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Abstract

The article refers shortly to the definition of the term 'retrievability' and shows two
different possibilities of retrieval scenarios, their advantages and detriments. The second part
lists the Safeguards aspects of retrievability, gives a short outlook on the present German
Safeguards Reference Concept in the post-closure phase of a repository in a salt dome and
about the results of German studies concerning some proposed Safeguards methods.
Furthermore, planned investigations on Safeguards in the post-closure phase of a repository
are mentioned. The third and main part finally describes the results of the German
Retrievability Study,which was elaborated in the middle of the nineties by DBE on behalf of
the German Federal Ministry of Education, Science, Research and Technology, BMBF, under
an R&D-contract.

1. INTRODUCTION

Since the middle of the sixties, safety investigations on the final disposal of radioactive
wastes in geological repositories have been initiated in Germany. Between 1966 and 1978, the
unretrieved emplacement of LLW and MLW had been investigated in the Asse salt mine. For
more than twenty years Germany has investigated safety and Safeguards aspects of the direct
final disposal of spent nuclear fuel in a salt dome repository, too. In 1988, Germany installed
the joint task 'Safeguards for the Final Disposal of Nuclear Material in Repositories' with the
IAEA within its Support Programme. Under this programme works have been carried out to
investigate the possibility of retrievability of emplaced spent nuclear fuel from a repository in
a salt dome [1, 2].

2. SAFETY ASPECTS ON RETRIEVABILITY

According to the IAEA Radioactive Waste Management Glossary, retrievability is
defined as

the ability to remove waste from where it has been emplaced [3, 4].

In the post-operational phase of a spent fuel repository, there are two possibilities to
retrieve the emplaced nuclear material:
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1. The repository has been kept open after the last waste package has been emplaced, i.e. it
is furthermore accessible after the completion of emplacement actions. That means: The
repository is in the phase of post-operation, but not in the phase of post-closure. Access
would be possible via the open access roads (shafts, tunnels and drifts) from the surface.

2. The repository has been closed, i.e. all underground voids or openings have been
backfilled and the shafts and/or ramps as well as the mine have been sealed from the
above ground environment. Then the repository is in the post-closure phase. Direct
access would not be possible. Access roads must be created by sinking shafts from the
surface or by driving ramps from an existing mine in the vicinity of the repository or by
reexcavating the old, backfilled and sealed access ways of the former repository.

Some safety aspects have to be considered:

In case one the possibility of

(a) break-in of brines, ground-water and even water from the surface via the shafts and
ramps;

(b) human intrusion; and
(c) diverting nuclear material

is a relatively likely scenario.

These are the detriments. A great advantage of this case — from the economical point of
view — would be the possibility to easy retrieval of the emplaced material or parts of it
following declaration to the IAEA.

In case two the material which has been disposed of is 'nearly irrecoverable'. That
means:

(a) break-in of brines is not possible, groundwater and surface water cannot get into the
repository;

(b) human intrusion is extremely improbable; and
(c) an attempt to divert the emplaced nuclear material is extremely difficult and can, if

Safeguards is applied, practically be excluded.

As a detriment from the point of view of economy, the following has to be named: the
nuclear material and fission products or their stable daughter-products can only be recovered
with enormous effort. This effort will be described later.

In 1995, the principle 5 of the IAEA Safety Fundamentals stated, that

"those who generate the waste should take responsibility, and provide resources, for the
management of these materials in a way which will not impose undue burdens on future
generations "[5-8].

With other words: to avoid imposing the burden of ongoing surveillance and
management, and of ultimate disposal, on future generations, the producers of waste also
should take care for their management and/or removal.
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This view is also adopted in the NEA document "The Environmental and Ethical Basis
of Geological Disposal of Long lived Radioactive Wastes" and in the "Joint Convention on
the Safety of Spent Nuclear Fuel Management" [5-8].

In the last time, question marks have been put to this present position by a part of the
radioactive waste management community. There is a reconsideration of the merits of a
strategy of ongoing monitoring and of the advantage of controlled wastes, for which one is
free to choose a disposal or even a further application option in the future.

