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1. INTRODUCTION

Retrievability of radioactive waste from a repository in geological formations has received
increasing attention during recent years. It is obvious that this retrievability will have
consequences in terms of mining engineering, safety and cost. The purpose of the present
study is to evaluate cost consequences by comparing two extreme options for retrievable
storage. One option is a storage site where the waste is placed in suitable overpacks in tunnels
with only these disposal tunnels backfilled in order to have a minimal safeguard and to
guaranty the flow of the decay heat into the surrounding rock. The other option is a disposal
site where all tunnels, galleries and access shafts will be backfilled and sealed after the waste
has been placed in overpacks in disposal drifts. In this case remining from the surface will
be required once the retrieval has become necessary. In order to asses the cost of an
underground disposal facility it is necessary that a detailed planning of this facility is
available. This planning can only be made once a general lay-out of the underground structure
has been chosen. The selection of this lay-out in its turn is dependent on the methods of
mining for the different host rock types and on the method of storage and retrieval of the
waste. The geological formations which are found to be suitable for the disposal of high level
waste within the member states of the European Union are clay, granite and rock salt. The
above mentioned cost assessment has therefore to be executed for each host rock type and for
a scenario where all fuel will be reprocessed as well as a scenario where all fuel will be
directly stored. The actual status of the project is presented in [1]. In this paper the impact
of the retrievability on the design of the repository will be handled.

2. PRINCIPLES AND ASSUMPTIONS

In this chapter the assumptions used as a starting-point for this study are stated. General
assumptions used for the study are that only proven technology will be used and the use and
application of Western European conditions. Further only the assumptions and principles
which are common to all three host rock types will be stated here. Host rock specific items
will be dealt with in each specific chapter. The cost of a repository will depend upon the
amount of waste which has to be stored annually. In order to have a scenario for the waste
produced which can be compared with other publications, a standard nuclear power plant park
has been used. The amount of waste is based on 20 GWe installed nuclear power (in standard
LWR NPP's) operating for a period of 30 years. This hypothetical nuclear power park can
be considered as an average for the EU member states.
Since the amount of medium active waste originating from the operation of the nuclear park
and the way in which this waste will be available is uncertain, only the high active waste will
be taken into account. For the case where all waste will be reprocessed the annual quantity
of vitrified waste containers is taken from [2]. The amount of waste for the case where all
spent fuel is stored directly the number of fuel elements is taken from [3].
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2.1 Waste
To enable retrievability over a sufficiently long period and with sufficient safety, the waste
must be stored in such a way that at the moment of retrieval no radioactive contamination of
the surrounding rock has taken place. This means that the waste must be protected against the
rock pressure and that, at the moment of retrieval the level of the radiation at the outside of
the protective package must be such that labour in the immediate vicinity of the package is
possible. A thick walled cylindrical container, similar to the German Pollux container [4] has
been assumed to satisfy both requirements and has been used as overpack in this study. The
Pollux container has originally been designed for the storage of spent fuel, however also a
design adapted to accommodate vitrified reprocessing waste containers has been developed.
For the different disposal options the amount of waste and the time from discharge from the
reactor to disposal are as follows:

Reprocessing
As stated in [2] the 20 GWe installed power leads to 450 glass canisters annually. Due to
thermal and radiation requirements 6 glass canisters can be sealed in one container [4] and
hence the annual number of containers to be stored is 75. With regard to the time schedule
it is assumed that the waste is reprocessed 3 years after discharge from the reactor and that
vitrification takes place one year after reprocessing. Furthermore it is assumed that the
vitrified waste will be cooled in interim storage for a period of 30 years.

Direct disposal
In case of direct disposal of the spent fuel, the 20 GWe installed power leads to an annual
number of 163 containers [3]. This number is based on storage of the rods and compressed
structural material of eight fuel elements in one container. The time plan for this storage
option is based on 6 years storage at the reactor followed by a further 4 years storage prior
to preconditioning. After this preconditioning the elements are stored for another 23 years
prior to final conditioning and transport to the repository.

2.2 Geological and hydrological model

For each of the three host rocks considered, a short description of the formation as well as
the geological and hydrological model will be given. No specific site has been selected for
this study and hence minimum requirements are given in this part. The models will be reali-
stic models of formations which can be found in one or more of the EU member states [5].

