D activities at KURT for HLW disposal technology development in
' ' Korea (Geon-Young Kim, KAERI, Korea)

16:30 = 17:00 KIGAM's R&D activities related to HLW geological disposal in Korea
' ' (Eui-Seob Park, KIGAM, Korea)

17:00 = 17-30 Korea’s R&D Development in coupled processes and geomechanics for
' ' geological disposal of nuclear waste (Ki-Bok Min, SNU, Korea)

18:00 - 20:30 Banquet
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DECOVALEX stV —H1 » S8 A E] 2016 41 A DECOVALEX-
2019 2B Task-A FEEE A SRERIEEE - Task-B JE & T BN @8 B BRIt - Task-
D iy B 1 TAZFEEER) HM B THM #E& i =(EHE - AEREEEA EErse

adod > oAl Ry
® Task-A : Modelling gas injection experiments (ENGINEER)
® Task-B : Modelling the induced slip of a fault in argillaceous rock

® Task-C : Groundwater recovery experiment in tunnel (GREET)

® Task-D : Hydro-mechanical interactions in bentonite engineered barriers

(INBEB)
® Task-E : Upscaling of modelling results from small scale to one-to-one scale
® Task-F : Fluid inclusion and movement in tight rock (FINITO)
® Task-G : EDZ evolution in sparsely fractured competent rock

AR TAE G R R TRETZE T (KAERD) T3 » BHA =K - HiBE R igEl e
FHHY Center Mark Hotel (& 6 ~ & 7 ~ [ 8) - RS EALEHE * ARSI RS

FEVVEHF(ANDRA) ~ FEEH A HBRR B2 EL 5 A& AR5 fE (Federal Institute for
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Geosciences and Natural Resources * BGR) ~ JJ1 & K% Bt % & Z B @ (Canadian
Nuclear Safety Commission > CNSC) ~ {55 E(Department of Energy > DOE) »
=B SS it re AR R B Bl (LBNL) ~ I A% REE % (Swiss Federal Nuclear
Safety Inspectorate » ENSI) ~ 2% B 45 5[5 & & % 5E & £ W 22 7 (Institute  for
Radiological Protection and Nuclear Safety » IRSN) ~ H A& T S0 42 i 2814 (Japan
Atomic Energy Agency > JAEA) ~ NIE KB B =Y HE %8 (Nuclear Waste
Management Organization, NWMO) ~ 3% B #% T [ % & # #% % (Nuclear
Decommissioning Authority » NDA)FT &S M FEEEY) & H B {17 (Radioactive Waste
Management, RWM) ~ B SLE8 5 272 [F(SSM) ~ FE s U MR RS e s in B B B
f&(Radioactive Waste Repository Authority, SURAO) ~ {3 ¥ 22t EE 24 BR i F 72 s
(Helmholtz Centre for Environmental Research » UFZ)DL K &85/ &) HEE (B 9) »
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\

11



% 3 : DECOVALEX-2019 & IG5 S: BT

FO\Task A B C D E F G
Task Lead BGS ENSI JAEA UPC ANDRA | BGR/UFZ SSM
BGR/UFZ | BGR/UFZ | BGR/UFZ UFZ/BGR | BGR/UFZ
DOE SNL & LBNL LBNL SNL LBNL SNL SNL
ENSI ENSI
JAEA JAEA | JAEA
KAERI KAERI KIGAM KAERI
RWM Quintessa Quintessa
SURAO TUL IGN TUL/IGN
CNSC CNSC CNSC
SSM Geomecon
& SNU
NWMO NWMO
ANDRA UPC ANDRA
TaiPower NCU/TP INER NCU/TP
¥ ¢ UPC APt nz=fE /e nn#E T. K22 (Universitat Politécnica de Catalunya)

BGS 3 Bt # & 5 75 F7(British Geological Survey)

TUL A ve Al H 35 2R K2 (Technical University of Liberec)

IGN E#ETT Institute of Geonics of the CAS

NCU EF 17 1K 2 (National Central University)

INER A3k EFZ5ET 22T (Institute of Nuclear Energy Research)
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Welcome to the 6'" Workshop in

Seoul, Republic of Korea

Jens Birkliolzer, DECOVALEX Chairman
Lawrence Berkaley National Labaratary

Alex Bond, DECOVALEX Technical Coordinatar
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(—)Task-A : Modelling gas injection experiments

N pR B AT REAFAE SRR A SRS DI B R B T AR R S e
VIR EREED) ~ H /K HVERS /KR ~ U TR, B iR IER] - 152
SR I DA 18 P BRI R R S NE R (18] 10) > E SRR R e SR T
R RTRE SR @AY 22 S TIRE T AR R HHY 22 (NI RS RS T RAVRISE Y T
TEfEEEAYPERERF /S A & B —TH IAE -

181EM

‘' damage zone

auojskep pajeinjes

¥l Wt

Advection and diffusion Visco-capillary flow of gas and Dilatancy controlled gas Gas transport in tensile
of dissolved gas water phase ("two-phase flow") flow ("pathway dilation”) fractures ("hydro-/gasfrac”)

10 : ARSI
BRIACE @ T{EerSmm

TR A FT(BGS) Ry FE SR A RS AR - 5 1 (o Y BR 12 Y MIX-80 i
+ o ERFERINVERERE T o DIERETEASER(E 11) - Task-A HYHEE
RIARIZ et 2 B - HE—20 T IPERISRASE A B AR R APt sy T R - A
BRI T DARE FHAE U SRBA PR ~ S EhRET S Sk -