3. SAFEGUARDS ASPECTS ON RETRIEVABILITY

In the case of the open post-operational repository, a lot of Safeguards measures are
necessary and could be performed: monitoring procedures for the emplaced material,
measurements of the nuclear material content in the packages from time to time — with the
disadvantage of additional radiation exposure of the personnel (staff and inspectors!), C/S-
measures as seals, video, etc. Keeping open the emplacement voids would influence safety
negatively. This all would mean a lot of effort (for instance maintenance of Safeguards and
other monitoring and surveillance equipment, works to keep the underground voids open in
case of convergence, employment of personnel, radiation exposure of the personnel), and
expenditure (high costs). Most of these measures would lead to a high detection probability in
case of diversion [9-13].

In the second case, the repository in the post-closure phase, the presently pursued
German Safeguards Reference Concept [14-16] foresees that Safeguards measures could be
restricted to simple methods: Satellite imagery and perhaps occasional reconnaissance plane
image-taking (in case of bad weather) as well as occasional inspections of the above ground
area of the former repository to exclude undeclared mining activities. This would save a lot of
funds in comparison with the above mentioned first case.

Additionally until now proposed geophysical monitoring would not lead in the case of a
repository in a salt dome to a plus in Safeguards in our opinion, because these methods are
unpromising [17-18].

The geological characteristics of the Gorleben site presently unter scrutiny by the
German authorities would not allow good results. The reasons are:

(a) Layer borders within the salt dome (different strata) as well as inclusions (gas, brines,
clay and anhydrite shreds within the foreseen emplacement layer, the older rock salt).

(b) Creeping behaviour of the salt owing to the rock pressure of overlying strata
("convergence").

(c) Several groundwater horizons as well as clay strata and small lignite deposits in the
main material sand of the overburden.

These are the geological reasons. Additionally, it has to be mentioned that

(d) the present German emplacement concept foresees the direct successive backfilling of
open remaining voids which are not further needed after emplacement of the waste and
spent fuel packages during the operational phase; and

(e) anthropogenical and environmental influences (tides, wind) have also to be considered.
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Based on studies, BfS has initiated up until now [19-21], it can be concluded that
geophysical monitoring would not contribute much to Safeguards objectives with salt as host
rock.

Many methods will fail by attenuation caused by water. Other methods will need
additional open remaining boreholes for maintenance and repair purposes which could create
paths for break-in of brines, ground water etc.

Next year it is intended to begin experiments in salt mines to investigate seismo-
acoustic methods within the German IAEA Support Programme with the objective to
differentiate between excavation noise and other noise produced in a salt mine. These
investigations aim mainly at the operational phase but they could also become interesting for
post-closure Safeguards to monitor retrieval works, if the results of the experiments will be
satisfying.

With the change of the German nuclear policy by the new Federal Government the
suitability of salt as a preferable host rock has been called into question. For this purpose, new
site suitability criteria as well as site selection criteria in different host rocks are being
elaborated as part of a national waste management plan. If the decision is made to investigate
other host rocks besides salt in Germany, the effects to the presently pursued Safeguards
Reference Concept have to be evaluated for those other host rocks.

4. RESULTS OF THE GERMAN RETRIEVABILITY STUDY

In the middle of the nineties the German Federal Ministry of Education, Science,
Research and Technology (BMBF) sponsored work under contract no. 02 E 8371 to study the
possibility of retrievability of spent nuclear fuel from a closed geological repository in rock
salt. This work led to a report also published within the IAEA/BMBF Joint Programme [22].

The summary and summarizing evaluation of this report were:

There are two conceivable diversion paths after the mine has been closed as a
repository:

(a) access by the specific sinking of boreholes or shafts directly into the emplacement
fields, or

(b) indirect access by excavating a new mine.

