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— ~ Second International DECOVALEX Coupled Processes
Symposium

DECOVALEX (DEvelopment of COupled models and their VALidation against
EXperiments) 5 B8 5% & il e BT FEET S - B AR HHUE 2401 #4-/K-77-1E
(THMORE G (FIAVERRE - WRPAG S @ TSR R i 2P 8 - 4G T3
HH 2 U P B e B B A SN B B R S R BT R B B Rl kAT L B et
FUiRE ~ EHITERE - K8 - TG - DR A EI S 17 (ERREX - A
DECOVALEX-2023 §t&EtA 7 T 1t (Task) - HAAHH M EERE SRR EA
B wii B TR R R R nI g A AR RS S (F BT SR SRS > 2B EIR
KM FHAN IR 5 T R Er TR SR bR - B T AIESRE 0 7 A% THMC &
LR - (R EEHA R oA TR AT AR AU BGRE R S B - AT

FTEETHY 2024 45 3 HJEASE - AL 2024 45 4 HERBA DECOVALEX-2027 15 -

KRR ET = KB IE & B B £ 8 (Second International DECOVALEX
Coupled Processes Symposium) ° % — KAl B2 8 £ 2 T /& &
(DECOVALEX-2023 8" Workshop) » €75 FH IS [E55 ff i i1 5o 5820 52 B B &5 (LBNL)
BIEBR A 1 RS SRV E B RS ANDRA JE[E] F 3 Sl fotEE & 11 5 14 2
17 HNEBIFFEERRT - & TR L5 7 =UE T O H S R S g 23
ke IE 27 -
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Day 1 - Tuesday, 14 November

Day 2 - Wednesday, 15 November

8:45-9:00 Welcome
. i Overview of Andra's R&D Program 815045 Track A: Session 1 (4 presentations) - Clay Il
9:00-9:30 Stéphan Schumacher, Andra, France Track B: Session 2 (4 presentations) - Emerging Il
- ) ) 9:30:10:30 Track A: Session 3 (4 presentations) - EBS II
9:30-10:15 ll(}ey.lnote-t‘ll. Zroftehss:) FKsBeR i, Seait National ' ' Track B: Session 4 (4 presentations) - Emerging IIl
niversity, South Korea
10:15-10:45 Break 10:30-11:00 Break
5 Track A: Session 1 (6 presentations) - Crystalline
10:45-12:30 Plenary oral session: DECOVALEX 11:00-12:30
= ! Track B: Session 2 (6 presentations) - PA
12:30-13:30 Lunch 12:30-13:30 Lunch
A OAAS Track A: Session 1 (5 presentations) - Clay | 13:30-14:15 Keynote' 2 Professor Antonio Gens, University of
i ’ Track B: Session 2 (5 presentations) - Salt Catalonia, Spain
Track A: Session 3 (4 presentations) - EBS | Plenary oral session: Coupled Processes Across
12002600 Track B: Session 4 (4 presentations) - Emerging | 143130 Scales
15:30-16:00 Break
e Hastensesson . Panel discussion: What is the Value of
St International Collaboration?
17:00-17:15 Closing remarks

30
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(—) g#E—K

FF N T ¥#)7 ANDRA i NEER=AVACHE Patrice Torres it » #EH
ANDRA [y Stéphan Schumacher #1778z » £ " Overview of Andra’s R&D
Program — Is R&D Still Needed Once the Construction License Application Has Been
Submitted? ;- JEBTLY 2023 4 1 H 16 HHEE S BUE BESHTEET ] - FHE5EE
SRS A Z ANDRA 875 30 FEAYRHAE R » H & BE A A K S22
TARESETE A S 2 2R o ISR EBIR IS/ BRGNS - B &
&5 (Clay) Wy 5 g i R e B R 32 tRG B SRR L B R A R 1 -
ANDRA R BH A 3 S FEE {2 18 FE 24T R&D LA » B T LA Rl B A s
HIEAL ~ WECR T #% Cigéo HYE LI (B & 2 BAR) - FAS RN T 2% - ANDRA
AT RIS A - A e A S i R R i B AT RE S AR AR 52 WA E B
15 UG AERRRHE 2 8 BT B I A [ 22 [ R ] R B s by e
AR o ANDRA W AEA [P B e TR B iy sa TEARR S - B &R ke LAY T -

FEEEYREET  BEIESE W T E R TR E RS - (B 28)

(S & T Coupled Processes in Fractured Rock for Deep Geothemical
Energy (EGS) and Less Deep Geological Repositories | » FHFEEIHIZ A0 JJEEHS
Ki-Bok Min {#+-E(F5% - HulHls s gy E T30 - H Rt Zhee TR
JE R B W S ARG o 1R 72 AR T BAEE TR Y R A 2 I
5000 A RUZE - ZeHE BRI R T 300 24 KZE 1000 243 K% - S5 (0 A B EE TR
HY 5 =R BRI N BBV A (E A (B AR T AT e B3t 7 RIZEER I B 58 T
2 &t (Enhanced Geothermal System, EGS) » % &4t M8 /2 7 AZIHL N HYHY
B (R ARYA/KR U NEVETR - FRFE AT - Ki-Bok Min i+
= BEGS 24y TRE s © SRCRIVEHRM ~ H N ROoRIRE ~ AT
ACEATEAL ~ TR RE SR B S - HEl R VHEHG B R e e E KRR 2
& BRAEPE-TIREEEHNTE -
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PEEHIRE £ Jens Birkholzer ¥f DECOVALEX #E{THEAG AV T2 B (8
29) > ETEH 1992 FBils > B¥IT 30 ZE - & VIREETEAVFEA FE R
R8RS F R HYREAS o] A 2GR Y E Ry 2 2= (8 30) - fES st
FEEYIRE T - TR A E 2R PR g EEMa e BBt
[E R B Basca T BB ER A > ] AL A EIR AT TR B ERET » MRS R e B
et MERE B 2 » EIERRISE 8% - HH DECOVALEX-2023 Zh5tat &R L FF
A G TEBBILE R - B T Task G YA » Hbh N SR HIE R
r

