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ABSTRACT

In the past years retrievability of HLW and of spent nuclear fud after their disposd in a deep
geologicd repogtory is increasingly receiving attention. Fundamenta technologica aspects of waste
retrieva from a deep geologicad disposd are outlined in this paper based on a comprehensive
andyds of a previous sudy. Main tasks in andyzing the generic feashility of waste retrievd are
described as well as limiting factors. The andlysis of the feasibility in principle showed that in practice
limits for waste recovery stlem only from the available technology.

As a contribution to the ongoing discussion the present paper anayze the limits to retrievability from
a repository not originaly conceived to be eesly retrievable. It focus on a repodtory in a st
formation, but provides some reflections vaid for granite and clay.

INTRODUCTION

In some countries waste retrievability is now a part of the set of requirements a repository must
comply with, not only for HLW and spent fud, but aso for al other long-lived radioactive wastes. In
anumber of other countries there is a progpect that such a requirement will be introduced in the near
future.

This surprising development stems more from psychologicd rather than technica considerations. On
the one hand some discomfort is perceived by a wide portion of the generd public with the
perspective of building a facility seen as an irreversible disturbance of the environment, and thet on
the basis of incomplete knowledge. On the other hand the sheer length of the time period of waste
isoktion required induces reticence even in people with an otherwise postive attitude towards
technology in generd and nuclear power in particular. A repository concept devised and engineered
50 as to dlow eadly reversing the process of disposd, whenever in the future it is conddered
necessary or advantageous, is thus considered more likely to gain public acceptance.

Unfortunately, ensuring retrievability of the digposed HLW and spent fud for a long period of time
entalls distinct operational hazards, and might even impair achieving the very aim of geologic disposa
of permanently isolating the waste from the biosphere. A careful evaluation is necessary to ensure an
optimum balance of these contradicting gods.
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RETRIEVABILITY OF HLW FROM A REPOSITORY IN SALT

It is purposeful to darify a fird some potentidly confusing concepts, such as revershble and

retrievable disposal, widdly used in the current international discussion. In its document on Strategic
Aress in Radioactive Waste Management [1] the NEA-RWM Committee states that ,, storage"

indicates the possible intention to retrieve the wadte, and “disposal” indicates the lack of such
intention and a passvely safe long-term solution. This is, eg., in line with the definitions used in the
German Sdafety Criteria for the Disposd of Radioactive Wastein aMine[2]. In such a context terms
now widdly used as “retrievable disposal’ seems contradictory.

In this paper retrieva is understood as the remova of the waste from its emplacement in the
repository, regardless of the origina intentions. Disposd is understood as the waste emplacement in
arepogtory without & priori intention of retrieva.

In analyzing the generic feaghility of waste retrieva the following steps are meaningful:

To anayze whether spent fuel and HLW disposed of in a repository in a st formation can
be recovered, should the need arise, and under which conditions.

Provided this retrieval is possble, to consder which measures, ether organizationa
arrangements or technical features, could ease the retrieval task.

To assess theredfter the impact of such measures and features onto the repository design
with aview on its operationa and long-term sefety.

To findly check whether there are some specific aspects of sdt as a host rock having an
influence onto the ability to retrieve the waste if considered appropriate.

In case such an influence exidts, it is additionaly worthwhile to know:

Whether in view of waste retrieval the advantages of sdt as a host rock overweight
eventud disadvantages.
How arepository in sdt would compare with arepository in clay or in crystalline rock.