Task-A I S E: - EFIEEL(Stage 0) £ Ry ot TEBUZFUVRE 5%
—PEE(Stage 1) EHSRAT B A S5 N SRR L RVEE - ol AR s
A BRIVE RS SRR B - NI E BT o 5 R B — SRS 01T S 56
“ P& P (Stage 2) A gs PR SRR > I 4R SR BRIV EERA Ty
PESEZ(Stage 3) IR SR &g = 0 o AR — DR B R A a At - I
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Pressure vessel

Stress Sensor Locations

11 TASK-A SRAaE A st B i LR B E

Task approach

Task based around an incremental approach to the Stage 1: 1D gas flow
complex issue of gas migration in clay-based materials — (bentonite)

though none are straight forward T
X 1
\'4

Emphasis initially on compact bentonite = Stage 2: Spherical
gas flow (bentonite)

Originally hoped to include a natural, heterogenic clay-

based material with an option to also include a pellet- c
based system, but this is unlikely in the current phase v

Stage 3: Gas flow in

Experience gain through this task is of direct relevance natural material

to multiple end-user applications including CCS, shale (COx) and pellet
based system

gas, landfill liner design, primary oil/gas migration, rad
waste etc. (bentonite)

© NERC All rights reserved

12 @ Task-A 7M1t

BRAOE © TR ERiG®R
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e Task-A FIR & 5 A\ JLEIHE FHAFT(BGS)HY Jon Harrington([&] 13)#EE
HEFEEOR([E 14) > 2018 FFEHE NS =FEE - HINRAESIRHIERE - SE%
AVHENE B 7% 1% SR LLSE R —IE e Z st TAF Ry B B MR AR g
srAR o S BRI o B B A E T AE 15 B - BB BB R
ENCUET » AR AZERBTIEE THMC f&0 TR - SRAEEE
ZHH It (multiphase flow)H7KTEAH » BUR A FI 2G5 M (visco-elastic) 4 B HY ) B35
—PEEEIRACER S RANE 16 > PN ERHEE T AR B R S /A
K(E 17) 55 PR S EIRAVEL T ECRAE 18 > BURH A 7 A S E R
AIECEHATHE RAVZEE > BIZ R EFERETRE & (B 19) > DECOVALEX
STEERERFRN  REHER O SE ARG - st AR TIF g Task-A
AR - BLR B EAEEL A — BRI - B A E R EORFE S

Task A: modElliNg Gas INjection ExpERiments
(ENGINEER)

Jon Harrington and Elena Tamayo-Mas
British Geological Survey

Decovalex Meeting, 16th October - 19th October 2017, Seoul, Republic of Korea

13 : Task-A E[x&E A BGS #Y Jon Harrington
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Activity Spring | Autumn | Spring | Autumn | Spring | Autumn | Spring | Autumn
2016 2016 2017 2017 2018 2018

2019 2019

Stage 0: code
development

Stagel A& B:
1D flow
(laboratory)

Stage2 A & B:
Spherical flow
(laboratory)

Interim
reporting

Stage3A: Gas
flow in natural

clay

Stage 3B: Gas
flow in
pelletised
bentonite

Final Reporting

14 Task-A FREEFTHEE

Modelling approaches (update since Nancy)

STAGE 1A
. Two-phase flow continuum models
UPC/Andra-H: rigid medium
LBML-C-E: elasticity
CMSC-E: elasticity
CNSC-D: damage
KAERI-D:darmage
BGR/UFZ-P: elastoplasticity
CMSC-P: elastoplasticity
MCU/TPC-E: elasticity

el ol e

10. UPC/Andra-HM-E1: elasticity
11. UPC/Andra-HM-E2: elasticity
12. UPC/Andra-HM-P: elastoplasticity

. Discrete approaches
13. LBNL-D: discrete fracture network

. Other
14. 5ML: chaotic model (conceptual)

. Enriched model with preferential pathways
9. Ouintessa/RWM-Cap: capillary mode|

& HERLC All rights rasarsd

STAGE 2A
Two-phase flow continuum models
CNSC-D: damage
KAERI-D: damage
BGR/UFZ-P: elastoplasticity
CMNSC-P: elastoplasticity
5. NCU/TPC-E: elasticity

S

Enriched model with preferential pathways
6. Quintessa/RWM-Cap: capillary model

7. UPC/Andra-HM-E1: elasticity

8. UPC/Andra-HM-E2: elasticity

9. UPC/andra-HM-P: elastoplasticity

Discrete approaches
10. LBMNL-D: discrete fracture network

Single-phase flow model {empirical model)
11. Quintessa/RWM-E1
12, Quintessa/RWM-E2

Other
13. SML: chaotic model (conceptu

15 Task-A ZEIREEHZ o HrEEmEL 774

BRIAR © TAE gk
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- Stage-1 Axial Stress - Stage-1 Radial Stress