Retrieval is only possible at a time and a place where the temperature limit of 100°C is
not exceeded in the repository area. According to temperature field calculations, about 40
years after the start of emplacement (or 70 years after discharge from reactor), i.e. still during
the operating phase, the surface temperature of the first two POLLUX casks situated at the
outer exposed end of a marginal drift will have already dropped below 100°C.The
retrievability of all 19 casks of a drift strongly depends primarily on the surface temperatures
of the respective casks.

Thermomechanical calculations for a small emplacement field point to low compressive
stresses. Tensile stresses which could endanger the stability of a drift do not arise. In driving a
drift, maximum convergence rates of 5-7 cm per month are to be expected initially and will
be rapidly reduced at later dates.
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Salt is today successfully mined at a depth of 1500 m and at rock temperatures of more
than 60°C so that mining engineering is available for high rock temperatures. Remote-
controlled machines with special cooling equipment, machines with climatic protection cabs,
protective suits for the workforce, particularly efficient mine air coolers and drift insulations
have been developed for this field of application. High convergence rates and crack formation
close to the drift can be handled by reaming or by a combined roof bolt and wire netting
structure. The upper limit on rock temperature which can currently be dealt with by mining
engineering is in the region of 100°C.

The analysis of a possible retrieval cycle from excavation of the emplacement drift up to
transport of the POLLUX cask indicates that the time currently required is about 2.5 days. If
the drift is excavated simultaneously from both ends then all the POLLUX casks in a drift can
be retrieved in less than one month. With the drift being open for such a short time, retrieval
will not be severely impaired by drift convergence and rock fall.

The presently pursued repository concept for the potential Gorleben repository assumes
disposal of 2540 POLLUX casks with spent LWR fuel elements, which have a burn-up of
45 Wd/tHM and cooling times of 30 years after discharge from reactor and which are subject
to Safeguards, in 11 drift emplacement fields at a depth of 870 m in the north-eastern wing of
the salt dome. Based on the current state-of-the-art, it was investigated whether it is
technically feasible to retrieve these fuel elements during the post-operational phase and, if so,
what expenditure of time and labour is required. Indications can be derived from this analysis
of whether Safeguards monitoring is also necessary during the post-operational phase of a
repository.

The basis for the study was an analysis of the situation in the salt dome after emplacing
the radioactive material. It was examined whether the temperature and stress conditions in the
salt dome are so unfavourably changed by the emplacement of heat-generating, radioactive
mate-rial that a retrieval is made significantly more difficult or prevented. With the current
state-of-the-art of mining, maximum rock temperatures of approximately 100°C can be
controlled.

By means of temperature field calculations, the development of the maximum
temperatures, the temperature propagation as well as the temperature gradients after starting
radioactive material disposal were investigated and possible points of access and times for a
retrieval were identified. As already mentioned above, it became apparent that the first two
POLLUX casks (of 2540 POLLUX casks at all) have already cooled to below 100°C forty
years after the start of emplacement, i.e. during the operational phase. Ten years later
(50 years after start of emplacement) the number of POLLUX casks cooled to below the
temperature limit has already increased to 60, i.e. about 2.4%, with the lowest temperatures
occurring at the projecting corners of small emplacement fields in edge or isolated positions
which were filled first. One hundred and fifty years after beginning of emplacement, approx.
500 POLLUX casks (nearly 20%) have already cooled to below 100°C in the repository. After
1000 years, the temperatures no longer exceed 100°C anywhere in the emplacement area.

Thermomechanical calculations for a small emplacement field 50 and 150 years after the
beginning of emplacement have indicated that the temperatures in the vicinity of the emplaced
material remain below the temperature limit of 100°C required for mining operations and that
neither the rock stresses nor the drift convergence rates exceed the stability of the rock salt.
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An analysis has revealed that direct access provides some slight advantages in time
(17.5 months) and effort (specific labour expenditure is more favourable up to a retrieval
quantity of 20 POLLUX casks) for the retrieval in comparison to indirect access. However,
safety risks arise from sinking shafts directly into the hot emplacement regions of the less
stable, heated older halite. There, high convergence rates and possible cracking owing to
thermomechanical stresses can be expected and thus the technical feasibility of this diversion
path is doubtful. In contrast, the technical feasibility of indirect retrieval can be regarded as
given. Furthermore, in the case of direct access the ventilation and operation conditions are
much less favourable and the number of retrievable casks is severely limited. Because of the
large shaft drilling and hoisting equipment required, the probability of detection is very high
for both methods. Only retrieval with the aid of a new mine is therefore meaningful for a
potential diverter. Using this diversion method, the time required to retrieve the first POLLUX
cask would be approximately 19 months at least.