The capability of retrieving spent fuel and HLW (here generically cdled HLW) from arepodtory ina
st formation was comprehensively andyzed in a previous study [3]. In a comprehensive system
andysis on spent fud direct disposd in a st dome a very detailed, site-specific repository design
was developed. While andyzing long-term safeguards aspects of this repository design the quedion
aroxe, whether fissle materid could be inadvertently retrieved from the repository after ending the
active safeguards measures, i.e. dfter repository closure. The study conclusively showed that spent
fud retrievd, and thus fissle materid diverson, would be in principle a any time possble after
repostory closure. But the amount of fuel accessible for retrieval appeared to be under the
conditions of the study dependent upon the time after digposa to which the spent fue is to be
recovered. Furthermore, some limits to the capability of recovering the spent fuel became gpparent.
Ther detailed andyss unvelled a strong dependency of the recovery capability from the study’s
boundary conditions. Limiting factors were:

A repodtory desgn optimized to minimize underground space requirements, i.e. with
maximum host rock heating (compact repository).
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A drict compliance with al gpplicable regulations in regard to radiation protection and mining
working conditions for manned, hands-on operation (no intervention conditions, no remotely
controlled equipment).

Exdlusive use of existing mining technology, and of standard industrial equipment.

Within these boundary conditions the host rock temperature in the waste near field proved to be the
factor limiting the cagpability of HLW retrievd. An exhaustive review of the sate- of- the-art in mining
technology lead to identifying 100 °C as the gpproximate upper rock temperature limit for retrieva.
But even with the very dense repository layout assumed as reference repository in the mentioned
Sudy it would have been possible to remove a sgnificant portion of the waste inventory & any time.

A quditaive evauation of retrievd capability was laer caried out assuming foreseedble
technologica further developments and limited use of specid-purpose, remotely controlled machines.
With this, as well as, eventudly, by dightly reducing the repostory thermd load densty, full waste
retrievability is achievable & any time after digposal. And this without trading-off operationd or long
teem safety to fecilitate retrieval. Therefore, a specific retrievability requirement seems to be

uNnecessary.
THELIMITSTO HLW RECOVERY CAPABILITY

It is interesting to andyze whether above results are vaid for the repodtory conceptud design
sudied only, or if they are generdly vdid, irrepective of design detalls. Eventudly, the retrievd ways
and means conceived during the mentioned work can be adapted, with appropriate changes, to a
wide range of different Stuaions. Moreover, it is worthwhile to andyze whether or not there are
insurmountable limiting conditions to our capacity of retrieving waste from a deep geologica
repogitory, i.e. such conditions that would render HLW retrievad impossible, independently of the
available ways and means.

Fundamental answers to these questions are provided by the physics of open and closed systems.
The process of diluting and dispersing waste, e.g., by dumping gaseous or liquid effluents into the
amosphere or into the sea, are irreversble processes in thermodynamica sense, leading to a
substantia increase of the system’s entropy. Obvioudy, in such cases tota waste recovery after
discharge isimpossible.

Unlike this, disposa of waste by concentration and confinement into a closed system is areversble
process in thermodynamica sense. There is no fundamenta limit to total weste recovery by
transferring it into another closed system, provided a discharge over the system boundaries has not
teaken place. Consequently, as long as the contanment system - the sysem boundary in
thermodynamicad sense - remains intact, complete recovery is in principle possble And in
thermodynamica sense “containment systeni’ does not refer to an intact waste package, but to any
defined boundary or boundaries separating the volumes containing the waste from those free of
radionuclides at a given time. Obvioudy, having the waste totaly confined in the primary container
- the waste package - would be a substantia asset under al circumstances. But waste containment in
the near fidd, or in the host rock, would also suffice the thermodynamic requirements, making waste
retrieval possible asamatter or principle.
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FACTORSAFFECTING RETRIEVABILITY

After andyzing the feashility in principle of wagte retrieva atention can focus on the ways and
means to carry out HLW recovery. By andyzing the technological condraints, still under the
assumption that the repository was not designed to fecilitate retrievd, features and interrelations
easing or hampering wagte recovery can be identified.

It israther straightforward that a robust waste package guaranteeing compl ete waste containment for
the time span during which retrieval could be envisaged would be an important factor affecting
retrieva capability. This would be the case for most waste disposa concepts currently considered,
with waste container total tightness requirements of some hundreds to some thousands of years.

The influence of the temperature field in the waste near field upon retrievability is afactor needing a
dedicated andlysis on a case by case basis. In most repository designs lower temperatures will
reduce the requirements upon the retrieval equipment. But a high thermal load dengity is akey feature
for ensuring long-term safety of repositoriesin sat or in welded tuff. A balancing of easy retrievability
againg improved long-term safety is needed in such cases.