1. Task B - Quantitative Treatment of Gas in Clay-Based Repository Systems:

From Small-scale Laboratory Experiments to the Field

AWt7EETE EEFESREEN TR T HIRENT R - R ERE T

Ae RS I BIReT ~ U TEREEY =S ROKR B AR 2 (F
rEd - ERRRSAERR > GEIET TEEE SR ST > NI T
SR B Y A BURS Bl S e B e it M AE Y H o — TR - At
Fe XTIy Ry =P EEH BEMGE Ry otz 55— PEECHErT MX-
80 o B - B EniIRRE MY — SRR Bl 55 IR R B =M R E
HERBIR B TR ISR T BArAISESR - (& 31)

2. Task A - Investigating Fracturing Processes in Claystone for High-Level and

Intermediate-Level Radioactive Waste Disposal

A H A S R T BE Y in B 500 By Cigéo > HaMERyes -
LL Callovo-Oxfordian(Cox)%i i Fyé& EHHkL » HEFEHRZIER - 5
RS G AR > AIRE G ISR Cox EISHRETTE - HEMAEET
FLBS/KBRRYT IS, 11 <2 a6 el e A P H Rl RE B B R AR A A
BT Ry o HUETR A I Re S B B A S0 R AR - Rt T



fE(E R T DU B e B s s TR L - At £ %A = (H
AR (DS EFRMESHRA ¢ (2)82 : SRR EAIRITE © 3)S3 © &
Bt REAVIERIER] - AP s 1T 8B L P BT R ISR SR A
AN BEIET AR TIRIEAE - (B 32)

. Task E - Brine Availability Test in Salt (BATS)

AWFEatE T ZEHAY R T R /KE R A8n B =8 33) - EhaEh
FEEHY Waste Isolation Pilot Plant (WIPP) » &:{Es/NaH ¥ EE = = 2% -

BIRE SR 2R (EDOIRE » WHRREKERENR -

. Task C — Modelling THM Coupled Effects around a Full-Scale Heater

Experiment: Model Development, Calibration and Prediction

KW5eE1E X AE FE 2 5i(The Full-Scale Emplacement Experiment) > 7
N EER AL 5 1AY Monti Terri » BER I LR B R bR B F 1:1 B2iE
MR » 3% 8 B R e S O M RE IRV E- /K-SR & fE A - FE &
BN EE— P EL Ry AL 28 AL > H I Ry ORI - FLBSUK BRELAH RS
VS 5 55 PR B RIE HAS BRI - S h0 A ST e B U AT -

B TN = IR0 2 RUE B BR KT RYE(BAEAE - (8 34)

. Task D — Numerical Simulation of Coupled THM Behavior of Full-scale

EBS in Backfilled Experimental Gallery, Horonobe, Japan

AWt gEat Ry H AR AE (Horonobe) i~ B i i 07 TAZIREEE T R - s
BN E B EDE N L TR R A S E R AL ER T2 HE - HE
B H Y R PRa TR R 2 BB K- T E BB b 2 - i B M
T TEERE 2GS REER 25— T S MBS - e S s

BT SIEE( > BElE  PHAE ~ FLBEKE - HEE - &/KE -
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ISR - AW B — PR HVUEE = REH )/ NEEa Ry
b srHlBERES - BHHERESR  2EEREUK T ERGEER - 45
F SR — P BRI BRE IR i (B ¢ 55 D BRAI R mialt 2 SR RUEE i
TER - BRI R T ERERHT 350 ARG - TR
PRELETINFAES ~ SREARL ~ RIS O SEae RERE) ~ B et ~ 70
At EIIEE > Wik B /K RSB EIEATREEK - B AL /KR
€77 &KE - IR ERREFEL > NIEE T TEFREEZD =
THEL BRI A AR TAYT EETEE - (B 35 ~ [ 36)

6. Task F — Overview on Comparative Performance Assessment Modeling

AHFEETE Y F1 R A S B R R T RE R e b b 7 Bl 3t

[FERIT 2 E o HHA RIS &S bta LR S i s MRy 20 4
aHERET] - #0 By F1-&Gka K F2-BaMiTElT 7 » HErmie i
TERIH ~ TEERE I SRR AR - F1 SRR BIEE —
PES B Ry (A R B KOS A s - SR B ERAIIR KBS-3V |
5T 0 HEFT 2500 {EpR B AL - S - SRS - SRl R EHEEA RIS H K
B fE > Hoor RyfRREhE R /KOm AR L RS e KA AE (i 515 -
MR EAR HEF T I -

&G54 DECOVALEX £ a8 (L2 BLE R VU EAHY LS T BpIR » 2Bkt
FLER R EH AR R SR S T A IRE 2R TR A RE R A B B B e
FAR OS2 ETse s bIERERFL YRS D BUE (LREAURT I E R - YA
G LR S U B R SR e e 3 T ARy R ie B S e R 2
BREEE » W LAy s TREHRER A » DU T sk B A A A% TR R A8 e LA R

L -
1. Thermal Management in Deep Geological Nuclear Waste Disposal Using
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Engineered High-heat Conduction Bentonite

AHHFFEH Lawrence Berkeley National Laboratory (3 Jonny Rutqvist 77T
R I s BT R PRET o S AV S T Rt B R B TE T -

FAERET e AVEERY 1+ T KR RSB E AR AR - B
IR B P A REA T BE  LE 1824 -

. Multiscale Simulation of THMC Couplings in Bentonite Clay Using a Soft

Matter Physics Framework

K5 Princeton KE2HY lan Bourg #Ef TR HETEA @ 8495 RRaT iy
B L BIK-TAT R - SAERISE T DUR M BRERE AV e ST R
B EREA(E 37) - HATERR IR E 7] DU R REE A L A
JUEN ~ BRI - EEd 2 RIRVRR S TT Ry HER 8 T8 /15 (new

all-atom molecular dynamics, MD)f5f5E /K B ZZ R = T I /E FF% ] -
. Evaluating Hydraulic, Mechanical and Chemical Fracture Apertures