Salt
A salt dome type formation has been selected as a mining model. The following geometric
data have been assumed:

length 8 km
width 3 km
depth salt-dome top 300 m
depth salt basis 2.5 km

Assumed is an adequate volume of good quality salt suitable for waste disposal. The water
in the salt may either be "free", in the form of brine inclusions or "bound", in the form of
crystal water mainly found in magnesium minerals. The total water amount is about 0.02 %
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by weight. The rock salt has a porosity below 1%, although values ar. high as 10% occur near
the edge of the deposit. The pore space is generally not connected, but is in the form of
independent brine bearing cavities less than about 2 mm in diameter. The hydraulic
conductivity is unmeasurable low, and hence salt may be considered as impermeable.

Clay
The deposit selected is a single thick clay layer of tertiary age with the following geometric
dimensions.

Area 250 km2

Top clay layer 250 m
Bottom clay layer 400 m

Sedimentary formations, both on top and underlaying the clay are water bearing. The porosity
of the clay is 35%, while the water content is 20 % by weight. There is a downward hydraulic
gradient of 1-2 % across the clay layer, so downward seepage through the clay must be
considered. Permeability of clay is less than 0.1 Darcy. Therefoire significant water movement
can not be expected. Flow rates through the clay formation have been shown even lower than
those defined by Darcy's equation.

Granite
The granite formation selected has the following dimension:

Length
Width
Top granite
Bottom granite

20 km
5 km
surface
below 1500 m

As aquifer a 50 m deep zone is considered. This zone consists of a weathered zone of high
porosity (2%), but low transmissivity, and a thin layer of fractured granite which has relati-
vely high transmissivity. At greater depths the permeability strongly decreases. At a depth of
500-1000 m the permeability is in the order of 1 Darcy and tHe porosity is 0.06%.

2.3 Technological and mining assumptions

Shafts
Access to underground workings is by means of two shafts. The shafts will be used for
personnel, transport of equipment, mined material, backfill material, waste containers and
ventilation. For safety reasons there has to be a separation between waste transport and
personnel transport during waste emplacement. The next division is made:

Shaft 1 Shaft 2

development phase equipment/personnel equipment/personnel
mined material

emplacement phase equipment/personnel waste containers
backfill material
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With this concept shaft 1 is the downcast ventilation shaft while shaft 2 is with upcast. The
main reasons for this way of ventilation are:
• Heat from the incoming radioactive waste is not influencing the whole mine

ventilatien.
• When a container is leaking or when an accident happens the contaminated air flow

is not passing through the workings.

In the current disposal concept the heaviest load to be transported will be the waste container
of 60 tonnes on its transport vehicle estimated at 25 tonnes. Therefore the hoist capacity of
shaft 2 will be 85 tonnes. Shaft 1 is designed on a 25 ton capacity. For both shafts a multi
rope Koepe hoist will be used as hoist installation.

Mining equipment
To develop the mine for the individual host rock formations different mining equipment is
required. During emplacement and retrieving of the hot waste containers, the equipment has
to meet special requirements such as:
• Special lubricants will be needed because of the heat max 90°C.
• Cooling installations may be needed.

Ground control
Ground control will be of most importance in the clay option. Salt and granite are stable
respectively very stable host rocks. For the repository in clay all underground facilities will
be concrete lined.

Mine water control
Water in a geological formation may come from three main sources, viz.:
• Groundwater flow.
• Water bound to the minerals of the rock and interstitial water.
• Trapped water such as brine pockets.

In a rock salt deposit, water in general is only present in the latter two forms and hence no
special precautions have to be taken. In a clay formation the hydrological balance is very
important, and the liner which is needed for the support of the tunnels has also to be designed
as a watertight barrier. In a repository in granite, the planning and lay out of the mine has to
be such that mine water is accounted for. The mine water will be collected in sumps.
Pumping stations will be required to pump the water up to surface.

Underground climate
Mine ventilation normally provides a working climate of underground fresh air at reasonable
temperature and humidity while contaminated air, excess heat and humidity are removed. In
a normal mining situation heat and contamination of the following sources has to be dealt
with [6]:

adiabatic compression of incoming air
• rock heat
• electric machinery and equipment
• diesel fuel consumed
• heat from workmen
• heat from groundwater
• oxidation and other chemical processes.
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In the case of HAW disposal, ample fresh air and if necessary even cooling power must be
supplied to remove heat from the waste containers during the emplacement, storage and
retrieval phases.

Assumptions:

• Wet bulb temp in human-work areas should be no more than 28 °C. Efficiency drops
above that until no work is done at wet bulb temp of 32 °C.