With regard to mechanica dtability, re-entering a drift in a high temperature environment by re
excaveting the backfill in a ductile host rock like st would entail much less hazard than in hard,
brittte rock like granite. A softer, ductile rock - such properties are enhanced by higher
temperatures - can accommodate much higher stress redigtribution from excavationinduced rock
unloading without failure than hard, brittle rocks. Moreover, the therma stresses resulting from a
given therma load are markedly lower in softer rocks. Having account of dl of this, waste retrieva
from a repogitory in granite will be, as for sdt, strongly dependent from the retrievd time and the
repository concept and feetures. But in the tendency it would be more difficult, hazardous, and
expengve than from arepogtory in sdt.

The technicd feedhility of safely retrieving HLW from a repository in clay would strongly depends
upon the repository concept, as well as on the retrieva time and the then achieved degree of re
saturation of the host rock with groundwater. Keeping arepository in clay open over alonger period
for easy rerievd will involve mgor technicd difficulties, condderable costs, and high hazards.
Depending upon the repository concept and the properties of the rock, re-entering a once closed
and seded repository in clay would require a paramount effort. The risks associated with possible
operaiond accidents during retrieva could well overweight the risk of leaving the wagte in place. In
any case, HLW retrievd from a repository in clay would involve the biggest technica effort, the
associated hazard would bethe highest of adl usudly consdered host rocks.

In addition to the mentioned robust, durable waste package, a shielded container would be an asset
for waste retrievd from any host rock, since it would dlow hands-on operation and substantialy
reduce the need of usng remote equipment. Additiondly, it would consderably ease intervention,
eg., for repairing faulty machines, which is likely to become necessary while overcoming unexpected
Stuations

Engineering barriers in the waste package near field will have to be removed prior to retrieval. A
resilient near field backfill or buffer materids, as, e.g. concrete backfill or concrete borehole plugs,
would be a strong retrieva hindrance. Their remova would entall the danger of damaging the waste
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package. Trouble-free accesshility to the waste near field by using an expendable backfill materid,
which can be mined out with smple means without damaging the waste package would be a clear
advantage.

CONCLUSIONS

This paper focuses on some fundamental technological aspects of weste retrievdl. A more
comprehensive approach should aso condder ethicd aspects as practice judtification, inter-
generdtion farness, and sudtainability, as well as factors like public confidence and public
acceptance. Furthermore, the operationa risks for the repostory staff and the public during the
accesshility period, the optimum baance between operationa and long-term safety, and the
avalability of means for repogitory long-term monitoring deserve careful atention.

The andlysis of the feaghility in principle of waste retrieva showed that in practice limits for waste
recovery stem only from the available technology. There appears to be no insurmountable condraints
to retrieva capability aslong as the HLW remains contained in the waste package and its near field.
Technologicd further devdopment of ways and means will render retrievd feasble for most
repogitory concepts and increasingly easier with the course of time. And that assuming that the
repository was not designed to fecilitate HLW retrievd.

A comprehensive andysis carried out for the detailed design of a repository in sdt not intended to be
eedly retrievable unveiled the limiting conditions for waste recovery. A laer review of the study’'s
outcome dlowed to identify repository festures having the highest impact onto waste retrieva
feasbility. These features and their effects onto processes in the repository development were
andyzed conddering firgt sdt as the host rock, and later extended to tuff, crystaline rock and clay at
an outline level. The andyss provided some hints for optimizing the repository design in view of an
eventud retrieva.

It seems possible in principle to totaly recover the HLW from arepository in sdt or crystdline rock.
Such a waste retrieva will not require keeping the repository open for a long period of time, or
introducing costly additiona measures and features. Retrieva from a repodtory in clay will most
likely demand a subgtantialy bigger effort, and will entall greater hezards. A detailed study aong
these line addressing the technica feasibility of retrieva from repostories in different candidate host
rocks appears meaningful to substantiate the previous conclusons.
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