4 a

%10 %10 .
2] [enen Stress Injection loadcell (HM Modeling) 2] fanan Stress loadcell-1 (HM Modeling) \
1.8+ |= Stress Injection loadcell (Lab testing) 1.8 | | = Stress loadcell-1 (Lab testing) h..
LLLL) loadcell (HM i === Stress loadcell-2 (HM Modeling) | =,
161 | Backpressure loadcell (Lab testing) 161 |—— Stress loadcell-2 (Lab testing) S
14 1.4 |==* Stress loadcell-3 (HM Modeling) | ***~e,, ~ "**s, |
: — Stress loadcell-3 (Lab testing) | el
© 1.2 ]
o
x 1
08
06
04
0.2 e
pressnsnnnnnnnnnans ‘-Vnﬂul::_,o_ i . 3 2 N |
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Days Days
- Stage-1 Pore Pressure - Stage-1 Gas Inflow and Outflow Rate
PoreWater Pressure (MPa) x10° ;
4000 — == =
...... array-1 (HM Modeling) 14 Inflow Rate(HM Moc!elmg)
|—— array-1 (Lab testing) = Inflow Rate(Lab testing)
12000 . === Qutflow Rate(HM Modeling)
------ array-2 (HM Modeling) 12 e Oulfiow Rate(Labitostin
— array-2 (Lab testing) utflow Rate(Lab testing)
10000 | .uueu array-3 (HM Modeling) o
~— array-3 (Lab testing) 8
O 8000 f |eeeeen center (HM Modeling) 0
& |= center (Labtesting) | [:3F 2 i e LRl
6000 E
6
K
4000 B
4 o
2000 I J oS
A R e A s MO 2 M LA T ]l
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Days Days

16 EIL TR ARSRERE —FEE TR

Summary results: Stage 1A

Radial stress Axial stress I Pore pressure

Model

BGR/UFZ-P

CNSC-D

CNSC-P

KAERI-D

LBNL-C-E

LBNL-D

MNCU/TPC-E
Quintessa/RWM-Cap
UPC/Andra-H
UPC/Andra-HM-P

2 HERLC All fights ragarsd

17 : Task-A 55— PEEC S EIEIIR AN (BRI FRR5E L)

BRAOE © TR ERiG®R
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Stage 2A: peak values

«10°®
14000 | pr— - 'l
~Data
~CNSC-D
12000 08 } |~——KaER-D >
7 - NCU/TPC-E
= 10000 ¢ G A E—— e
g P o S e, "'léo.e /
9 B000 = i
£ - 2 /
3 6000 204 t / wn
; a Il f AU
[+ ~ [
4000 Quintessa/RWM-Cap 02 ’ | n " |
—— Quintessa/RWM-Emp l 1 M ) v
2000 UPG/Andra-HM-P(Pg) ! W 1\
UPC/Andra-HM-P(Og) 4 . / LY
S 740 45 M0 785 760 75 T T8 70 735 740 745 750 755 760 765 770 775 780
Time [days) Time [days]
F1af | Urcimiater QUESTION 8:
3 - - UPC/Andra-HM-PiQgi|
3 Peak values seem to be
B overpredicted by most teams. Why?
] ~
<0 /

04
o 735 740 745 750 755 60 765 Ti0 775 7O
Time [days]

18 : Task-A 55—FEEz S BURCREEHEL

Summary results: Stage 2A

Radial stress Axial stress

Model o | e

g | 8

5| a
BGR/UFZ-P
CNSC-D
CNSC-P
KAERI-D
LEBNL-D
NCU/TPC-E

Quintessa/RWM-Cap
Quintessa/RWM-Emp
UPC/Andra-HM-P(Pg)
UPC/Andra-HM-P(Qg)

2 NERC Al ights iasanad

19 Task-A 55 FEEC S EHIR AN (BRI FRR5E L)

BERR ¢+ LAF &
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(—)Task-B : Modelling the induced slip of a fault in argillaceous rock

e VBT B R SRR KR LB RSN - (e B8
FEEARTPAR VI > L ATREIN Ry 2 BN IE T T8 » Bzl ~ IR FH RIS 2
MEASEE - #EM e BN —EREE » NIt - Task-B FFi L Mont Terri
s B B = N E B E B (Fault Slip Test) sRAETTHIFE(E 20) > (3 s s B
Hik{Er & (High-Pressure Pulse Probe, HPPP) » [ A8 e Sl - S L
P TR - AP EEE MR P R A ARSI R R (8 21) - JEA1 - tiEstbait
SRl 5 [ i S P RE ORI, > SCeRET e P A AR R R RS > ST e T
AT R TER G o > AR AT S ~ FLRRUKBRERHY T /KRS LA
Ao

Task-B {RIGAR B 553 (F = (EFSES - B DN AR AR RN S5 — P EL By
TRV ST B A S b1 T R TE R REA LR © S5 PR R
BT E LRI | 55 =R B i £ B EAE (B SR - AR TAEER
A TR AEE TS PR I P 2 3 A SR 55 R se 21K 5 B i == (LBNL)HY Jonny Rutqvist
BEE - A0 22 R - B EEIBETERAZITATINER)(E H =4O T 2R
3DEC HETTHIFE » AIHI5E RS I Eall: B g AL AR AR A B (BMT) Y 734 LA (1
23) » £ HEx BMT BRI AE 24 > DURIE 25 wJ8ERET SIS HLIE EIfr
B E R EIHYE(E - S B ET RS R RO AHLE YA 22
MG -
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Depth (m)

NW BFS1 BFS2 SE
BFS6  BFS3 BFS4 BFSS
30 —_*
(29.8m)
35 ]
(35.9m)\JF
%, & (38m)
¢K\
4
A0 T (40.6m)
G ~
(44.sm)T\
454 % =
%, (45m
f//_}v///v
m
C m
50 | |
20 : Task-B Mont Terri B/ B E LIRSS B~ B E