• Air velocity for human working conditions should be kept under 322 metres per min.
Higher velocities become annoying or unworkable.

• To gain maximal possible efficiency the emplacement drifts should be smooth bored
tunnels, with simple curvilinear arrangement, to reduce friction and pressure losses.

• To handle a radioactive spill of unpredictable type a simple ventilation system and
area separation are necessary. Adequate filters on all exhaust airways are required
even though they will add to the horsepower load.

• As a general rule the design should provide clean outside air to the area where people
are working, with suction fans in the exhaust airways.

3. RETRIEVAL OF THE WASTE

In this chapter the expected problems of retrievability in deep underground mines will be
discussed. Solutions together with some general ideas for these problems are given whereafter
some retrieval methods are stated. These methods will be compared and finally one will be
selected, to apply in this study.

3.1 Expected problems

For a proper selection of a retrieval method the problems which can be met during the
retrieval operation are identified in the following paragraphs.

Heat
For human entry, air temperatures > 32 °C are not allowed for to work in and around 120 °C
equipment begin to require exotic materials and fittings for such items as hoses and tires.

Gas outburst
Due to compaction of the backfill, air can be locked and get highly pressurized, which can
create outbursts while retrieving. Other sources of pressurized gas are corrosion gasses or
steam from heated brine pockets. In salt the brine pockets migrate to the heat source because
the solubility of warm water is higher. Therefore on the side of the heat source salt is
dissolving while on the other side salt precipitates. The brine is moving towards the container.

Creep and rock stability
The retrieving method can influence stability of the storage tunnels. Problems can occur after
retrieving the heat source, when the rapid cooling can lead to instability. Especially the intro-
duction of cool ventilating air during re-entry of the storage tunnels may trigger further roof
collapse due to expansion or contraction of various geological constituents. Heat built up in
rock, moisture from the ventilation system, and other factors can adversely affect ground
support systems, creating loose slabs in roof and walls.

« • i
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Leakage of waste container
Although the waste containers are supposed to stand 300 years storage without a problem, it
should never be neglected that leakage can occur.

Localization of waste container
Once the emplacement drifts will be backfilled, there is no visual contact any more.
Especially in the re-mining option localization of the buried containers is of big importance.

General safety against radiation.
During emplacement and retrieval labour in the vicinity of the container is unavoidable, and
the possibility exists of contamination of the exhaust air stream.

3.2 Solutions and ideas

Possible solutions and methods to overcome the above listed problems are given now:

Heat
• Freezing method as known in shaft sinking operations.
• Cooling by normal ventilation or with the help of underground cooling devices.

Personnel cooling, ice jackets.
• Use of special equipment for example high temperature lubricants, special cutting bits

and air-conditioned vehicles.
• The use of remote control equipment in retrieving operation.

Gas outburst
Detection by radar and/or small pilot boreholes.

• The use of remote control equipment in retrieving operation.

Creep and room stability
• To prevent thermal shock, which can enforce instability, controlled cooling before

retrieval can be realized by underground cooling machines.
• Mining support methods, rock bolts etc.
• Use of liners in storage tunnels.

Leakage of waste container
• Continuously monitoring of the ventilation on several points.
• Opportunity to stop retrieval operation and to isolate the container.
• Before actual retrieving an exploration drilling close along the container.
• Independent retrieval process, not a lot of other containers should be irretrievable

because of one leaking container.

Localization of waste container
• With the use of radar.

With the use of sonar.
• Using physical or chemical properties of the backfill which are different from those

of the parent rock.
• Mechanical methods, as for example a chain connected to the container which can be

followed.
• Well kept accurate mine plans and surveying.
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Safety
Use simple and proven mining methods. No high tech or operation with any uncertain
factors should be used while retrieving.

• Keep duration of operation both during emplacement and retrieval as short as possible.
• Continuous monitoring of temperatures and radiation levels.
• In emergency cases there should be safe escape roads to evacuate underground

personnel and a possibility to isolate the area.

3.3 Actual retrieving

Based on above mentioned points of attention a number of retrieval methods has been
evaluated here. No distinction has been made between the different host rocks. Only general
retrieving methods will be given and discussed.

Core drilling
The principle of core drilling originates from the exploration field. This method can be
considered as proven technology for smaller sized boreholes.
The method of core drilling has been used mainly for exploration drilling in smaller holes.
An expected problem is the high weight of the core containing the waste container in the final
stage of the drilling operation and the removal of the container from the inside of the drilling
machine. The personnel safety and the heat will be no major problems since the operation can
be done from within closed cabins on the machines.

