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8 - OVERVIEW OF RECENT AND FUTURE WORK ON MATERIAL DEVELOPMENT  
AND USAGE OF CEMENTITIOUS MATERIALS IN SALT REPOSITORIES 

Ralf MAUKE (BfS), Jürgen WOLLRATH (BfS), Nina MÜLLER-HOEPPE (DBE),  
Dirk-Alexander BECKER (GRS-BS) and Ulrich NOSECK (GRS-BS); Germany 

Introduction 

The rock salt and potash mine Bartensleben was selected in 1970 to serve as a repository for 
low- and intermediate-level, mainly short-lived, radioactive waste (LILW). Located close to the 
village of Morsleben approximately 100 km east of Hanover the facility was named ”Morsleben 
Repository for Radioactive Waste (Endlager für radioaktive Abfälle Morsleben – ERAM)”. It was 
designed, constructed, and commissioned between 1972 – 78. Following studies and the 
successful demonstration of the disposal technologies used, the operating licence was granted in 
1981. The disposal of waste was terminated on September 28, 1998. The license for operating the 
repository originated from the former German Democratic Republic and did not include the 
license for the closure of the repository. Therefore, according to the Atomic Energy Act 
(Atomgesetz, AtG), a license application for the closure of the repository had to be prepared by 
the Federal Office for Radiation Protection (BfS) who became the responsible operator of the 
repository after the reunification of Germany in 1990. The licensing procedure for the closure of 
the repository has been initiated. The closure concept comprises backfilling and sealing of the 
underground excavations mainly with salt concrete, a cementitious material.  

Site specific conditions 

Local geology 

The ERAM is located in the structure of the Aller valley zone, named after the small river 
Aller. Tectonically, it is a fault structure, due to extension tectonics, which separates the 
Lappwald block and the Weferlinger Triassic block. Permian evaporate strata intruded into the 
fault zone and accumulated to a plug forming the now existing salt structure. The thickness of 
the salt body varies between 380 m and 500 m. 

The salt body is characterized by an intensive folding of the layers and a high amount of 
anhydrite rocks, such as the main anhydrite (“Hauptanhydrit”) of the Leine-formation (z3HA). 
The stiff anhydrite layers, broken into blocks during the flow of the plastic salt strata, stabilize 
the salt structure internally and lead to low convergence of mine excavations. Another feature of 
the deposit is the occurrence of potash seams which mainly are carnallitite and kiseritic hartsalz. 
In general, the evaporite layers and the tectonic elements, such as folds, follow the border of the 
structure. 

The salt leaching surface forms a more or less flat plane at a depth of approximately 140 m 
below mean sea level. The leaching surface displays a certain relief with depressions in some 
places with a proven maximum of approx. 175 m below mean sea level. The overlying cap rock 
has a very low hydraulic conductivity and isolates the salt structure from the aquifer system in 
the overlying upper Cretaceous rocks. The aquifer is overlain by unconsolidated or semi-
consolidated glacial sediments. In addition, the surface cover is provided mostly by Quaternary 
sediments. 



NEA/RWM/R(2012)3/REV 

APPENDIX C: WORKSHOP PAPERS 

92 

Mining conditions and radioactive inventory  

The ERAM is a twin-mine consisting of the concessions Marie and Bartensleben. It is 5.6 km 
long and has a maximum width of 1.7 km. There are two access routes to the underground 
excavations, the shaft Bartensleben and the auxiliary shaft Marie. The 526-m-deep Bartensleben 
shaft connects four main levels at depths of 380 m, 420 m, 460 m, and 500 m below surface and 
the 522-m-deep Marie shaft connects two main levels. 

Prior to waste disposal, rock salt and potash mining went on at the site for several decades. 
Thus, most of the mine openings are a result of salt production activities. The cavities have 
dimensions of up to 100 m in length, in a few cases up to 200 m, and 30 m in width and height. 
The overall volume of the cavities amounts to more than 8 million m3 (Figure 1), of which more 
than 2 million m3 have been backfilled, mainly using crushed salt. 

The disposal rooms are located in the periphery of the Bartensleben claim, mostly in the 
western, southern and eastern fields, Fig. 1. Some amounts of short-lived waste are emplaced in 
the central part and the northern field. The waste is stored on the 4th level and the 5a sublevel.  

The waste originated from the operation of nuclear power plants, decommissioning of 
facilities and applications of radioisotopes in research, industry, and medicine. Solids and 
liquids as well as sealed sources were disposed of. Drum piling and dumping, as well as stacking 
of drums and cylindrical concrete containers were used as disposal technologies for solid waste. 
The liquids, mixed underground with hydraulic binders, were pumped into the storage cavities 
and solidified there. Altogether, a volume of about 36.800 m3 has been disposed of (approx. 
28 500 m3 solids and 8 300 m3 liquids). The total activity of the waste is below 6 ∙ 1014 Bq. This 
includes the waste currently in interim storage at the ERAM. 