Injected Flow rate

1

Pressure

Valve
Pressure
sensor
Upper
Inflatable
l Packer
= Pressure
— sensor
|
o
==y

| Injection Chamber

Inflatable
Packer

(@) Pressure
sensor

21 : Task-B = FAAK{EZ(High-Pressure Pulse Probe, HPPP)
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DECOVALEX-2019 Task B Steps

201& 2017 2018 2019

capt

et WEG
March
April Ws7
May

Tune

Tuly

AUE

sapt

v WSB

Haw
Disc
lae

Feb

Step 2

Step 3

Wieap wp
Final Report
Joimt fowrnal

Paper

IRl [F2 = Debrvery of Intenss Reporte onStepe 1, 2, FR = Final Report, WSl — 8 = Werkshope
Step 1) Model inception: A benchmark calculation on activation of a single fault plane
Step 2) Minor fault activation: Interpretative modelling of minor fault-activation

Step 3) Major fault activation: Interpretative modelling of activation in a major fault

22 : Task-B HHE|FTHE

Cases teams have worked on to date

FM  FM2 FM  FM2

1 1
BGR/ 1} Open GEQSYS/XFEM v v v v v
UFZ interface
2) Rolox LEFM
CNSC COMSOL/interface v v '
EMSI Open GEQSYS/finite v v v v v
thickness
GFZ
INER 3DEC/interface v v v v v
KIGAM  TOUGH-FLAC/interface v v v
TOUGH-Elements v
LBMNL 1) 3DEC/interface v v v v
2) TOUGH-FLAC/finite v v v v v v

thickness element

v Previous Results v New Results for Seoul WS
23 Task-B & EE X GLORTATERHNE)
BEREOR © TAEE SRR

23



Displacement in m

Simplified Benchmark Simulations BMT

BMT 6 - Profile along Dip f <Py, S5 x

J.0E-4

Mormal displacement

2.5E-4

)
=
M
B

1.5E-4

1.0E-4

Displacement in m

5.0E-5

0.OE+Q

ADDB-THH54-321012345678810
Z coordinate in m

& 24

Pressure in Pa

BGR 2005
= = =BGR 005
CNSG 30s
= = =CN5C Bl

ENSI 200=
= = = ENSIB00s
GFZISSK 2005
= = = GFI'ESM 8008
INER 2005
= = —INER 8005
HIGAM_intarfacs 2005
= = = KIGAM_inieriaca 8005
KIGAM _elerment 200s
= = =KIGAM_slement 800s
LBML 2i0s
LBML 500

+ Cy

GAEHE 4

Pressure

5.0E+8 4
4.0E+G 4
J0E+E |
Z0E+E

10E+E {14

QDEHD

ANERE - N — S —
AVD BT H5-4 321012345678
Z coordinate in m

910

: Task-B BMT %[5l SR ELH#L

Step 2: fault shear & normal displacement at Point 1

2.0E-4 - 7.0E+6
| -
. ' -
i 6.0E+6
1.5E-4 1N - = == = Injection Pressure
, K BGR u_sd
| ce! K - 5.0E+6 - — —=BGRuU_N
T ;‘ CNSC u_sd
- O |= = =CNSCu_n
1.0E-4 . o -
e P - 4.0E+6 o ENSI u_sd
R nt < - oo ‘o |- = —ENSlu_n
il i~ R e R e ; GFZ/SSM u_sd
i z -3.0E+6 § |~ — —GFZ/SSMun
5.0E-5 R P & INER u_sd
e — — —INERu_n
L 4 2 0E+6 KIGAM_interface u_sd
t, - = = = KIGAM interface u_n
0.0E+0 .—’__—\\ ﬁ:gim_e:ement u_sd
' | - | elementu n
12 K 1.0E+6 LBNL u_sd
LBNL u_n
'5-0E'5 T T T T T T T T T T T T T T T T T T T 0-0E+0
0 100 200 300 400 500 600 700 800 900 1000
Time ins
. s —— ~ N, .
25 : Task-B 25 [EEX S EIRRELES
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(=)Task-C : Groundwater recovery experiment in tunnel

HAS Mizunami BBl N EEREE Ry T S8 R fe k8 i EARRE ROy LR g A
37> Task-C BB E T AN HAF T W 5ER 8IS AEA)RY Teruki Iwatsuki FI|FHH
S ARt N YUE > BT N KRR - WFE i A B R SRR R S A B P
TRETHL T /KWAEEDL > LLURGEE Py HMC BIAEY Z f a7 Ry(El 26) - HATER
HAC JAEA ~ 5[0 LBNL B2 vd TUL 201 - fify HC MBI G ke 2 FREl S
R B E NIEELAY RE SR - NI & B E RTINS (52 B ATHRE
ZITfFgE > sHERKE(EZ AR - EAIEAYE > Teruki Iwatsuki i EFRIRHA
B Rt N BB N B AHAYE - s T BURF AR - INIERIRFESRE > i ATH
sTERHEAES  (HEEERERNEREBEGEE RIS > Rt Es

B AR SRR -

Task C: Main target for the workshops

Stepwise approach to develop
modelling techniques.