AHF52 2835 Karlsruhe Institute of Technology £ Philipp Blum - 724
1= LT TR BE SIS AL o (o FH B A5 4gis (Discrete fracture
networks, DFN) » 3fi (5 B PR A R P2 DR RS Y BB R A E 1Y B S
175 B AR i A SRS E EEAYRASRE . — - ABFFEEEH 26 fH
R B B B8 E T A EAE I YK ~ T RAKESE - HE
EaprE I B E E R R AR - BlER - BHHwiasS - Ak
=T ERES T A E K 1B BB A R LA » AR It &
G 28 (TR AT AR HEAE 7K T AL » H R SRR DL B R 8{E
J77A AT DURE ISR T ARSRBR LSRN » A T 42 = 3 3B B o
AEH S AR YRR o
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AR LR LREN Y PO BB S RAIENT SRR, - Bl R
AHERE AR o LA T gk LA B BT Fe BRI -

@[U
>«‘¢%
“

1. Value of Abstraction in Performance Assessment- When is a Higher Level

of Detail Necessary?

AT FEHIBTFEENREE IR T 1 BE BRI R I 2 o /R
B HZRBIRIERAT D OriF R - IR A E R S R
#ilE - HREE I EMEAYRFE AR - ER e E AR S &
Pt LI S e Smy B RG A 12 AR [F] B 0 B AR PR (AT s RE R P RS 1 DL R
PRETEEAEEER - B ARIRERANIELE - B HE RIURE R EEA
R > R ZERAVIRA > KBRS N AL - AR E I — DT FT LAEE
ISP R EAEEAEER -

E

Ul

2. Coupled Ionic Chemical Diffusion in Bentonite

DAE A BEAZ R A T R e 2 o 5 B — WA i - T IRl Y
MEEE - BTN R R T SRR IR — AR e — M e

H

3. Modelling of nuclide transport in fracture rock: effect of fracture

distribution, reactive tracer, injection strategy

s[5 TREBHERT (KAERID) IEBRS—E Al HIE RIS TR RS
TR EHIRFE 280 > ERE Ry T IS JE T B AL (S - Pl
il DECOVALEX-2023 Task F » DRSS aFAEHABIAY AL © ABHFTH#ET
TR 2L R AR B > 5% ZE B Task F AYEF (L Sandia %
B SRR VURIE E A0 - 4 TR R S BB [ EAE R —

[ o AR BRI - R I A (DR AREER] - By Ry ORerAYEIE
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PRFEL > FiE AR PR E Y - BB 5 58 TR B EEsE -

. Characterization and Utilization of Buffer Material for the Engineered

Barrier System at Horonobe URL: Parameter Identification and Application

AFFEETAL BB R B - A B /K- T8 BT By & H A JAEA HYEER
g - EATEEMIRIERES - IR E HAIREN N ERE - iHIEE
BrfsiEtEs s T ELRIf#EF COMSOL Multiphysics o BHFZC{# FIHY4EER R
ARy TO%RE £ R 30%;/) > 55 /KSR Ry BEAR T 7 ERAEE4 F|
Fo D ZEFEANEA > VAR FIFLIR M EBYE - SIS
PRELIE ML o ECRBEASSLEL JAEA (B ERAE TS BRI 5 45

FAEEVIG -
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OVERVIEW OF ANDRA’S R&D PROGRAM
IS R&D STILL NEEDED ONCE THE
CONSTRUCTION LICENSE APPLICATION HAS

BEEN SUBMITTED?

28 @ Stéphan Schumacher 7t EELHE R&D #1)0

Overview of the International DECOVALEX Initiative:

Building Confidence Via Model Comparison

Jens Birkholzer
Chalr, DECOVALEX Initiative

erzy Geosciences Division, Lawrence Berkeley National Laboratary, USA

2! DECOVALEX Coupled Processes Symposium, Troyes, November 14-16, 2023
2™ DECOVAL uple

29 . K& F & Jens Birkholzer fifi#i75H DECOVALEX 513
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D
ECOVALEX Emphasis from 1992 Till Now

Initial focus: Coy
: Coupled WM
Coupled HM and THM Processes In !

Added Emphasis on Claystone
and Bentonite Behavior

First Full-Scale THM
Experiments in URLs

\ & o
o R S
& o° o of

> s o
oY oV
3 g &
4 o »
o o
1994 1999 2003 2007 2011 2819

30 : DECOVALEX :1&E#85nlEE

J.F. HARRINGTON, E. TAMAYO-MAS, I.P. DAMIANS, J.T. KIM, E. RADEISEN, J. RUTQVIST, Y. WANG

Quantitative treatment of gas in clay-based
repository systems: from small-scale /& ez,

laboratory experiments to the field S

31 : DECOVALEX-2023 Task B =357 A 1 T#EAE R EH
39



':?;:stigating Fracturing Processes in Claystone for

-Level and Intermediate-Level Radioactive Waste
Disposal

Plua, Vu, Armand, de La Vaissiére, Wang, Radeisen, Shao,
Ouraga, Yu, Shao, Sasaki, Yoon, Rutqvist, Song, Olivella,
Rodriguez-Dono, Gens, Thatcher, Bruffell, Bond

COVALEX

SYMPOSIUM

32 : DECOVALEX-2023 Task A 57 AT 8Ae 0 0H

Brine Availability Test in Salt (DECOVALEX-2023 Task E)

