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1. INTRODUCTION

To prevent radioactive contamination and undue exposure to the public, it is required that
long-lived and/or high-level radioactive wastes be isolated from the human environment for a very
long period of time. For the purpose of isolating such wastes, the basic concept of deep disposal is to
place packaged waste in a geological formation such as clay. One of main functions of the geological
formation is to isolate waste from moving groundwater, thus minimising lixiviation of waste and
advective radionuclide transport and, hence the amount of radionuclides that could reach the human
environment. Improving our understanding of processes that might affect the containment properties
of the geological barrier can reduce uncertainties about the performance of the repository.

In particular, during the stepwise development of the research programme, it is important to
clarify if fractures that might be induced by the excavation of the underground facilities might have a
significant impact on the radiological safety of a repository in a host formation such as clay. In this
framework, the self- healing properties of argillaceaous media – often quoted as one of the advantages
of such host formations – play a major role, notably in reducing the long-term impacts of such induced
fracturation.

Specific interest in the self-healing behaviour of argillaceous media was expressed at the 9th

meeting of the Working Group on Measurement and Physical Understanding of Groundwater Flow
through Argillaceous Media (“Clay Club”) in Madrid, Spain, 25th to 28th May 1999 [see document
NEA/RWM/CLAYCLUB(99)1].

Based on the outcomes of the 1996 workshop on “Fluid Flow through Faults and Fractures in
Argillaceous Formations” and the 1998 Topical Session on “Detection of Structural and Sedimentary
Heterogeneities and Discontinuities within Argillaceous Formations”, interest was expressed in the
preparation of an overview and synthesis of the current understanding of, and conceptual approaches
to, the processes that lead to self-healing of natural and induced fractures in typical repository
conditions. The issue of the applicability of the understanding that exists within the oil and gas
industry to repository-relevant conditions was also clearly asked.

The Topical session focused on the “Evidence of, and Approaches to, Self-Healing in
Argillaceous Media” was organised n the framework of the 11th meeting of the Clay Club. It was held
at Nancy in France on 16th May 2001 at the invitation of the French Organisation for Radioactive
waste Management (ANDRA).

Twenty-six participants representing several national waste management organisations,
regulatory authorities, government agencies and the academic community from the OECD member
countries and the EC took part in the session.

The Topical Session was mainly aimed at exchanging information on:

•  The general point of view on self-healing from geomechanical and geochemical experts;
•  The approaches that are or will be followed by the various organisations in order to deal

with the self-healing.

The geological settings covered in the presentations related to the whole range of argillaceous
media relevant to the disposal of radioactive wastes, including poorly indurated clays and indurated
mudstones, and shales.

The Chairman of this Topical Session was Marc Thury (NAGRA, Switzerland).
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The purpose of these proceedings is to provide on the one hand a brief summary of the
technical presentations and a record of the main conclusions and outcomes and, on the other hand, a
compilation of the presentations’ abstracts.

The abstracts are compiled without further elaboration from the Secretariat. The list of
participants for the Topical Session is given at the end of the document.

2. TENTATIVE DEFINITIONS

Steve Horseman (BGS, UK) explained at the Topical Session that two phrases appear in the
specialist literature. In order to be clear in our terminology it is necessary to attempt working
definitions of the phrases “self-sealing” and “self-healing” in the context of natural and induced
fractures in argillaceous rock. No formal definitions are available.

For him, self-sealing might be defined as a spontaneously-occurring process, with a number
of contributory underlying mechanisms, that leads to a reduction in the hydraulic transmissivity of a
fracture. A fully self-sealed fracture does not act as a preferential pathway for fluid movement. A
partially self-sealed fracture does act as a pathway, but its transmissivity is less than that of the newly
formed fracture.

In his opinion, fracture self-sealing is largely a hydromechanical process, involving changes
in the stress field, local movements of the porewater and inelastic deformation of the rock. Self-sealing
is only really significant in comparatively weak argillaceous rocks capable of plastic or viscoplastic
deformation. The stress path and final sate of stress are important considerations in assessing capacity
to self-seal. Swelling of clay minerals can sometimes be a contributory factor.

In this same context, the phrase self-healing has somewhat broader connotations. Self-
healing may be defined as a spontaneously-occurring process, with many possible contributory
underlying mechanisms, that leads to a reduction in the impact of a fracture on both the hydraulic and
the mechanical properties of the rock mass. The rock-mass properties (including geophysical) of a
volume of rock containing fully self-healed fractures may be virtually indistinguishable from those of
the same rock with no fractures. In the case of partial self-healing, rock-mass properties assume values
that are intermediate between those of newly fractured and fully self-healed material.