1343

+ Prediction of H-M-C disturbance by tunnel
excavation
D » Verification of the prediction and the calibration of
Step1 model to match the observation data

S *» Model improvement by additional 11 borehole data
* Prediction of the H-C recovery after drift closure

Step 3 + Verification and calibration of the prediction
Bth _HTEPK h technigue on H-C recovery after drift closure
OrKsHop based on the observation data at CTD

Step 3 » Prediction of long-term H-C condition around CTD
7t Workshop

DECOVALEX-2019 6™ Workshop & Steering Committee Meeting, 16" — 19" Oct, 2018, Seoul

26 : Task-C T{EEfE
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Task-C 77 Fs —(EF& B - F5—IBELEHEEf PSR 8 (Closure Test Drift » CTD)
TEFIZ RIS B2 BB BN HMC REETT Ry 5 56 PS5 CTD fE3 T K[ElE
HEFEHY HMC 175 5 SB=FEELRI A TEA CTD [H & & HIFEREHY HMC fE&1F
H e s E RS EIE R T ACR - ALOEEE I BERCRIE SRS M Reifa (Discrete
Fracture Network » DFN)f H A5 fiAb > W08 48 7F KUE Ry St g 1L IR e
(Equivalent Continuous Porous Media » ECPM)#E{T#E K& EIHIHT T AR 54T - H
A BB N /KR o réS SR L E B BUR tHAT  (E(LE2E05) » pH/ORP ERH &
HE T TERDR R FAERR AR - (€ HAR JAEA HE[ 73 2Ey - A2 ALEL b5t
FREEE(E 27) -

Short synthesis

Progress/achievements in the 6th workshop

o , Each team’ s current Prospect until the 7
Prediction | Location | ..\ iavement on simulation meeting
—_—
g Water Borehole | A | A little more Probably be achieved
e
= Pressure e O | Almost achieved Achieved
It has not been fully Difficult to achieve because
| pH/oRp | BOM® | X fimproved. of the lack of time?
.'E CTD A | A little more Probably be achieved
@ Found a clue of the .
= 2
S| ¢/ conc. Borehole ? (SR Check the found solution
CTD A | A little more Probably be achieved

Hydraulic simulation is being able to reproduce the observed data. There are still some problems
to be solved in the H - C coupling simulation to capture the Cl change.

The task until 7" meeting

« Water pressure variation: Additional calibration of the simulation in/around CTD
« Chemical variation: Additional calibration of the simulation in CTD.

+ Cl concentration: Additional calibration in all monitoring point using the new idea

DECOVALEX-2019 &™ Workshop & Steering Committee Meeting, 16™ — 19™ Oct, 2018, Seoul

27 : Task-C PEEEERE

BRIAR © TAEEaki
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(PY)Task-D : Hydro-mechanical interactions in bentonite engineered barriers

TR PR e ZE R ith g e B T S PR 2 B PR BRI R S Hop TR BRI
SR BBIERERF(L - 2 H ATE RTS8 TR - Task-D By E 2 HERRI SHFEeR
fEr[aSEA R T AE 2 F 58 281 2 FifY HM B THM #&17 5 T EIL

(homogenization) ¥ Z- £ TEEHY 2L o

Task-D FfT{ FHRYEIE SR H A WA {EFR A8 - o7 il 1 Mont Terri M NE
En=iy EB 3En(E 28) > B1kE1 Grimsel # FEFEH=#/THY FEBEX (Full-scale
high level waste engineered barriers)5{ER(f8 29) - Mont Terri #2552 FH =L}
% ks Opalinus %1 » EB sl B NIEAER SR IIEN T O7HIR R 38 - B 7RI
SECRRE R Rkt ANT0ORK > BB R 10.5 4F - [ ENEEEEIRENIS & - 7
ETRPRHEENRRE ~ FLISUKBR S 28 - B2 R 1Y HM fE&EH  Grimsel R
EheEFENSES A RCRES - B RE 18 4 - [RRERE R Bzl
7 0 BN - (EECREDISTHSBERIIAVEL » i58 THM A9 &1E -

Racl bot ancher regien

Concrele plug
::‘T»\\ N\ ’
N\
oI Ni 7/} EBexperiment (J Dummy canister
iche ;y’;; tunnal T/ L k
& /;f/;;//, e /] / » Length: 454 m
. i X/ Nk [ » Diameter: 0.97 m
A 590 I 2 J[ | mEe » Weight: 11,000 kg
v {310 e
i
GRANULAR
BACKFILL
E
g
BENTONITE
BLOCKS =&
HYDRATION
RINGS

28 : Task-D EB Bk anEE
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— Bentonite blocks
— Steel liner
— Heater (diameter 0.9) |50

Granite

m Lamprophyre 71 Concrete 01 2 3m
1277 Granite | Bentonite e

29 : Task-D FEBEX stfgisat N ElE

Spring Autumn  Spring Autumn  Spring Autumn  Spring Autumn
2016 2016 2017 2017 2018 2018 2019 2019

T [ T [y h
Specs. Stg. 1 Results Stg. 1 Results Stg. 2 ResultsfStg. 3 Results Stg. 4 Summing up
EB (1/2) EB (1/2) EB (2/2) FEBEX (1/2) FEBEX(2/2) &
Specs. Stg. 2 Specs. Stg. 3 Specs.Btg. 4 Reporting
EB (212) FEBEX (1/2) FEBEX (212)
| Interim Repodl
Now

30 : Task-D KR/ THEE
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Task-D HYE(RE T A R PUPEA T1ZR P/ i TRER(UPC)RY Antonio Gens
TAFMEEEANE 30 A G EHRF ek EB sl 2 EE¥IIIe s # 7> FEBEX Sl
FAYRAEERC R - EB SUBRE Y - 5 BB P (8 R i T B E e A0 el 31

TASK D: INBEB (Stages 1 and 2)
0 Analyses

AT
OO ORI
&)%‘Vw‘. ca'“'l);

3 )
SR AV,
00 % v

-
' =
- .
.