Kristopher L. Kuhiman

DECOVALEX-2023 Symposium Sandia National Laboratories
Tuesday, 14 Noverber 2023

Troyes, France
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Modelling THM Coupled Effects around
a Full-Scale Heater Experiment:

Model Development, Calibration & Prediction

14 November 2023

Bastian Graupner!, Kate Thatcher?, Rebecca Newson® Michael Pitz
Thiedau®, Sonja Kaiser*, Thomas Nagel*, Luca Urpi5, Peng-Zhi Pan®, Wenbo
Hou®, Larissa Friedenberg?, Taehyun Kimé, Chan-Hee Park®, Changsoo
Lee?, Jonny Rutqvist'®, Ruiping Guo'!. Teklu Hadgu'2, Edward N

ENSI, Quintessa BGR, TU BAF Freiberg CSD, CAS, GRS, KAERI KIGAM, LBNL, NWM

fcéwfg Troyes, France

Numerical simulation of coupled THM
behavior of full-scale EBS in backfilled
experimental gallery, Horonobe, Japan

November 14, 2023
Plenary Session: The DECOVALEX initiative

Yutaka Sugita, Hirokazu Ohno, Steffen Beese, Pengzhi Pan,
Minseop Kim, Changsoo Lee, Carlos Jove-Colon,
Carlos M Lopez and Suu-yan Liang

r TN

BGR , @ @ENERGY ()

T A

e
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Backfill block
(mixed 40% bentonite
& 60% excavated soil)

Concrete plug
(low alkaline cement)

On-site
compacted
-2M  packfill

Buffer material
(mixed 70% bentonite
& 30% silica sand)

Simulated overpack
(carbon steel; heater inside)

Heating
Data acquisition device

36 © MRAEH T BB E TARREE AU E E

a v .9 "'1
m&‘t‘m‘mq YL a8
8.8 . »

RO e
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(=) g#FE K
BT IR AR AR B B W ACE A BB IT 2 S » B h022 S e B i B A e f
By R H EIE R - (R DL TR R BRI AE S KRV BVK R & T - B
Rk R

1. Lessons Learned from Geomechanical in Situ Testing of Fault Reactivation

Processes in Opalinus Clay

7 e A SR 2 B e B R 5 B ] RE S R T S BB 2 A I

AW R AN R U R RS Y= B ENE BN BT B el A=Ay
SRAS A REE R RS T =R B T T BEs BE B R AS B AR
IR Z A UBS/KBRRISE IO > AT LAWT e B i 2 R HL AL BsU/KBE R 0
IR E - AUt HUEERt B B Y Mont Terri 3 N &
B BEWRZ e SRR S o AT DIEHIRESE - HRE
L~ BT LISOKER ~ IR o sl RE B EEIRE T
SAEHE > RIHAE Tt E S SRR ER) - B — I T
IR - RAEIER T B2 STURE m] 5 S R B3 - H AT IEAEIIEN Mont
Terri (YEPE SR EETEHVIREN: - HalBRATe2IREHE TR
ZEDIfeRtET o TRHE R -

2

2. Modelling Thermally Induced Slip of Rock Fracture System: Comparison
of Two Modelling Approaches- Bonded-Particles Based vs. Rigid-Blocks

Based

AWTFEHRTFEENAK 5 Y DECOVALEX-2023 Task G » 45T & H HHVH
B PR FIPVERCEEEHIGIETS » NI PRETE B T AR i 4%
B HEREERBAMELEE - BB ST RIS
ES AV BUE AR th ey ARIH 2 2 R PERERTAS » ATFELARIH A5 (3DEC
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B PFC3D) - 5Fli¢E REURIR B EPAR 100 FElkpRi e ROREZTT
AT 50°C) - MEBEET S P e B R ARy 78 R > H Ry a] 2
AR - (8 38)

. Hydro-Mechanical Modelling of Bentonite Homogenisation

H Ri7K 78 A A A 25 BURIEE BONE & Rt - HAEBUE E S8Rk
BEACON(Bentonite Engineered Barrier Mechanical Evolution Effects on
the Long-term Performance of the Barrier)dystERIE H - 2% st B (o FH g
FEBEX(Full-scale Engineered Barrier Experiment)s |25 AH 518 1 1 i
17 BRI E s F /KR e s R R - HOR &Ry 0.07cm/h > FELEEIR
HEF COMSOL NG EH fJ-/KAY 58 &8 & - BECON HETT BLifi R4
SIS IE LS R % - HEL S /K SEREEAHRE - [BIRREE & 25
A LERMEIR S EE o BET2E RS RS S (Roller
Boundary) » DAFPAt 75 23 BE B B 1Ak R R R 52 8 SR TRUHIAY
AR B TP RE Bl R IR RSB Y /K R A 2 ] 7 A VAT R )

. Long-term Thermoshearing of Rock Fracture in an HLW Repository, Can it

be Reproduced in Laboratory Experiments?

H AT pa B SR 2 IR - SRR g =
BTG TARIREEE 2 BRI R AMREE 241 - N e BT Y]
TR PSR B RGN - P AT sl i A 2R E e S
HEITIOE > WEER BT BB R > Wi —PEmmas [ 2rah

FIRAIREHYZ BT - FIR I TEa b et B e B S AR 2 2
. Fully Coupled THMC Interactions in Bentonite Engineered Barrier Systems

A ZE LUt 4 RS TARIREE 48 FEBEX BT HAR » slinf s
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MR ~ MHENRE ~ KEET] - RIENESMIE - EERETRKIE
R EE e KE - HEES U &R K- TI-b > WETEMET R
{58 FHHY#EG B HYDROGEOCHEM 5.3 » (A FEATRMU &2 B 1 ~ R
sELEIERACR S o /KITHEBIEE RN ~ DR R - 2E
AR ERE A - AWT7ES BV U A FY LR TR - o Ea+
HAEKAHEE & R HE ~ TRy B A S e ~ —HigE T SC A S e X
FER G & S8 > LA DU+ AR LER RS E B BE R RIS - A
WHFEHY H B Ry 5e % T 8 TREMREE 28 T AR A VIR T Ry B S AR -
{EEE PR B PP A S - (8] 39)