In order to analyse retrieval in detail, the underground workings for a hypothetical
retrieval mine were planned. Since most of the retrieval mine will be excavated in an unheated
or only slightly heated section of the salt dome, use can be made here of conventional mining
engineering. Ventilation technologies have been developed for mines at great depths with high
ambient temperatures, enabling temperatures of up to 100°C to be controlled in the hot
retrieval areas. Maximum air temperatures of 50 or 70°C are permitted in the cross-cuts and
retrieval drifts in order to limit loads on the rock in the drift walls. These temperatures can be
handled without difficulty by using appropriate cooling machines as well as protective suits
and air-conditioned operator cabins.

Selective cut heading machines and front-end loaders designed for air temperatures of
70°C are already in use today for drift advance. It is technically possible to design them for
even higher ambient temperatures. The heading machines achieve high extraction rates
permitting rapid drift advance, important in hot retrieval areas to keep the times short during
which the drifts are open. All the machines can be remote-controlled for use in unsafe or
particularly hot regions.

In the case of high convergence rates, the drifts can be reamed by roof milling tools. If
excessive rock fall occurs, a drift can be secured by installing a combined roof bolt and wire
netting structure. The corresponding roof bolter and setting devices can be directly mounted
on the heading machine.

A possible retrieval cycle for a POLLUX cask was investigated from the operational and
time aspect.

The cycle starts with excavation of the retrieval drift up to the first cask by a narrow
selective cut heading machine. The barren rock is transported by a frontend loader to a belt
conveyor in the cross-cut, in an operation which is largely simultaneous. The heading machine
subsequently drives around the POLLUX cask on all sides leaving a salt jacket around the
cask. Removal of this salt jacket, uncovering the lifting trunnions, and cleaning of the drift
floor can be performed by remote-controlled manipulator systems equipped with an impact
rammer and a bucket. If necessary, the drift can be protected against rock fall by a combined
roof bolt and wire netting structure. Subsequently, a mobile gantry crane loads the cask onto a
transport vehicle which conveys the cask to the shaft. The length of the ventilation air ducts
and dust extraction system can be adapted in parallel to drift advance.
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All the work required for a retrieval can be performed, for ergonomic and radiological
reasons, with remote-controlled machines.

The time required for the retrieval cycle (of one cask) will be approx. 2.5 days. All 19
casks of a drift can be retrieved in approx. 1.5 months by working in four shifts. This
operating time can be reduced by half if the emplacement drift is simultaneously excavated
from two sides.

If the retrieval drifts are kept open for such short times, even high convergence rates or
any possible rock fall down to a few centimeters do not impede retrieval.

5. UPSHOT

The investigations performed show that it is possible to retrieve POLLUX casks with
current technology if the temperature limit of 100°C is not exceeded. Such temperatures can
currently be dealt with by mining engineering measures. The first casks below this
temperature are found 40 years after the start of disposal, i.e. still during the operating phase.
Since retrieval in the post-closure phase is only possible with the aid of a new mine, the time
required is very high and amounts to approx. 19 months for the first cask. The technical and
financial expenditure for a retrieval is probably in the same order of magnitude as for
establishing the repository. The large-scale shaft drilling equipment required as well as the
above ground infrastructure necessary during the operating phase of the retrieval mine,
comprising two shaft winding towers, machine house, energy and water supply, workshops,
stores, connection to the traffic system etc. make an undetected retrieval of disposed of fuel
elements impossible. The transportation and storage of large quantities of salt are also easy to
detect by above ground surveillance.
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QUESTIONS (Q), COMMENTS (C) & ANSWERS (A) AFTER THE PRESENTATION

Q: What could be the maximum temperature within the repository at any time of these first
hundreds of years?