an
X

KAERI NCU:1793 nodes, 1703 elements

TASK D: INBEB (Stages 1 and 2)

0 Activities of the modelling teams

Mechanical

Elastic + swelling EB Stages 1 and 2 Final report

IGN CoMsOL term Benchmarks submitted
IRSN No activity Mo activity No activity
Elastic + swelling EB Stages 1 and 2 Final report
JAEA THAMES term Benchmarks submitted
TOUGH2-MP EB Stages1and2  Final report
KAERI FLAC 3D £ Benchmarks submitted
Elastic + EB Stages 1 and 2 Final report

NCU HGC 4.3 swelling term Benchmarks submitted
31 ¢ Task-D EB S{ER&HIR 2 417 T - BistER G148

29



EB test observations vs modelling results (Stage 1)

U Relative humidity
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32 : Task-D EB 5525 BRpICR ELEL
ERR @ TIF

EB &6 £ B B AV LR SR bl an ] 32w AH R RYE R R R e A
HERBESEMST - BT R AREEZRNCU)REMEHETHZER
HydroGeochem f2ZUHETT o047 - BRTRARIIFERESE T - AR LU Hragig s e iyl
A o RIL S ARG THER R AT » 75N -

FEBEX SUBgHl7) - S EIEF RIS SOE AE 33 > ARUAEE £ 35epAl
TR - DU IR bRg S ENEIR LB - SEIR5HE
PR EEEANE 34> B 1L LR EREIBR(NCU) (s F BTy oo A iaE 1% - Jm e R
REIFEREIE A BEEEAT - (B0 E UGS - RSt - fE R ETIHYER o3 A
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TASK D: INBEB (Stages 1 and 2)

0 Analyses

$ 6 & U & & o5 x % mE o8 U

KAERI

— =
It |
3

P

% -
| Heater condition

| Temperature (10°C)
Total water head ( 100m)

1 cInital perod of 20dsys | 12000V per heatar
*Next 33 days : 2000WV per heater
*After 53 days : Constant tempaerature [100°C)

JAEA

NCU
33 : Task-D FEBEX sllER#% %~ 4t 5 E

Task D: INBEB. Stage 3, performance: temperatures
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Task D: INBEB. Stage 3, performance: radial stress

EvaluSion al point PL on sectian £2

5
E
T
]
3 2
4 I ] i 5
v HEATER # HEATER i o | e —
T . + . — -
3 — Er———
E 2 _‘..AP‘!‘:&M:-E-:E'—‘_ 1 =
3 =l
g 2
UKER CABLE il w
| — . - LI
# e LE R MK @ W R W ] ] ] -
o s ® u w ® B L
-4
L] g A &0 a0 1000 1200 100 1600 1E00 )
Tieres | v}
B - - E - KAE -e-RiCU B Ok
Evchution wt point P2 on aection E2 Evduion st point F3 on asction £2
] ®
k] E
7 T
i° i '
5 i — Ly o 5 T — - 4
! ey T | 'R ! e | L——T "2 []
. — - s = — =2 :° — = S
— - y < = T il il
] ———= - == .
Il = == - ===
Pemi - g
i 15 I E ;"
™ L
L 14—
L]
L] o
s ®
-4 -
o il L] B3 L] LU b O ] ] 1L ) 0 ) Ll L 20 WD 10D 0D iem 1B00 ]

Tirve: | erps]
-8-HiN - IRS -8~ MF ~-EAE -a-MCU @ OM

& 35

Tmee: | kv
WG RS #-AE <-RAE MO 8 OM

* Task-D FEBEX a5 & BB R ELRL (LRI E )

Task D: INBEB. Stage 3, dismantling

Section 27
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/e failed.
), Gyeongju LILW ropository —
on-site storage capacity from 2024.
nt ionon Spent Nuclear Fuel Management ) submitted its
 country's SNF that included site selection, URL, and final disposal.
establishing basic national plan for HLW management

f of basic national plan for HLW management based on the
, 2016 — First official long-term national plan includingmilestones

generic URL & RD&D, on-site URL forlicensing, construction &

in operation (July 2015)

mvod!ho national plan for HLW management prepared by MOTIE on
3 of Nuclear Energy Promotion Act.
nt coresponding to the national policy is in progress
ﬁF.{ luding the “Basic National Plan” aer being reconsidered based on
power).
c will determine in the future; centralized interim storage,

: techniques forHWL and performing various

Mcw;nﬂy the only URL in Korea, must play a major role in
: dspmalb 0s nceptand the technologies, and especially in public
being pllmod based on the national plan in Korea.

HLW Disposal Research Division
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6" Workshop & Steering Committee Meeting

Seoul, Republic of Korea

16" October — 19t October

Dress Code: Casual

Start At Stream 1

08:30
09:00
09:30
10:00
10:30
11:00
11:30
12:00
12:30
13:00
13:30
14:00
14:30
15:00
15:30
16:00
16:30
17:00
17:30
18:00
18:30

Registration

Welcome
Invited Talk(s)

Task Intros
(20 mins each)

Day 1
Stream 2

WiFi Login:

Summary block agenda

Stream 3

Stream 1

Day 2
Stream 2

Stream 3

Day 3

Task A

Task G

Task E

Plenary: Tasks A - G

inc. 15 minutes break

Lunch

Lunch

Lunch

Lunch

Lunch

Lunch

Lunch

Task B

Task D

Task C

Task A cont.