ELRE S04y HY Technical University of Catalonia /Y Antonio Gens 271" On
the HM and THM Behavior of Argillaceous Rocks | R » SRR MR H R s =
U RSVt B R BV RS A IR RS © (RBER - WA E i B EE T
BIIRE ~ AR RAOIHEE - —EIE Y E £ RE T (self-sealing capacity) ¥ -
PNA DL (B  (BATA —LeiES - R a a0 AT AR R RS
SIS SRS LR DB R - ERET S - FLR/KE R rT e g
RS R AE R AR T BB Py R 5098 » B LUe a0y B
e O] RE T ERAY R -

AR BT EIREE ARk ANDRA E ¥ 7 Bh 22 HEH B == RS B
507 > Wi /A B i B RS A8 FH R PT35S 77 - m R R EUR AR Ay 2R &
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38 : Jeoung Seok Yoon B e &= E bl

nal DECOVAI EY ©
3l DECOVALEX Symposium on Coupled Process

aste Disposal and Subsurface Engineering Applications

Fully Coupled THMC
Interactions in Bentonite
Engineered Barrier Systems

4 Technology Research Institute for DE-Carbonization (STRIDE-C), National
Taiwan University, Taiwan

Wei Kuo', Wan-Jung Kuo

39 FoJ7EIB IHE H b ST R
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(=) g#5E=
SR % — K BIJE/AN B R T DECOVALEX-2023 Final Workshop | > FH
DECOVALEX-2023 51852 BlE T TAEEH » Sl S EEHSIE B ETHE
S o BEAENAEHETE TS BEWIETSETE » & | Task D-H AIREN N E 5
= TAZ[EBEE NG | f " Task F1-45 58220 FAThE | - REOTEIRER 57
&R S A TR R RS Rk & BRI B R & i

GEOMECHANICS FOR ENERGY AND THE EMVIROMENT HAFIEIAHRE N2 ©

s (g — (RIS HEHG R (EFE S HESES I aEAFH
PIRRAE P RAMIET HEHFE - & PRS2 8 T #5T3 DECOVALEX

2027 EJFE -
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B~ B

A 2R b BE A B 22 )1 EURAD 2 N A £ i1 Second International

DECOVALEX Coupled Processes Symposium » /[ MS40 |

— ~ EURAD #y X 8l[% B B B R 2 pl S (EARRE & ek e B Bl i 55

SHfET o Gak TRVt R R A BIR R AR R - RAT
i n] s L PR B AR R SRR - HdfE Bl 2 e SR % V) 4 8
BRSO o IR BB B PR R Z RE L -

— ~ DECOVALEX it& 2 2 BE B & S BIE T BT 7o - A2 H
ARRERE MERGASRE - DESEROTATR 228 6%

HSBIAIEGET S - bR 7 e UL SRR EBRERIL > TREE S

WSt R R 7 SRVAERE T B S B BT Bl s e 4By >
HEAR T EIRAIATRE ST - W b & i B s SRy A (S -

=~ HAr AP H R KA - i B 2 SRS T AE I
HIFFELETT - DECOVALEX gt &g it B nlpH A R S UHI e
{50 25 [ B B i Ry e Y — SR T Ry B 5% EUAR - RS R iR £
BEBREEKY « ARG RERES2EN R - FIHMESEER
Gl ERHEMR 28 B BRI ES -

VU~ BB TR S R L RO R S - HmEit EERERF > mEM
BRI Y PR R EZ R H e A N TTIRRIERGR - BR TR
[ P AR B+ B R SO DRI - BRREREE 1 fif e SRR o R e
R PR R S 2 S > RINEEE MR R A\ RSB A H#%
NIFHEER - RREREALBIRS S SRR IR ELE
EEEREFEE -
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ARTGELEERRF SO AR S NG s Z AHR R AT
* FHAERZ T AR A i B AT TR B KHE ZOR s, > BRI 2 ISR &
TRV ZUET T ST a8 e - i PR B R ot 22 B AR R B PR Rt 1 28

Ewalrats AR R AT - HdfE bk 7 alE

B S TR IR B R B2 RE R -

= FBZ TR RS R BB BRI R % - A ESEE RS
JREFTE 0 PRk P B S BRSO IR 2 2l B R
PR R ECERE DA RII RS - T RE S B HE 50 TR
HY 5 BhEATR RIEFFER AR IR BUEERTE > o)
TR FE N B R E S 8 ) H ¥ BB R A B A A e &I
AGTEZT B B E R > TR EREGEE -
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BE ~ Fifsk
Fff$% | ~ DECOVALEX Symposium & 5512

Second International DECOVALEX Coupled Processes Symposium

Symposium Agenda

Tuesday November 14, 2023

Welcome, Opening Ceremony and Andra Keynote (Chair: Jens Birkholzer)

Location: Auditorium
2:00am Arrival and Registration with Coffee
Welcome
Patrice Torres, Andra Industrial and URL Operations Director
Safety and Logistics
Gilles Armand, Andra, France
Keynote: Overview of Andra's R&D Program - Is R&D Still Needed Once the Construction License
9:00 am Application Has Been Submitted?
Stéphan Schumacher, Andra, France
Keynote (Chair: Gilles Armand)

Location: Auditorium
Keynote: Coupled Processes in Fractured Rock for Deep Geothermal Energy and Less Deep Geological
%30 am Repositories
Ki-Bok Min, Seowl National University, South Koreg
10:15 am Coffee Break (30 minutes) - Location: Espace Champagne

Plenary Session: The DECOVALEX Initiative (Chair: Alex Bond)

