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Abstract: An international, multiple-code benchmark test (BMT) study is being conducted within the 
international DECOVALEX project to analyse coupled thermal, hydrological, mechanical and chemical 
(THMC) processes in the excavation disturbed zone (EDZ) around emplacement drifts of a nuclear waste 
repository. This BMT focuses on mechanical responses and long-term chemo-mechanical effects that may 
lead to changes in mechanical and hydrological properties in the EDZ. This includes time-dependent 
processes such as creep, and subcritical crack, or healing of fractures that might cause "weakening" or 
"hardening" of the rock over the long term. Five research teams are studying this BMT using a wide range of 
model approaches, including boundary element, finite element, and finite difference, particle mechanics, and 
elasto-plastic cellular automata methods. This paper describes the definition of the problem and preliminary 
simulation results for the initial model inception part, in which time dependent effects are not yet included. 

1. INTRODUCTION 
This paper presents an international, multiple- 

code benchmark test (BMT) simulation study of 
coupled thermal, hydrological, mechanical and 
chemical (THMC) processes in the excavation 
disturbed zone (EDZ) around an emplacement drift 
of a hypothetical nuclear waste repository. The 
study is part of the ongoing international 
DECOVALEX-THMC project, denoted as Task B 
(Rutqvist et al., 2006a). This simulation study 
focuses on mechanical responses and long-term 
chemo-mechanical effects that may lead to time- 
dependent changes in mechanical a;ld hydrological 
properties in the EDZ. This includes processes such 
as creep, subcritical crack growth, and healing of 
fractures that might cause "weakening" or 
"hardening" of the rock over the long term. Five 
research teams are studying this BMT using a wide 
range of model approaches, including boundary 
element, finite element, finite difference, particle 
mechanics, and cellular automata methods (Table 
1). An important part of this BMT is to investigate 
how these widely different approaches can be 
adapted and developed to include time-dependent 
processes to model the complex coupled THMC 
processes at various scales within or near the EDZ 

of an emplacement tunnel. Thus, this BMT is not a 
strictly defined problem for code-to-code 
comparison, but is rather designed to promote 
innovative model developments towards simulation 
of chemo-mechanical interactions with a future, 
fully coupled THMC modelling. The present paper 
describes the definition of the problem, and present 
and compares preliminary simulation results. 
Detailed simulation results for one individual 
research team are also presented in an 
accompanying paper by Lee et al. (2006). 

2. SIMULATION TASKS 
The coupled THMC processes of the EDZ are 

simulated for two sizes of model domains close to 
an emplacement tunnel (Figure 1); (1) a near-field 
model domain, and (2) a wall-block model domain. 
The near-field model domain extends a few meters 
into the rock from the drift wall and allows analysis 
of both the evolution and extent of the EDZ. The 
smaller sized wall-block model domain does not 
permit analysis of the extent of the EDZ, but rather 
it is used for detailed analysis of THMC processes 
within the EDZ. Various degrees of fracturing are 
considered according to Figure 2 and 3. The 



relatively small model domains adopted for this 
BMT allow a very fine discretization, which 
implies that detailed physics of the rock failure 
process can be studied. 

The aim is to simulate, as closely as possible, the 
THMC environment of the near-field and the EDZ 
over a 100,000-year lifetime of a repository. 
Because the near-field and the wall-block model 
domains in Figure 1 only represent a small part of 
the repository system, the THMC environment has 
to be reproduced by specially designed, time- 
dependent boundary and interior conditions. For 
this BMT, the results from large-scale coupled 
THM and THC analyses conducted within the 
DECOVALEX-THMC project are utilised for 
assigning time-dependent boundary and interior 
conditions (Figure 4 and 5). Those large-scale 
analyses include complete THM and THC analyses 
of rock and bentonite buffer, to calculate the 
evolution of temperature, fluid pressure, bentonite 
saturation and swelling, thermal stresses, and 
evolution of chemical potential (See Rutqvist et al., 
2006 and Xie et al., 2006). However, they do not 
include detailed modelling of the EDZ or chemo- 
mechanical couplings. 

This BMT is divided into five modelling stages, 
starting with a well-defined linear thermal-hydro- 
elastic analysis, and then successively adding 
components of elasto-plastic and time-dependent 
mechanical behaviour. The following specific 
modelling stages are defined: 

Stage I-Linear thermal-hydro-elastic 
modelling: Model inception with linear elastic 
properties 

Stage 2-Non-linear, elasto-plastic failure 
modelling: Extend model to include non-linear 
and elasto-plastic properties for failure analysis 

Stage 3--Time dependent failure modelling: 
Extend model to include time-dependent 
changes in mechanical properties for analysis of 
creep and mechanical degradation 