Close

Close

Task F

Planning
Session

Break

Close

Close

Task Leader
Meeting

Close

Close

Open SC Meeting

Close




16/10/2018 (Tuesday, Day 1 AM)

Room: Center Mark Hall
Time Speaker
08:30-09:00 | Registration
09:00-09:15 | Welcome Jens Birkholzer
09:15-09:45 | Overview of Spent Fuel Management Programme ) )
and KURT in Korea Min-Hoon Baik
Task Introductions and Invited Talks
09:45-10:05 | Task A Jon Harrington
10:05-10:25 | Task B Bastian Graupner /
Jonny Rutqvist
10:25-10:45 | Task C Teruki Iwatsuki
10:45-11:00 Break
11:00-11:20 | Task D Antonio Gens
11:20-11:40 | Task E Darius Seyedi
11:40-12:00 | Task F Hua Shao
12:00-12:20 | Task G Tobias Meier
12:20-13:30 Lunch




16/10/2018 (Tuesday, Day 1 PM) — Stream 1

Room: Center Mark Hall 1
Time Topic Speaker
Task B : Fault Slip Test
Modelling the induced slip of a fault in argillaceous rock
13:30-13:40 | Brief Introduction Bastian Graupner /
Jonny Rutqvist
13:40-14:00 | Team 1: BGR/UFZ Hua Shao
14:00-14:20 | Team 2: CNSC Son Ngyuen
14:20-14:40 | Team 3: ENSI Bastian Graupner
14:40-15:00 Break
15:00-15:20 | Team 4: INER Hsien Chou Lin
15:20-15:40 | Team 5: KIGAM Jung-Wook Park /
Taehyun Kim
15:40-16:00 | Team 6: LBNL Jonny Rutqvist
16:00-16:20 | Team 7: DynaFrax/GFZ/SSM Jeoung Seok Yoon
16:20-16:35 | Fault Reactivation using Roxol Tobias Meier
16:35-16:55 | Synthesis Bastian Graupner /
Jonny Rutqvist
16:55-17:15 | Q&A with Yves Gugliemi Yves Gugliemi
17:15-18:15 | Task B Discussion Bastian Graupner /
Jonny Rutqvist
18:15 Finish




16/10/2018 (Tuesday PM, Day 1 PM) — Stream 2

Room: Center Mark Hall 2

Time Topic Speaker

Task D : INBEB
HM and THM INteractions in Bentonite Engineered Barriers

13:30-13:40 | Brief Introduction Antonio Gens
13:40-14:00 | Team 1: IGN Martin Hasal
14:00-14:20 | Team 2: JAEA Yusuke Takayama
14:20-14:40 | Team 3: KAERI Changsoo Lee
14:40-15:00 Break
15:00-15:20 Team 4: NCU/TP Chia-Wei Kuo
15:20-15:40 | Team 5: IRSN (not expected to attend) Nadia Mokni
16:00-16:20 | Synthesis Antonio Gens
16:20-17:20 | Task D Discussion Antonio Gens
17:20 Finish




16/10/2018 (Tuesday PM, Day 1 PM) — Stream 3

Room:

Meeting Room #4

Time

Topic

Speaker

Task C : GREET

Modelling of coupled behaviours during groundwater recovery process around the gallery

13:30-13:40 | Brief Introduction Teruki Iwatsuki
13:40-14:10 Team 1: JAEA Hironori Onoe/
Yusuke Ozaki
14:10-14:40 | Team 2: SNL Yifeng Wang
14:40-14:50 Break
14:50-15:20 | Team 3: TUL Milan Hokr
15:20-15:40 | Synthesis Teruki lwatsuki
15:40-16:30 | Task C Discussion Teruki Iwatsuki
16:30 - 16:35 Change-over — 5 mins
Task F : FINITO
Fluid inclusion and movement in tight rock
16:35-16:40 | Brief Introduction Hua Shao
16:40-17:00 | Team 1: BGR/UFZ Hua Shao
17:00-17:20 | Team 2: Sandia National Lab Yifeng Wang
17:20-17:40 | Team 3: UFZ Olaf Kolditz
17:40-18:00 | Synthesis Hua Shao
18:00-18:30 | Task F Discussion Hua Shao
18:30 Finish




17/10/2018 (Wednesday, Day 2 AM) — Stream 1

Room: Center Mark Hall 1
Time Topic Speaker
Task A : ENGINEER
Modelling advective gas flow in low permeability materials

08:30-08:40 Brief Introduction Jon Harrington
08:40-09:00 Team 1: BGR/UFZ Torben Briining
09:00-09:20 Team 2: CNSC Elias Dagher
09:20-09:40 Team 3: KAERI Jaewon Lee
09:40-10:00 | Team 4: LBNL Kunhwi Kim
10:00-10:20 Team 6: NCU/TP Shu-Hua Lai
10:20-11:00 Break
11:00-11:20 Team 7: Quintessa Alex Bond
11:20-11:40 Team 8: UPC Sebastia Olivella
11:40-12:00 Synthesis Jon Harrington
12:00-12:30 Task A Discussion Jon Harrington
12:30-13:30 Lunch
13:30-14:15 Task A Discussion (cont) Jon Harrington
14:15-14:30 Change-over for DECOVALEX Future Phase Planning Session

\




17/10/2018 (Wednesday, Day 2 AM/PM) — Stream 2

Room: Meeting Room #4

Time Topic Speaker

Task G : EDZ Evolution
Reliability, Feasibility and Significance of Measurements of Conductivity and Transmissivity of the
Rock Mass for the Understanding of the Evolution of a Repository of Spent Nuclear Fuel