Location: Auditorium
Owverview of the DECOVALEX Initiative
Jens Birkholzer, DECOVALEX Chair, Lawrence Berkeley National Laborotory, USA
Quantitative Treatment of Gas in Clay-Based Repository Systems: From Small-scale Laboratory
11.00 am Experiments to the Field
Jon Harrington, British Gealogical Sunvey, United Kingdom
Investigating Fracturing Processes in Claystone for High-Level and Intermediate-Level Radioactive Waste
11:15am Disposal
Carlos Plia, Andra, France
Brine fAvailability Testin Salt (BATS)
Kristopher Kuhlman, Sandio National! Lobaratories, USA
Modelling THM Coupled Effects around a Full-Scale Heater Experiment: Model Development, Calibration
11:45 am and Prediction
Bastian Graugner, ENSI, Switzerland
Numerical Simulation of Coupled THM Behavior of Full-scale EBS in Backfilled Experimental Gallery,
12:00 pm Horanobe, Japan
Yutaka Sugita, Jopan Atomic Energy Agency, Japan
Overview on Camparative Performance Assessment Modeling
Tara LaForce & Paul Moriner, Sondio Nationa! Loboratories, USA
12:30 pm Lunch Break (1 hour) - Location: Espace Champagne
ession Track A: Coupled Processes in Clay Rock | (Chair: Bastian Graupner)

&:45am

10:45 am

11:30am

12:15 pm

Location: Auditorium

Coupled Processes at Clay Mineral Surfaces: At the Crossroads between Mineralogy, Geochemistry, and
1:30 pm Geophysics

Christophe Tournassat {University of Orléans / Lawrence Berkeley Laboratory, France/USA), C. Steefel
Thermal Management in Deep Geological Nuclear Waste Disposal Using Engineerad High-heat

1:45 pim Conduction Bentonite

Jonny Rutqvist (Lowrence Berkeley National Laboratory, USA)

Modelling Gas Flow in Damage-Susceptible Argillaceous Rocks

200 prm Son Nguyen (Canodian Muclear Safety Commission, Canadal, M. Sentis, B. Graupner, P. Schidle, R. Cuss, 1.
Harringron
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Effect of the Temperature on the THM Behaviour of the Callovo-Oxfordian Claystone; Constitutive Model

215pm Mountaka Souley (ineris, France), C. De Lesquen, M.N. Vu, G. Armand
Modeling the Self-Sealing Effect on the Hydro-Mechanical Behavior of Fractured Claystone: An EFEM
2:30 pm Modeling Approach

Yue Sun (University of Lille, France), J.-B. Colliat, J. Shao

2:45 pm

Stretch Break [15 minutes
Session Track B: Coupled Processes in Salt Rock (Chair: Kris Kuhlman)

Location: Salle Temple 1 + 2
Crushed Salt Compaction: Impact on Thermo-Hydro-Mechanical Response in Nuclear Waste Repositories

1:30 pm Hafssa Tounsi (Lawrence Berkeley National Labaratory, USA), J. Rutquist, M. Hu
Experimental Investigation of Hydrogen Infiltration into Rock Salt

145 pm Laura Blanco-Martin {(Mines Paris, PSL University, France), a. Rouabhi, M. Abusisha, J.A. Jiménez-Camargo, F.
Hadj-Hassen, J. Jaworowics

2:00 pm Modelling Brine Availability in Heated Salt: As Simply as Possible, As Complex as Necessary
Claire Watson [Quintessa Lid,, United Kingdom), 5, Benbow, A, Bond, 5. Norris, 5, Parsons
Using Stable Isotopes in Water to Trace Brine Mobilization at the Waste Isolation Pilot Plant

2:15 pm Philip Stauffer [Los Alamas National Laboratary, USA), D. Eldridge, H. Miller, T. Rahn, E. Guiltinan, 5. Otta, K.
Kuhlman

230 pm Geophysical Insights of the Coupled Thermal-Hydro-Mechanical Processes during Heating in Salt

Yuxin Wu (Lawrence Berkeley National Loboratory, USA), J. Wang. H. Chen, L. Lug, 5. Otlo, K. Kuhlman

3400 pm

Stretch Break (15 minutes
Session Track A: Coupled Processes in Engineered Barrier Systems |

(Chair: Anne-Catherine Dieudonne)
Location: Auditorium
Creep Behaviour of Bentonite-Sand Mixture Subject to High Suctions Changing
Tomayoshi Nishimura (Ashikaga University, Japan), |. Shabrour, H, Blan

Multiscale Simulation of THMC Couplings in Bentonite Clay Using a Soft Matter Physics Framework

315 pm lan Bourg, Princaton University, USA
Coupled Hydro-Chemical-Mechanical Simulations of an Engineered Concrete Barrier in a Deep Geological
330 pm Repaﬁltqry far h{uclear Waste .
Sebastian Ganzdlez Fuentes (Spanish National Research Council (CSIC), Spain), M. Dente, J.M. Soler, M,
Mallaali, v. Mantaya, V. Vilarrasa
3:45 pm Stretch Break (15 minutes)

Poster Session (see poster lineup on pages 6-8)

Session Track B: Emerging Experimental and Computational Methods Across Geo-Applications |

(Chair: Christophe Tournassat)
Location: Salle Temple 1 + 2
Derivation of THM Interactions from a Micro-Scale Perspective

%00pm Gary Couples (Heriot-Watt University, United Kingdam)
Evaluating Hydraulic, Mechanical and Chemical Fracture Apertures
315 pm Philipp Blum (Karlsruhe Institute of Technology (KIT), Germany), 5. Hale, M, Fuchs, T, Kling, F, Wendler, D,
Jagggi, L. Pastweka
Characterizing a Rock Fracture Aperture’s Spatial Continuity and its Effect on the Upscaled Distribution in
330 pm Finite Element Mathod Meshes
Goncalo Cunha (University of Edinburgh, United Kingelam), C, McDermott
3:45 pm Stretch Break (15 minutes)
400 pm Poster Session (see poster lineup on pages &-8)