A: At the unloading of the fuel elements and putting them into a POLLUX cask, the
maximum temperatures could be over 400°C, but in a repository the temperature is limited to
200°C, when they are emplaced, at the border between wall and cask.

Q: You say that, in case 2, that the material has been disposed of practically irrecoverable.
You are using the IAEA "safeguards removal terminology". Also, in the paper you are talking
about safeguards, so maybe you should consider whether you should be changing this word.

A: There is a quarrel about these items. I mean "practically not recoverable without
detection".

Q: The question is, again, whether it is practically irrecoverable or not. How do you define
practically irrecoverable, when there are thousands of tons of uranium and hundreds of tons of
plutonium in a closed repository. The materials that have been stored there, have much more
better quality than material in a mine, which we all know it is "recoverable".

A: I said in my speech that it will be recoverable, but that the effort and expenditure is so high
that it cannot be a hidden activity. I know there is some constraint and some difference to that
what the Agency defines as practically irrecoverable.

Chair: May I ask you a question where I saw a kind of discrepancy in your paper. On the one
side you say you can retrieve, for that you must keep temperatures up to a maximum of
100°C. Then, in another paragraph, you say that you need at least a thousand years to cool
down the salt/canister interface to 100°C, so there is a gap in time where you cannot recover.
Is that the right conclusion or can you elaborate on that?

A: Part of the casks can be retrieved very shortly, but where they are concentrated, the
temperature is too high and will only decrease with time. So you cannot retrieve all at once or
in the nearest future. The amount is increasing with the time and after 1000 years you can
retrieve it all.

Chair: With this temperature?

A: Yes.
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Chair: So there is no full retrievability?

A: Now, and in the next 150 years there is no full retrievability. After 150 years, there are
500 casks retrievable and after 1000 years they are all retrievable.

C: I would like to go back to the important distinction about the prolonged pre-closure stage,
or prolonged waiting period until you take the next step of pre-sealing or something like that.
I think you indicated, and I agree with you very much, that a prolonged step can have risks and
those risks must be taken into account. What I would like to also point out is that very often
when you take the decision not to go on to the next step by refilling the tunnels, there is a
judgement, that the change of retrievability at that time, or rather the cost of retrieval, will
perhaps be unacceptable and therefore you wait a further period until you have built up your
confidence that this is a good step. If you know that this is a good step you do it perhaps at
once in order to avoid this problem between closure stages. That, I think, is very important.
There is a distinction between the issue of retrievability and the balance between each of the
steps, what requirements, what safety arguments you must have in order to take the steps.
Prolonged operation is very often an answer to uncertainty in performance. Perhaps we should
not mix them too much, we should keep them very much apart, the prolonged operation is a
consequence of an earlier uncertainty, but not a question of retrievability as such, retrievability
in principle only.

A: I mean operational phase from the point of safeguards. The operational time of a repository
is the time of emplacement and the time of dismantling, of decommissioning. Both together
are the operational period of a repository from the point of view of safeguards. We have to
distinguish between the operational phase of a repository, and the closed phase of a repository,
the post-closure phase. They are two different things, because in a post-closure phase the
repository is closed and retrievability would be much more difficult than before.

Q: You mentioned higher radiation exposure to the inspectorate and the operator. I wonder if
you were talking about handling inside the geological repository where everything will be in a
POLLUX cask. We have been told that these casks are heavily shielded, that you can even
touch it by hand. So, from where does this radiation come? You also mentioned the
expenditure for safeguards. Can you give an estimate of what percentage of money, of your
total money, is planned for safeguards?

A: I cannot answer the last question, it is too early. You cannot minimise the radiation
exposure to zero, that will never be, I agree with you. But you know the discussions we have
in Germany with the public. This will be an issue in Germany, maybe not in other countries.
To the first question: the neutron radiation cannot fully be kept back.
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