Ordinary mining
Using a road header the container can be cut free from the backfill on all sides and over a
length depending on the boom length.
With the use of road headers as existing today the container can be made free from the
surrounding backfill. Since the accuracy of the operation is limited the risk of damage to the
container is considerable or manual work has to be executed in the high temperature area.

Double overpack
The waste container can be placed in a separate container capable of resisting the rock
pressure. In case of retrieval the outer container is cut open and the waste container removed.
For safe underground transport the waste must be protected by a radiation shield after being
retrieved from the disposal container. Since re-packing means an additional risk, this method
means that a double shield is required. The outer container must withstand the rock pressure
and the inner container functions as a radiation shield during the underground transport to the
disposal site in case of disposal or back to the surface in case of retrieval or remining. Since
in the other options the function of radiation protection and mechanical integrity are
combined, this container cutting option requires more construction material underground.
Moreover the operation of opening the outer container will be hard to perform from protected
cabins.

Over tunnelling
A new tunnel will be mined above the level of the storage tunnel. At the site above the waste
container a pit is made and the container is cut free from the surrounding backfill from above.
Subsequently the container is hoisted into the new tunnel by a mobile crane and placed on
a transport vehicle.
Mining a new tunnel above the original storage gallery means that no use will be made of the
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favourable properties of the backfilling medium. Especially in granite this means mining in
the hard host rock, and in the clay option the remains of the support structure for the original
tunnel may cause problems. The method can be fairly good executed from closed equipment.
The process of liberating the container from the backfill and attaching it to the hoisting device
means unprotected manual labour in the hot area.

Drilling and pulling
The container is approached using the original storage gallery using an ordinary road header.
Once the head of the container has been made free, a special drilling tool removes the backfill
around the upper part of the container. After that the container is pulled on a transport
vehicle.
For this method a special drilling device has to be developed, however al the components of
this device can be considered as proven technology. The container has to be placed on a small
console and after the removal of the surrounding backfill can be easily hauled on a transport
vehicle. The complete operation can be executed from within a closed cabin.

Based on cost comparison the methods of over tunnelling as well as the double overpack have
been rejected. From the methods using the favourable properties of the backfill the core
drilling method is expected to give the most technical problems and hence for this study the
method of drilling and pulling has been selected.

4. MINEPLAN FOR A SALT DOME

4.1 General mine lay out

The general lay out of the underground facilities is based on storage of the waste in tunnels.
The actual storage tunnels will be dead ended and will be backfilled as soon as emplacement
is finished. The storage tunnels will be mined from a system of main and cross galleries
which will form a closed circuit for ventilation purpose. The general lay out of the under-
ground facilities in a salt dome is represented in Figure 4.1. Initially the two shafts will be
sunk from where exploration drillings will be made in the planned direction of the main
galleries. When satisfying conditions are met, access to the storage areas by the main galleries
will be created. During development continuous exploration from the face will take place. The
development of the main and cross galleries will be such that closed ventilation circuits will
be created as soon as possible. This means that a cross gallery will be driven as soon as the
two main galleries at both sides of the mine are advanced to the location of this cross gallery.

The main function of shaft 2 is the transport of waste containers, mined material and air
outflow. It is designed on a 85 t capacity, with a 8 rope Koepe installation and counter-
balanced. Shaft 2 is also supplied with an independent emergency cage. Since world wide no
experience exists with hoist capacities of this magnitude, the DBE (Deutsche Gesellschaft zum
Bau und Berrieb von Endlagern fur Abfallstoffen) is investigating on a 1:1 model. No major
problems are foreseen for developing such a high capacity installation.

4.2 Storage of waste containers

In this chapter the emplacement of the waste containers will be described including
equipment used and personnel needed. The logistics of emplacement and the required safety
measures will also be explained.
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Figure 4.1 Lay-out of a repository in rock salt.