Banquet Dinner

7:30 pm

Hatel de Ville de Troyes - Salle des Fétes
Alexander Square Israel, BP 767, 10000 Troyes
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Wednesday November 15, 2023

Session Track A: Coupled Processes in Clay Rock Il (Chair: Jianfu Shao)

Location: Auditorium
CIGEO Radioactive Waste Disposal Project - Thermomechanical Analysis of an ILW Storage Tunnel
Marco Camusso (Itasca Consultants SAS, France), M.N.Vu
Influence of Rapid Heating on Porewater Pressurisation in Opalinus Clay and Callovo-Oxfordian
8:30 am Claystone
Jon Harrington (British Geological Survey, United Kingdom), £ Tamayo-Mas, A.C. Wiseall
3-D Numerical Simulation of Structurally-Controlled Damage and Failure around an Opening in Faulted
8:45 am Opalinus Clay Shale at the Mont Terri Rock Laboratory
Martin Ziegler (ETH Zurich, Switzerlond), C. Zhoo, Q. Lel, 5. Losw
900 am Lessons Leamned from Geomechanical In Situ Testing of Fault Reactivation Processes in Opalinus Clay
> Jens Birkholzer (Lawrence Berkeley National Loboratory, USA), Y. Guglielmi, C. Nussbaum
9:15 Stretch Break (15 minutes

815 am

U d O 5 - DL€
Gas Breakthrough and Migration across a Water-Saturated Compacted Bentonite Layer through Interface
Instability
Yifeng Wang (Sandia National Labaratories, USA), T. Hadgu, K. Kuhlman, C. Jové-Coldn, B. Faybishenko, J
Harrington, E. Tamayo-Mas
Studying Water Infiltration on Bentonite/Sand Blocks with MRI and X-Ray uCT Techniques
830 am Pablo Eizoguirre [Andra / Navier Laboratory, France), AM. Tang, M. Bomert, B. Maillet, P. Aimedieu, R. Sidi-
Boulenouar, J.E Gil, 8, Chabot, J. Talandier, JM. Persira, P, Dangla, M.N. Vu
Laboratory Observations of Reactivation of a Critically-Stressed Smooth Fracture in Granite Subjected to
Short- and Relatively Long-Duration Heating
Changlun Sun (Korea Institute of Civil Engineering and Building Technology, South Korea), L Zhuang, 1.5
Yoon, K.E. Min
Modelling Thermally Induced Slip of Rock Fracture System: Comparison of Two Modelling Approaches -
9:00 am Bonded-Particles Based vs. Rigid-Blocks Based
Jeoung Seok Yoon (DynaFrax UG, Germony), C M. Petterson, 5.G. Hyun
915 Stretch Break (15 minutes

0 oupled Pro pineered B

8:15 am

8:45 am

The KOMPASS Projects - Investigations on Crushed Salt Compaction Processes

Larisso Friedenberg (Gesellschaft fiir Anlogen- und Reaktorsicherheit, Germany), J.Bean, J. Bartol, J.8.

9:30 am Coulibaly, 0. Czaikowski, H_P. De Bresser, U. Dusterioh, S. Hangx, A K. Gartzke, B. Laurich, C. Lerch, S. Lerche, W. Liu, C
Lideling, MM, Nills, N, Miller-Hoeppe, T. Popp, 0. Rabbel, N, Rahmig, B. Reediunn, C, Ralke, N. Saruuibayar, C.J
Spiers, K. Svennson, J. Theedauy, B. Van Oosterhout, K. Zemke

THM-Code Benchmarking in the Mont Terri FE-Modelling Task Force

9:45 am Andres Alcolea (HydroGeoModels, Switzerfand), 1. Buchwald, | Damians, S. Finsterle, A Gens, L Laloui, A
Madaschi, P. Marschall, S. Olivella, R. Schneeberger, H. Shao, W. Wang M. Wojnarowicz

Damage Behaviour of Callovo-Oxfordian Claystone Under Triaxial Loading

Hoo Wang (Ecole des Ponts ParisTech, France), YJ. Cui, MN. Vu, J. Talandier

Hydro-Mechanical Modelling of Bentonite Homogenisation

ey Peter Eriksson (SKB, Sweden)

10:30 am Coffee Break (30 min ~ Location:

10:00 am

Development of CASRock for Modeling of Multiple Fractures Interactions in Hard Rock under Hydro-
9:30 am Mechanical Conditions
Peng-Zhi Pan (Chinese Academy of Sciences, China), W. Hou, Z. Wang
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945 am

Machine Learning for the Optimization of THM Simulations of Nuclear Waste Repositories
Aldo Madaschi (Mesol - Numerical Engineering Solutions, Switzerlond), M. Wojnarovice

10:00 am

TOUGH+ V2.0 with the TracerGasBrine V1.0 Option: A Code for the Simulation of Multiphase Transport of
Solute and/or Gaseous Radioactive/Contaminant Tracers in Gas-Bearing Geologic Media

George J. Moridis (Texas AEM University and Lowrence Berkeley Notional Labaratory, USAJ, M. Sentis, B,
Graugner, P. Schade, A Rinaldi

10:15 am

Numerical Analysis of Irreversible Compaction and Sealing Integrity Caused by Thermo-Hydro-
Elastoplastic Responses during CO: Injection into a Depleted Gas Reservoir
¥ing Xin (Seoul National University, South Korea), H. Yoo, K_B. Min, J. Rutqvist

10:30 am

ssion Track A: Coupled Processes in Crystallme Rock (Chair: Adriana Palusny)

Location: Auditorium

11:00 am

A Model for the Thermo-Mechanical Beh aviour of Rock Joints
Son Nguyen [Canadion Nudlear Safety Commission, Canada)

11:15 am

A Simplified Discrete Fracture Network Model for Shearing of Intersecting Fractures
Mengsu Hu (Lawrence Berkeley Nationol Laboratory, USA), J. Yoon, T. Sasaki, H. Liu, Z. Wang, J. Rutqvist, O
Kolditz, J. Birkholzer

11:30 am

Long-term Thermoshearing of Rock Fracture in an HLW Repository, Can it be Reproduced in Laboratory
Experiments?