Self-healing of argillaceous rocks is a complex process, which can involve hydraulic,
mechanical, chemical and mineralogical changes occurring within the system. Minerals can be
transported into the fracture in solution and precipitated as cementing agents. The composition and
fabric of the fracture wall rock can also be altered. Given a long enough period of time and a suitable
geochemical environment, it is possible for self-healing to occur in virtually all rock types regardless
of diagenetic alteration, degree of lithification and ductility. Many of the underlying mechanisms of
self-healing are, again, time dependent.

By analysing these two working definitions, it is evident that self-sealing can sometimes
contribute to the partial self-healing of argillaceous rocks1. Indeed, the hydromechanical response to
the altered stress field often precedes the longer-term chemical and mineralogical responses of the

                                                          
1 It can be argued that self-sealing is likely to be the more important process affecting fluid movement in

fractured clays and mudrocks over the time scale of repository performance assessment.
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rock. It is possible, however, to have fracture self-healing with no significant involvement of
mechanical processes.

In his presentation, Lazlo Kovaks (Mecsek Ore Environment, Hungary) proposed a more
general definition of the term self-healing that was: “Self-healing means the capability of the host
formation to heal the newly formed discontinuities, restoring the original confinement performance”.

3 GEOCHEMICAL AND GEOMECHANICAL PERSPECTIVES

Michel Cathelineau (CREGU and UMR, France) presented the general point of view
concerning the geochemical aspects and in particular the way in which the original geochemical
conditions of the host rock formation could be affected by the opening of a repository. Two main
processes were presented, which could lead to self-healing: a restoration of the initial permeability of
the rock block by reducing the transmitivity of the discontinuity down to values equivalent to that of
the homogeneous medium before fracturing, or the sealing of the open discontinuity by precipitation
of newly formed minerals.

Steve Horseman (BGS, UK) presented the geomechanical point of view. In the absence of
any form of consensus opinion in the published literature, he attempted to distinguish the meanings of
the two phases “self-healing” and “self-sealing” (see above). Then he described how the
hydromechanical response of the rock to the altered stress field often precedes longer-term chemical
and mineralogical readjustments and also emphasized that there is no established theory describing
fracture self-healing and self-sealing processes in mudrocks and no currently available methodology to
assess the conditions under which these processes might be important.

4. ORGANISATION’S APPROACHES

Andreas Gautschi (NAGRA, Switzerland) presented evidence of self-sealing of faults in the
Opalinus Clay, which is considered as a potential host formation as part of the Swiss programme. He
described the results of investigations on the hydrogeological and hydrochemical characteristics of the
Opalinus Clay formation. The extensive hydrogeological data base, part of which derives from
strongly tectonised geological environments, suggests that advective transport through faults in the
Opalinus Clay at depths greater than 200 m is insignificant. This conclusion is also supported by
independent evidence from clay porewater hydrochemical and isotopic data. The lack of
hydrochemical anomalies and the lack of extensive mineral veining suggest that there was also no
significant paleoflow through such faults. These observations can only be reconciled with a strong
self-sealing capacity of the rock subsequent to faulting. Therefore it is concluded, that reactivated
existing faults or newly-induced fractures will not act as pathways for significant fluid flow at anytime
due to self-healing processes.

Regarding the Wellemberg site (marls), Martin Maruzek (University of Bern, Switzerland),
explained why frequency and geological characteristics of faults are not a function of depth below
surface. Considering any single fault, its structure and transmissivity are heterogeneous. The hydraulic
characteristics of faults strongly depend on the overburden and it exists a good consistency between
hydraulic and hydrochemical evidence. Drill core evidence does not provide any criteria regarding
hydraulic characteristics and, fault breccias and gouges are ubiquitous. Faults, which were originally
sealed at depth, seem to have opened up during regional uplift. Fracture transmissivities are enhanced
at depths of burial less than 500 - 700m.
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Concerning the Opalinus Clay at the Mont Terri (a rock laboratory that permits international
collaboration on many experiments), Peter Blümling (NAGRA, Switzerland) and Kun Su (ANDRA,
France) presented the findings of experiments dealing with self-healing of an indurated mudstone.
Particular relevances of these experiments are linked to self-healing of the excavation disturbed zone
(EDZ) and of gas-induced fractures. These experiments conducted in Mont Terri were targeted at the
provision of basic information on the behaviour of Opalinus Clay (Swiss) and the Callovo-Oxfordien
(French) argilites (France) formations. The experiments show that closure of fractures or micro-cracks
within the EDZ should occur through clay swelling phenomenon or the precipitation of calcite.