Emplacement
In order to minimize the shaft transport of mined salt, the storage of waste containers will
start before the complete development of the mine. This procedure makes it possible to use
the salt which is mined during further development of the mine as backfill material for the
disposal tunnels with waste containers.
The containers are hoisted by heavy cranes on a special transporter and are carried on rails
to shaft 2. On this transporter they are brought underground, where they will be hoisted on
a special designed crawler track vehicle. This vehicle is equipped with a hydraulic lifting
installation in order to lower the container on a small socket once the storage location is
reached.
For the purpose of retrievability it is of paramount importance that the exact location of the
container is known. Therefore after emplacement the surveyors will determine the exact
location of the container, before the backfill operation will take place. Before emplacement
of a new container the gallery will be backfilled to 5.5 metres in front of the container. Then
another container is placed against the backfill resulting in a spacing of 5.5 m between the
containers. This procedure continues until the last container is placed 15 m before the cross
gallery. The storage tunnel will be backfilled from the last container to the cross gallery.

The emplacement schedule is planned in oraer to minimize the risk for the personnel in the
mine. In this schedule ventilation and further development of the mine are taken into account.

The first container is placed in the first developed storage field in the storage tunnel closest
to shaft 2. This means that the ventilation air will heat up in the last part of the mine and that
the distance to shaft 2 of this heated air stream will be as short as possible. Further deve-
lopment of the mine will not be influenced by this heated ventilation. Also in the case of
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leakage, risks for people in the mine are minimal as long as they are not in the main gallery
between shaft 2 and the emplaced containers.

Backfill
As shortly mentioned above, the storage tunnels will be completely backfilled after
emplacement of each container. The backfill consists of mined salt. The backfill is transported
by means of a truck from the salt storage rooms to the emplacement galleries. The truck is
equipped with a pneumatic installation capable of injecting the salt into the gallery behind the
truck.

4.3 Kept and maintenance for the storage option

Until this point there has been no difference between storage and the remining option. From
this point the two methods will be separated and described in different paragraphs.
In the storage case the main and cross galleries will not be backfilled. Hence the main and
cross gallery system will stay in operation and will be kept in working order, ventilated and
monitored for reasons of safety.
As in every salt mine, convergence of the galleries will occur. Due to the heat from the waste
containers, the rate of convergence will be relatively high. Recutting of the galleries every
four years is expected and the road headers used for development of the mine are planned for
this operation.
Further work should be minimized to monitoring and safety controls. A minimum of
personnel should be underground after all waste containers are placed and backfilled.

4.4 Closing and sealing for the remining option

In this option the main and cross galleries will be backfilled with salt after the emplacement
of all the waste containers has been finished. This salt will be pneumatically transported
underground from the salt stock at surface. Working back to the infrastructure area the
complete gallery system will be backfilled. All equipment no longer required will be
transported to the surface and discarded. In order to minimize the risk of development of
corrosion gasses all material from underground shall be thoroughly removed. After that the
infrastructure area will be backfilled working backwards to the shaft area. After removal of
the main hoisting facilities the part of the shaft extending into the salt will be filled with
mined salt. At the location of the top of the salt dome a concrete plug will be installed which
will be grouted into the overburden. The upper part of the shaft will be filled with sand or
clay and at the surface level a second concrete plug will be installed.
All surface facilities will be demolished and removed and the surface area will be delivered
clean.

4.5 Remining

In the case of remining the construction of the mine will be very similar to the development
of the original storage mine. The remains of the original mine are assumed to be no longer
usable and hence a complete new mine has to be developed. The remining therefore will be
identical to the development of the original storage mine. The main difference will be the
higher temperature in the field because of the presence of the heat generating waste. For this
study it has been assumed that no special precautions are required for rock temperatures up
to 50 °C. The lay-out of the original mine will be such that at the location of the main and
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cross galleries this temperature will not be exceeded.
For the planning of the part of the mine up to the development of the storage galleries
reference is made to the planning of the original mine. Once the infrastructure en the main-
and cross galleries have been redeveloped, the situation in the remintng option is again similar
to the kept and maintenance option.

4.6 Retrieval

The method of retrieval has been described in chapter 3. After liberating the container from
the surrounding rock salt it will be hydraulically pulled on a special crawler track carrier and
transported to shaft 2. There it will be hoisted on a rail transport vehicle which will be
transported to surface in the inverse order as the container was brought down.

4.7 Abandonment

After all the waste containers have been brought to surface and removed from the mine area
all equipment and material will be removed from underground. The shafts will be sealed and
all surface facilities will be removed and the surface area will be delivered clean.

5. MINEPLAN FOR GRANITE

The mineplan will be similar to that for a salt dome and some major differences will be
highlighted in the following paragraphs.

