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Introduction 

Based on a selection procedure whereby ten existing mines had been taken into 
consideration, the Morsleben repository for radioactive waste (ERAM) was built in a 
former mine for potash and rock salt production. The specific concerns and objectives of 
a repository for radioactive waste could not be taken into account when the mine was 
built at the beginning of the last century. 

Irrespective of this, altogether about 37 000 m3 of low-level and intermediate-level 
radioactive waste was stored in several areas of the mine between 1971 and 1991 and 
from 1994 to 1998. In the scope of the ongoing licensing procedure, the safety of  
the “historically grown” repository needs to be demonstrated for the phase after it has  
been sealed. 

Contents of the proof of long-term safety (“safety case”) 

In the safety case for the ERAM (Wollrath, 2008, 2009), it has to be evidenced that no 
harmful effects for the biosphere need to be feared for the long term. For this purpose 
and on the basis of today’s knowledge of the site and its possible development, a safety 
concept has been developed and evaluated with the help of which the requirements are 
to be fulfilled. Natural analogues, model calculations, laboratory and in situ tests and 
different forecasting techniques will be applied for the necessary, comprehensive safety 
demonstrations, which will also have to take into account the unavoidable uncertainties 
and knowledge gaps in terms of the site conditions and the long periods under 
consideration. 
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Systematic approach 

In a systematic approach, the first step is to describe the site with the stored waste in 
detail. Apart from the description of the actual state and the possible developments of the 
site to be derived from this description, a repository concept also contains the technical 
components whose characteristics are to ensure the long-term retention capability of the 
geological and geotechnical barriers. For the ERAM site these are in particular the 
supporting effect of the backfill and the hydraulic resistance of sealing structures. The 
supporting backfill serves to maintain the integrity of the geological barrier in order to 
prevent for the long term an inflow of solution from the overburden. In case a significant 
inflow of solution should nevertheless occur, sealing structures are constructed with the 
objective to delay the contact between the solutions flowing into the mine cavities and 
the waste for as long as possible. 

The major part of the periods of time considered in the long-term safety assessment 
cannot be measured and are thus not objectively verifiable. Therefore, the understanding 
of the system needs to be developed to the extent that the system behaviour for the long 
period of time under consideration can be forecast with sufficient accuracy on the basis 
of today’s knowledge and measurements. 

For the decommissioning of the ERAM – as with other repository projects – detailed 
planning and the developments in structural engineering have been made parallel to the 
development of the safety case. Therefore, input parameters are needed for calculations 
which are available already at an early planning stage, in order to implement the first 
estimations of the system behaviour and to build up an understanding of the system. For 
this reason one is forced to start planning based on plausible assumptions, the reasons 
behind which must be documented in the safety case. 

ERAM is a complex system with non-linear system behaviour. Because of that, it 
cannot be determined in advance for each parameter used in the safety assessment how 
its modification will affect the overall system behaviour. Therefore it follows that it is 
often not possible to determine exact requirements on individual components of the 
decommissioning concept and thus on individual parameters in order to derive the 
success or failure of the safety case. It is therefore reasonable to carry out probabilistic 
model calculations – in addition to deterministic calculations – in which the parameters 
vary within defined ranges, in order to then be able to evaluate the resulting effects. 
Especially for the ERAM, the studies on system behaviour have shown that uncertainties 
and resulting weaknesses in individual components are compensated by the resulting 
reaction of the overall system. Thus, based on the safety concept, a decommissioning 
strategy has been developed that represents a robust system in terms of its retention 
capability for the disposed radionuclides. 

Proof relating to geotechnical barriers 

In the scope of the safety case, evidence of the sealing structures’ functionality needs 
to be furnished, in addition to the proof of the salt barrier’s integrity. The following 
statements are restricted to the first proof. 

In the decommissioning concept, the sealing structures take over the function of 
delaying the contact between solution and waste for as long as possible in case of a 
relevant inflow of solution. As it cannot be reliably forecast whether an inflow of solution 
into the mine cavities will occur and, if so, when it will occur and at what rate, and what 
the composition of the solution at the sealing structures will be, solely the initial state of 
a sealing structure built according to plan can be measured (Mauke, 2013) and used for 
the furnishing of proof. With the help of suitable forecast models the characteristics  
of the sealing structures have then to be forecast location-specifically for the period 
under consideration. 
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However, the following considerations should be weighed in the determination and 
interpretation of the processes and parameters used in these forecast models: 

· Forecast reliability is significantly influenced by input parameter quality. 

· The structures’ characteristics can be influenced by the measuring equipment or 
the measurements themselves. 

· The target value for the parameters to be determined is frequently in the range of 
the limits of detection of the measuring systems used. 

· Within a realistic period of measurement, no stationary behaviours are yet to be 
expected. Therefore the extrapolation quality is subject to uncertainties. 

· Not all possible system states (e.g. increase in pressure with different, particularly 
slow rates, corrosion effects in the case of different compositions of solutions, 
influence of saturation,…) can be simulated in situ. 

Taking into account all these aspects it becomes clear that the measurements gained 
in the scope of in situ tests contribute essentially to the understanding of the system and 
thus also to the improvement of forecast models. A direct evaluation of the functionality 
or, respectively, confirmation of originally made model assumptions is only reliable after 
a comprehensive interpretation has been carried out. As a key component, the discussion 
of the interpretation results has to be taken into account in the documentation of the 
safety case. 

Iterative approach 

Ultimately, deviations from the assumptions originally taken into account in the safety 
assessment may result from the outcomes of the exact planning of the decommissioning 
measures and the in situ tests performed. Then a decision needs to be made as to whether 
account must be taken of these deviations by modification of individual elements of the 
decommissioning concept or by adaptation of the safety assessment, or both. 

Figure 1: Sketch of the iterative approach 
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Example 

A result of the detailed planning for the safety demonstrations relating to the ERAM 
sealing structures is given as an example. To provide redundancy for the case which 
cannot be ruled out completely that solutions from the overburden migrate into the 
mine, sealing structures are to be built at 22 locations. In the safety demonstration by 
way of calculation for these sealing structures, the geological conditions are a key input 
variable. For concept planning, evaluations from rock-mechanic modelling were used to 
derive input parameters for the sealing structures, to prove the suitability for use and  
to determine the structures’ characteristics for a representative sealing structure. These 
results are contained in the safety case. Once the individual locations had been made 
accessible, the rock characteristics were examined by additional measurements in the 
scope of the detailed planning. It showed that at some individual locations the measured 
rock characteristics deviated from the original assumptions. 

The BfS is currently working on adapting the construction engineering works for the 
sealing structures and the related safety demonstrations to the currently known 
information of the individual locations. Following this, it must be evaluated whether the 
entire safety case has to be adapted to the new findings. That is the case when key 
assumptions relating to the sealing structures’ system behaviour are no longer in 
compliance with the fundamentals of the safety case. 
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