Stage 4--Chemo-mechanical modelling 
(optional): Extend model to include simplified 
chemical modeling of time-dependent pressure 
solution/stress corrosion, or other chemo- 
mechanical effects 

The primary purpose of the model inception 
(Stage 1) is for the research'teams to familiarise 
themselves with the problem by performing one 
simulation in which all the properties are given, 
and no time-dependent changes in material 
properties are assumed (see Table 1 for basic 
mechanical. properties in Stage 1). In Stage 2, the 
research teams should introduce nonlinear material 
properties and elasto-plastic material properties 
into their models to calculate actual development of 
failure. In Stage 3, the research teams would 
develop their models further to consider time- 
dependent effects.   his' may include development 
of models with time-dependent changes in 
continuum mechanical properties (e.g., by time- 
dependent damage parameters) or subcritical crack- 
growth modelling. After reaching Stage 3, the 
research teams should evaluate the need and 
potential, for extending their models to MC and 
THMC Stages 4 and 5. 

DOE: U.S. Department of 
Energy's Research Team: 
Lawrence Berkeley National 
Laboratory (LBNL) 

Table 1. Research teams and numerical simulators. 

TOUGH-FLAC 
simulator using finite 
difference method 
(FDM) 

ROCMAS finite 
element (FEM) code 

Research Team 

CAS: Chinese Academy of 
Sciences' Research Team 

FRACOM: FRACOM Ltd, 
Finland 

Numerical 
Simulator/Approach 

JAEA: Japan Atomic Energy 
Agency's Research Team, 
including Kyoto University 

Elasto-plastic Cellular 
Automata (EPCA) 

FRACOD boundary 
element (BEM) code 
with discrete fracture 
propagation 

THAMES finite 
element (FEM) code. 

Royal Institute of Technology, 
Stockholm 

Stage %Full THMC modelling (optional): 
Implement chemo-mechanical model developed 
under Stage 4 to link THC and THM models 
into a fully coupled THMC model 
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3. SIMULATION RESULTS 
IVclirn~nnry results for S13ge 1 for the near-field 
mndcl and 1v:111-hlock model dorn:lins, nnd !he 
inirinl results finm two research ream< on Stage 2 
nrc prcccntcd in thc ncv! two sr~bsect ions. 

lower r i ~ h r  corner or thc modct Il-'ip~rc h), 
I lowevcr. n comparison of vcrt ical and horfrontnl 
STEW profiles For ditTcrent model 5 i x s  shrncs thnt 
within o dictance of two metel? from the drifl wall. 
the ~ r n n l l  3.31 hy 3.42 meter mndd provides quite 
An accuntc %tress distribution (1:igurc 7 ) .  Since thiq 
PMT iq Ihcuscci on pmceqscs in the 1113% 
prcwmrihty \r ithin one lncter 01' the drift wall, and 
a snlnll nrodcl size i.; dcsired Ibr iillowiny fine 
disc~tiwtion, rhc small ?.42 by -7-42 metem model 
s i x  i.4 cnnqidered satidi~croy. 

Ihe ~ r n c m !  results of the S r a ~ c  1 snalyqiq of tlic 
near-ficirl model intiica~e that ~cnsile r~~ncturing tlr 
o p n i n ~  o f  pre-euirtiny r;ld~;rl ir;lc!urrpi arc likely to 
occtw ; ~ t  tlrc ?prim? tine, wl ierca~ tlte hi,~lre<t 
Pikelihoari for slicar Fnilure ocnrrs sl the drift 
cro\+-n. ' f i e  rcsul tq of 111rec rrrenrch reams (DISI:, 
FRACOM and CAS) are in rcsscmnhly p o d  
agreement reyarding strcss. Thc cfi~placerntn~ 
dicrrihution hy R'KACOM rkviatcs sornewli;rr rincc 
they do not considcr lhcmlal strain in rlirir rnwlcl 
(tliif wil l lie fifrthcr discuqsed hclow). T l ~ c  next step 
will hc to introdlice nnr i~nl  hcturcs lo thc nnalyri~ 
according tn Near-Field Mntlel 2 in Figure 3. 

f i r  6. Sinrirlation r ' ~ + ~ u l f s  h, DOE :F reter~rc.h 
fcnm of marirnirnr ond minitnrrnr 
c,omprc.rsr IT princrpnl S~PP.T.TL*T i7f 11)O 
~ ~ e u t - ~ , / i ~ r  Sinye I .  

3.2 Near-Field Model Domain 
- 3 ' 1 1 ~  rrsults of Ilir mndcl inception of the near- 

firld mtulcl domain (Sragc 1 ) .  show thnt ;t 

mlntively vrnall model s i x  af 3.42 by 3.41 rnvten 
I~acis to snmc t~n~vanteri  xrrcqs concentntions at the 
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Rock - Comparative Evaluation of Different 
Research Teams. GeoProc 2006 Conference. 