08:30-08:45 | SSM welcome and update Carl-Henrik Pettersson
08:45-09:00 | Brief Overview Status Task G Tobias Meier
09:00-09:20 | Fracture Network Modelling Joel Geier
09:20-09:40 | Team 1: Seoul National University Saeha Kwon
09:40-10:00 Break

10:00-10:20 | Team 2: geomecon Tobias Meier
10:20-11:40 Discussion of results, definition of next steps All
11:40-12:30 Change-Over

12:30-13:30 Lunch

13:30-17:15 VACANT

17:15-18:00 Task Leader Meeting (Task Leads, Jens Birkholzer and Alex Bond)

Vi




17/10/2018 (Wednesday, Day 2 AM) — Stream 3

Room: Center Mark Hall 2
Time Topic Speaker
Task E : Multi-scale heater tests:

Upscaling of modelling results from small scale to one-to-one scale
08:30-08:40 Brief Introduction Darius Seyedi
08:40-09:00 Team 1: LBNL Jonny Rutqvist
09:00-09:20 Team 2: Quintessa Kate Thatcher
09:20-09:40 Team 3: UFZ/BGR Wenqing Wang
09:40-10:00 Team 4: NWMO Ruiping Guo
10:00-10:20 Break
10:20-10:40 Team 5: Andra Carlos Plua
10:40-11:00 University of Lille - “Application of phase field method Zhen Yu

to the analysis of damage evolution taking into

account THM coupling effects”
11:00-11:20 Synthesis Darius Seyedi
11:20-12:20 Task E Discussion Darius Seyedi
12:20-12:30 Change-over for DECOVALEX Future Phase Planning Session
12:30-13:30 Lunch

VI




17/10/2018 (Wednesday, Day 2 PM) — Stream 1

Room: Center Mark Hall
Time Topic Speaker
DECOVALEX Future Phase Planning Session

14:30-14:45 Introduction Jens Birkholzer

14:45-16:00 Presentation of future Task ideas Jens Birkholzer
e Agenda TBD

16:00-17:00 Discussion of proposals and further ideas Jens Birkholzer
e Agenda TBD

17:00-17:15 Summary and Way Forward Jens Birkholzer

Workshop Dinner:




18/10/2018 (Thursday, Day 3)

Room: Center Mark Hall
Time Topic Speaker
Plenary (Chaired by Jens Birkholzer / Alex Bond)

08:30-09:15 | Task A: Teams 1-9 (5 minutes per team, same order as Day 2)

09:15-09:25 | Task A Synthesis Jon Harrington

09:25-09:35 | Task A Discussion All

09:35-10:10 | Task B: Teams 1-7 (5 minutes per team, same order as Day 1)

10:10-10:20 | Task B Synthesis Bastian Graupner /
Jonny Rutqvist

10:20-10:30 | Task B Discussion All

10:30-10:45 | Task C: Teams 1-3 (5 minutes per team, same order as Day 1)

10:45-10:55 | Task C Synthesis Teruki lwatsuki

10:55-11:05 | Task C Discussion All

11:05-11:20 Break

11:20-11:40 | Task D: Teams 1-4 (5 minutes per team, same order as Day 1)

11:40-11:50 | Task D Synthesis Antonio Gens

11:50-12:00 | Task D Discussion All

12:00-12:25 | Task E: Teams 1-5 (5 minutes per team, same order as Day 2)

12:25-12:35 | Task E Synthesis Darius Seyedi

12:35-12:45 | Task E Discussion All

12:45-14:00 Lunch

14:00-14:15 | Task F: Teams 1-3 (5 minutes per team, same order as Day 1)

14:15-14:25 | Task F Synthesis Hua Shao

14:25-14:35 | Task F Discussion All

14:35-14:55 | Task G: Teams 1-4 (5 minutes per team, same order as Day 2)

14:55-15:05 | Task G Synthesis Tobias Meier

15:05-15:15 | Task G Discussion All




Room: Center Mark Hall

Time Topic Speaker
15:15-15:30 Break

Time Topic Chair

Project Administration
15:30-16:00 | Open Steering Committee Meeting Jens Birkholzer
e Agenda TBD

16:00-17:30 | Closed Steering Committee meeting Jens Birkholzer

17:30 Finish

Xl
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19/10/2018 (Friday, Day 4)

Technical Visit: KURT

Departure
07:00-10:00 Travel to Daejeon by bus

Seminar

10:00 - 10:10 Welcome speech

10:10 - 10:50 Introduction of KURT and R&D activities at KURT
10:50-11:30 In-situ Demonstration of Engineered Barrier System
(In-DEBS)

Lunch
11:30-13:00

Technical visit
13:00 - 16:00 KURT

MWCF-1
Portal L

RG-6 RG-S MWCF-2

BFhaso Il RG-
(288m)

Phase |
{255m)

Return
16:00 - 18:30 Travel to Center Mark Hotel by bus *

ol you want to go to Incheon international airport after the technical visit, you can take an airport
limousine at Daejeon. We will take you to the bus stop and it will take about 20 ~ 30 minutes. And it will
take about 3 ~ 3.5 hours from the bus stop to the airport. The fare of the limousine is about 22,000 won
(about 20 USD) and it is not included the registration fee. You can book a ticket after 20 Sep. 2018 at

the website(https://txbuse.t-money.co.kr). Unfortunately, CITI card is only available at the homepage.

Xl