5.1 General lay-out

The material mined in the development of the repository can not as such be used as a backfill
medium. Therefore all the material mined has to be transported to the surface and
intermediate storage rooms are not required. In order to minimize the transport distance from
the development ends to the shafts, the lay-out will be symmetrical with respect to the shafts.
The general lay-out of the repository in granite is given in Figure 5.1. In case of a repository
in granite the complete underground structure can be developed before starting the
emplacement of the waste.

5.2 Mine water control

Since granite is assumed to be waterbearing, the mine lay-out will be slightly inclined to the
sump near shaft 2. Pumping facilities will be provided for the removal of the water to the
surface.

5.3 Tunnelling

The development of the mine in granite will be done conventionally using the drill and blast
method. The blast holes will be drilled by a mechanized pneumatic drilling jumbo, drilling
two holes at a time at a rate of 60 to 75 metres per hour. The charging is executed by means
of an electric charger. No blasting will be done once the emplacement of the waste containers
has started.
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Figure 5.1 Lay-out of a repository in granite.

5.4 Backfilling

Bentonite mixed with crushed granite will be used as a backfill medium. The mixture will be
such that the backfill will be significantly softer that the surrounding rock. This implies that
at the moment of retrieval the backfill can be mined using a road header.

6. MINEPLAN FOR A CLAY FORMATION

The mineplan will be similar to that for a salt dome and some major differences will be
highlighted in the following paragraphs.

6.1 General lay-out

Since all rooms and galleries in a clay formation have to be lined with pressure resistant
liners, all underground openings are relatively expensive. Therefore no storage rooms are
planned and all the material mined will be transported to the surface where part of it will be
treated to be used as backfill medium. In order to minimize the transport distance from the
development ends to the shafts, the lay-out will be symmetrical with respect to the shafts. The
general lay-out of the repository in clay is given in Figure 6.1. Since crossings of galleries
are relatively expensive, the lay-out has been chosen such that the number of crossings is
minimised. A second advantage of this lay-out is that the storage tunnels are relatively long
which makes the mechanisation of the tunnelling and lining economically more feasible.

6.2 Ground control

Since clay is a very soft material and the hydrological balance is very important, all
underground rooms and galleries have to be lined. This lining has to fulfil the dual purpose
of restraining the rock pressure and forming a watertight barrier. In this study it has been
assumed that circular galleries lined with concrete will satisfy both requirements.

- Tes
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Figure 6.1 Lay-out of a repository in a clay layer.

6.3 Tunnelling

The development of the gallery system in clay will be done by a modified road header
operating from within a protective shield.

6.4 Backfilling

The backfilling medium for a repository in clay will be the clay mined from the repository
modified for the purpose of backfilling.

7. SUMMARY AND CONCLUSIONS

In this paper some aspects of retrievability on the design of a repository are handled. To
enable retrievability over a sufficiently long period and with sufficient safety, the waste must
be protected. In this study a thick-walled cylindrical container has assumed to satisfy this
requirement. Expected problems with the actual retrieval are identified and several methods
for retrieval are proposed. These are: core drilling, ordinary mining, double overpack, over
tunneling and drilling and pulling. Based on a discussion the method of drilling and pulling
has been selected for the present study. The consequences for the mine lay-out are discussed
for the three host rocks considered.
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6.3 CONSTRUCT ABILITY ANALYSIS FOR A DEEP REPOSITORY - SOME
THOUGHTS ON POSSIBILITIES AND LIMITATIONS

G. Backblom, Swedish Nuclear Fuel and Waste Management Company; B. Leijon, Conterra
AB and H. Stille, Royal Institute of Technology, Sweden

BACKGROUND

Final disposal of high-level nuclear waste has not yet been implemented in any country
today. The concepts under development are all based on geological repositories, i.e.
disposal at a sufficient depth below the surface to provide stable mechanical,
hydrological and chemical conditions during the period the waste needs to be isolated
from man. In the cases where crystalline bedrock is considered, the proposed
repository depths vary between 300-1,000 m.

The construction, operation and sealing of a deep geological repository must meet
various criteria that in many respects are more detailed and more exacting than usual
in underground construction projects today. The work shall be carried out in such a
manner that occupational safety is ensured. The work shall also conform to whatever
restrictions are necessary for ensuring pre-closure operational safety and post-closure
long-term safety.

SKB plans to commence final disposal of the spent nuclear fuel in Swedish crystalline
rock within 15 years. There are already about 1,800 tonnes of spent nuclear fuel at
CLAB, 20 km north of Oskarshamn, where it is being temporarily stored prior to final
disposal.