The Boom Clay is considered as a potential host-rock for the disposal of Belgian radioactive
waste. During the sinking of a new shaft to extend the underground research facility HADES,
significant fracturing was observed around the shaft excavation. Fracturing had been observed
previously, but to a much lesser extent. The low support pressure imposed by the primary shaft lining,
combined with the large time over which this support condition was held, favoured the decompression
of the clay mass through delayed effects, leading to the development of fractures. In the context of the
overall performance of a radioactive waste repository, it is very important to understand the process of
fracture development in Boom Clay, together with the subsequent self-healing behaviour. Given that
background, Frederic Bernier (Euridice-GIE, Belgium) presented future work that will be conducted
within the SELFRAC EC project (Fractures and Self-healing within the Excavation Disturbed Zone in
Clays). The SELFRAC project aims at understanding and quantifying the increase in permeability
resulting from crack development around excavations in clays and the self-healing processes that can
in turn reduce permeability in time. Two clay types will be studied and compared: the Opalinus Clay
at Mont Terri (Switzerland) and the Boom Clay (Belgium).

Laszlo Kovaks (Mecsek Ore Environment, Hungary) ended the session by presenting
evidence for the partial self-healing of a claystone formation (Buda Clay Formation, BCF) revealed by
in situ measurements. The highly indurated and over-consolidated character of the BCF is not
favourable for an occurrence of the classical, quasi-instantaneous self-healing mechanism such as
occurs in soft argillaceous formations. However, it was observed during the characterisation program
(1993-1999) that a number of natural processes took place, including the degradation of non-swelling
materials, re-hydratation of clay minerals and precipitation processes. Collectively, these processes
could explain the observed partial self-healing effect.  Some consideration is therefore needed of self-
healing processes when undertaking performance assessments relating to the more indurated
argillaceous rocks.

5. CONCLUSIONS/FUTURE WORK

Members thanked the speakers for their very informative presentations and noted that the
session:

•  Provided an overview of the spectrum of the topic ; such multidisciplinary overview
was – to the knowledge of the Clay Club members – not available before the session;

•  Demonstrated the necessity to consider self-healing in all types of argillaceous
media considered as potential host formation;

•  Illustrated the need to reconcile the geomechanical and the geochemeical approaches
vis-à-vis the self-healing.

The discussions focused initially on the clarification of the two phrases “self-healing” and
“self-sealing” (see item 2 above).
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The term of which the agreement was the most consensual was “self-healing”. In that frame,
the definition proposed by Lazlo Kovaks in his presentation received a good support. Marc Thury
pointed out, that the phrase “self-healing” was used since many years by the Clay Club members, and
the advantage of this phrase is that it is well understood by the public and contributes very much to
confidence-building. Replacing this phrase could be confusing. For the purposes of future initiatives
regarding these matters, the largely hydromechanical process of self-sealing will therefore be regarded
as specific contributory mechanism within the overall context of fracture self-healing in argillaceous
rocks. In any case, any of such initiatives should further clarify these concepts and phrases.

As proposed by Steve Horseman before the closure of the Topical Session, future effort on
the self-healing topic many focus on the production of a multidisciplinary (and multi-authored)
synthesis report entitled “Potential for Self-healing of Fractures in Plastic Clays and Argillaceous
Rocks under Repository Conditions” [see NEA/RWM/CLAYCLUB(2001)6]. This is a new area of
applied science and there are very few publications that cover the topic and none that address
fundamental aspects of material behaviour.  Furthermore, the applicability of knowledge and concepts
used by this oil and gas industry to repository relevant conditions (temperature, pressure, time frame)
is not straightforward. The proposed report aims to bring together and synthesise information from
very diverse sources in order to provide a sound scientific basis for future safety assessment and site
understanding activities. These aims clearly go well beyond those of a basic literature review. The
report will examine the broad class of host media relevant to the disposal of radioactive wastes,
including plastic clays, mudstones, clayshales and shales. A suitable rock classification system will be
used as the basis for comparisons between rock types. This initiative was further discussed at the Clay
Club plenary meeting.

It was also noted that the issue of fracture self-healing is strongly linked to other key Clay
Club topics of interest, including episodic flow, palaeo-circulations, the long-term significance of the
excavation disturbed zone (EDZ), and rock-water interactions. Close links with EU initiatives (e.g.
SELFRAC2 Project), company-sponsored R&D projects (e.g. FORPRO3, France) and ongoing studies
in underground laboratories (e.g. Mont Terri Laboratory, Switzerland) are a must in order to benefit
from information exchange and avoid any duplication of effort.

                                                          
2 SELFRAC is a project that has been submitted to the EU in relation to 5th Framework R&D activities.

The project specification is focused on fracturing and healing processes in Boom Clay and Opalinus Clay.
The programme includes laboratory-scale and URL-based experiments, together with predictive
modelling activities. (see F. Bernier’s presentation)

3 FORPRO (FORmations géologiques PROfondes) is an ANDRA-CNRS research initiative with a
number of French university inputs aimed at improving knowledge of the behaviour of deep geological
formations. Some laboratory work is presently underway on the problem of fracture sealing.


