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Evolution of a geological disposal facility for radioactive waste
in domal salt




RADIOACTIVE WASTE

Waste families in the Dutch
inventory considered in here and
their relevant containers and
canisters in which the waste is
stored. There are two types of waste
namely low and intermediate level
waste and high level waste.
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REPOSITORY

The figure on the right illustrates the layout of
disposal facility: LILW—(TE)NORM is disposed
on the upper level, and HLW on the lower. A
spiral ramp connects the two, with
infrastructure areas on both levels. Three
shafts link the repository to the surface—two
for ventilation and one for transport.
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For a repository in rock salt, the undisturbed host
rock is impermeable. The only pathways for
radionuclides to reach the overburden and
biosphere are through the repository’s tunnels and
shafts.

Here, multiple engineered barriers are used. In the
short term, these include the disposal overpack,
the waste form, and the shaft and drift seals. In
the long term, the primary barrier is the granular
salt backfill. This material is expected to become
impermeable over time, although the duration
required for it to reach this state remains
uncertain.
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Safety assessment:

In a safety assessment, the safety of a GDF is demonstrated
over long (geological) periods and can be used to optimize the
design of a GDF using numerical models. Typically periods are

up to one million years.

The challenge

Create a model that runs relative fast and takes into account
the major processes. One specific challenge was going from
unsaturated to saturated conditions.
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Temperature (°C)

MODEL 1D R

-500 +

-1000 +
To calculate the steady state temperature, the following

equation is solved using COMSOL:
-1500 +

Py, _
§+V (pu) =0

Depth (m)

-2000 +

The results of the 1D thermal model are shown on the right. 2500 1
The temperature at the lower level of the repository is
expected to be 20 °C. Note that this value strongly depends
on the thermal conductivity used. This is used as input
parameter for the 3D thermal model. Note that both the
thermal conductivity and capacity depend on temperature -3500 4+

-3000 +
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MODEL 3D

After the repository has been constructed, the waste has been emplaced,
and it is finally closed, the heat-generating waste begins to warm its
surroundings and consequently affects the compaction of the granular salt
backfill. To calculate the change in temperature, the following equation is
solved again using COMSOL:

Py, _
§+V (pu) =0

Note that we have added the heat generating waste as a heat flux to the
model. The heat flux is based on calculation on how much they expect to
produce through time.
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MODEL 3D

Maximum Temperature (°C) Disposal Tunnel
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The maximum
temperature is reached
after about 11 years,
before decreasing again.
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MODEL 2D

Having determined the temperatures, the next step is to calculate the
compaction of the granular salt backfill. While performing this calculation in a
3D model would be ideal, it is computationally very expensive. Therefore, a
2D plane model was used. The temperatures were extracted from the 3D
model by defining cross sections on a work planes and then obtaining the 2D
plane temperatures through linear extrusion. In this model, Richards’
equation is solved within the repository, while Darcy’s law is applied in the
overburden. Equations solved:

p(% + SeS)%g +V. p(—%kr(vl’ + ngD)) =

J _
57P8) + V-(pu) = @,

Depth
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Porosity(-)
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Temperature does influence compaction, as we expected. However, the effect is greater than we initially
anticipated, mainly because the temperature is higher than expected.

Since compaction occurs more quickly, it is expected that the HLW will be encapsulated by the salt in less than
200 years.

The next step is to add radionuclide transport to the 2D model in order to calculate how far the radionuclides
can travel. Based on previous results, where the temperature was kept constant, the distance is likely to be

small.

Building additional nuclear power plants or starting disposal at an earlier stage will only increase the heat in the
repository and therefore will not have a negative effect on safety. On the contrary, it may even improve it.
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