Li Zhuwang (Korea Institute of Civil Engineering and Building Technology, South Koreg), €. Sun, D). Youn, J.5.
Yoon, KB Min

Influence of Thermo Hydro and Mechanical Parameters in Presence of EDZ on Protozoic Malani Granitic
Host Rock for Conceptual Indian GDS - Laboratory Investigation and Numerical Modelling
Binu Kumar (Homi Bhabha National institute & BARC, India), R.K. Bajpai, T.N. Singh

Fully Coupled THMC Interactions in Bentonite Engineered Barrier Systems
Chig-Wei Kuo (National Taiwan Liniversity, Taiwan), w.J. Kuo, T.P. Lee, T.T. Wang

Analysis of Thermal Slip Processes in a Laboratory Scale Fracture
Lisngchao Zou (KTH Royal Institute of Technalogy, Sweden), ¥. Jin, L Zhuang, C Sun, C_ Yao, V. Cvethovic

Session Track B: Coupled Processes in Performance Assessment (Chair: Tara LaForce)

Location: Salle Temple 1 +2

Multi-Phase Flow Modeling at the Component Level for the Swiss Deep Geological Repository

11:08 am Dominik Zbhinden (INTERA Inc., Switzeriand), U. Lengler, K. Luu, B. Shabani, C. Li, A Paplotiou
Long-term Evolution of Bentonite-Based Seals for Closure of a Radioactive Waste Repository in
11:15 am Claystone: A Hydro-Chemo-Mechanical Modelling Assessment
Andrés Idiort (Amphos 21, Spain), M. Lavifia, J. Pelegri, A. Pasteau, M. Michau, J. Talandier, B. Cochepin
A Numerical Benchmark for Modeling a Large-Scale Repository in the Callovo-Oxfordian Claystone
11:30 am Minh Ngoc Vu (Andra, France), G. Armand, M. Souley, V. Renaud, M. Alonso, J. Vaunat, A. Gens, Z. Yu, JF Shao, G.
Corman, F. Collin, M. Camusso, D.P. Do
Modelling Gas Transport on the Repository Scale within EURAD-GAS: Setup of a Numerical
11:45 am Mon:-Isothermal Multiphase-Multicompenent Model and First Results
Michael Pitz (Federal institute for Geosciences and Natural Resources (BGR), Germany), G. Ziefle, T Schintgen,
J, Mallmann, H, Kunz, T. Nagel
A Comparison of Performance Assessment Models and Methods in Crystalline Rock
12:00 pm Rosie Leone (Sandia Notional Loboratories, USA), C.C. Chang, JW, Kim, J, Thiedau, 0. Miklig, J. Hyman, P
M AT
Not Too Simple, Not Too Complex - In Search of a Goldilocks Model for a Salt Repository Whole-Systems
12:15 pm Model
Alexander Bond (Quintessa Ltd, United Kingdom), 5.J. Benbow, J. Nicholas
12:30 Lunch {1 hour) - Location: Espace Champog

Keynote (Chair: Jens Birkholzer)

1:30 pm

Location: Auditorium

Keynote: On the HM and THM Behaviour of Argilloceous Rocks
Antonio Gens (Technical University of Catalonia, 5pain)
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Plenary Session: Coupled Processes Across Scales (Chair: Gilles Armand)

Location: Auditorium
The Coupling of Stress, Strain, and Pore Pressure at Gas Entry in Opalinus Clay: The Gas Transport (GT)
Laboratory and Field Study

2:15
oo Rob Cuss (British Geological Survey, United Kingdom), A. Wiseall, J. Gisiger, A, Rinaldi, E Tamayo-Mas, C. Graham,
M. Sentis, J. Harrington
230 pm Transport Regimes in Complex Discrete Fracture Networks

Philippe Davy (University of Rennes, France), R Le Goc, C. Darcel, 8. Pinier, J.O. Selroos, 7. Le Borgne
Hydromechanical Response of a Large Clay Host-Rock Heated Volume: Preliminary Results from
2:45pm Borehole SIMFIP Tests Following the Callovo Oxfordian Clay Heating Experiment at Bure (Andra, France)
Yves Guglielmi (Lowrence Berkeley Notional Loboratory, USA), G, Armand, C. Plia, S. Van Gorp, S. Piot
Pre-Modelling of the Clay Barrier in the Inner Section of the Prototype Repository - Overview)
Patrik Sellin {SKB, Sweden)
315pm Permeability of Complex Rocks - A Tribute to the Legacy of APS Selvadurai

Poul Selvodurai (ETH Zurich, Switzerlond)
3:40 Coffee Break - Location: C

Fanel D 0 3 3 0 ernationat Collaboratio

3:00pm

This panel discussion will focus international collaboration initiatives in geologic disposal science.
Panelists will briefly introduce the initiatives they are representing and will discuss their respective
working practices and focus areas. Together with the audience, the panel will discuss the value of
interational collaboration and will review best practices for success.

Panelists:

4:00 pm e Christophe Nussbaum, swisstopo, representing the Mont Terri Project
Patrik Sellin, SKB, representing the SKB Task Forces

Louise Theodon, Andra, representing EURAD2

Bastian Graupner, ENSI, representing the NEA Clay Club

Karina Lange, IAEA, representing IAEA's initiatives

Jens Birkholzer, representing DECOVALEX

Closing Remarks
Location: Auditorium
5:00 pm Gilles Armand (Andra) and Jens Birkholzer (Lawrence Berkeley National Laboratory)
5:15pm Adjourn
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