Potential pathways for liquids  

Concerning the safety of a repository for radioactive waste, the investigation of salt 
solutions as well as the detection of potential pathways is essential because brines are an 
effective leaching agent and have to be considered as the major transport medium of mobilized 
radioactive substances. Moreover, the brines may act as a corrosive medium on the binding 
agent of the concrete and may cause corrosion of metals. Under anaerobic conditions, the latter 
process results in a generation of hydrogen. 

With regard to repository closure it is necessary to distinguish between enclosed reservoirs 
of brines trapped in rocks and inflows connected to the groundwater system. The precise 
investigation of active brine occurrences as well as of potential pathways is important with 
respect to brine inflows during the post-closure phase and the outflow of contaminated 
solutions. In addition to the shafts, potential pathways may occur along potash seams and 
inclusions of competent rock with a tendency to brittle failure, e.g. anhydrite blocks. 
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Figure 1: Host rock, mine openings and potential pathways for liquids 

 

Recently, active brine inflows into the mine openings have been low. One location is 
situated far from the disposal areas in the Marie mine and has an inflow rate of about 10 m3/a. A 
dropping location with an inflow rate of about 1 m3/a is situated on the first level of the central 
part of the Bartensleben mine. The chemical composition of the NaCl-saturated, Mg-rich 
solutions has been nearly constant and proves a contact with potash salts. 

Concerning potential pathways special attention has to be paid to the main anhydrite and 
the overlain potash seam C. These geological units connect the cap rock to the excavation 
damaged zone of the mine openings of the central part and may act as future pathways for 
liquids (Figure 1). 

Operational and long-term safety objectives 

The “Safety Criteria for the Disposal of Radioactive Waste in a Mine” qualitatively specify 
measures to be taken in order to comply with the long-term safety objectives of disposal. The 
long-term safety objectives generally taken into account mainly focus on radiological safety. i.e. 

• protecting the biosphere against harmful effects of radionuclide release; 
• avoiding criticality (not of relevance for the ERAM). 

 
In the case of the ERAM, however, due to the large void volume classical conventional (long-

term) safety objectives such as: 

• limiting ground surface subsidence; 

• protecting groundwater against release of conventional pollutants. 

have to be considered additionally (Preuss et al. 2002). The safety assessments distinguish 
two main groups of scenarios (Preuss et al. 2000). In the first group of scenarios no liquid inflow 
into the mine openings occurs (dry repository condition) whereas in the second group of 
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scenarios liquids enter the mine openings and may get into contact with the radioactive waste 
(wet repository condition). 

During the closure process operational safety has to be guaranteed as well. The related 
scenario is using technical words such as a so-called “non-permanent design situation”. 
Operational safety includes: 

• radiological occupational safety and health; 

• conventional occupational safety and health. 
 
Closure concept 

According to safety measures agreed upon internationally, the multi-barrier concept is 
included in the closure concept, i.e. safety is not considered to be guaranteed by only one barrier, 
e.g. the geological formation. In general, a multi-barrier system may include the waste form, the 
packaging as well as backfilling and sealing measures. By this means, the waste will be isolated 
by a system of parallel or interlocking natural and engineered barriers. 

In the case of the ERAM, tight shaft seals are planned parallel to the salt rock barrier in 
order to limit the volumetric flow rate of brine passing the shafts to a negligible extent. In 
addition, drift seals separate the main disposal areas (eastern, western and southern field) from 
the remaining mine openings and the potential pathways to the groundwater system existing 
there, e.g. the main anhydrite and potash seam C in the central part of the Bartensleben mine. 
One remarkable safety-relevant characteristic of the ERAM is the intact geological rock salt 
barrier surrounding the disposal areas. For this reason the access drifts are the relevant potential 
pathways for radionuclide release from the disposal areas. Thus, the drift seals are an 
engineered barrier of major importance.  

However, the tight rock salt barrier has also to be maintained in the long term. For this 
reason, some of the huge cavities of the former salt production mine, whose positions are close 
to the top of the salt formation (salt level) or to potentially water bearing structures, have to be 
stabilized. In this case, simple backfill guarantees the long-term performance of the natural salt-
rock barrier and it is of comparable importance as a well-performing seal. 

In addition, in case of unsaturated brine intrusion, leaching effects should be minimized in 
such a way that no pathways to disposal areas are created by solution processes and the rock 
salt barrier remains intact, too. 

Choice of backfill material 

Next, decisive reasons are listed for choosing salt concrete as a reference backfill material: 

(1) The backfill should be similar to the natural salt environment and the existing 
crushed salt backfill to minimize leaching processes. As a consequence, it was 
necessary to include salt aggregates in the backfill material. 

(2) Due to the geomechanical situation of the central part, which is connected to the 
overburden and tends to brittle failure, a stiff, immediately supporting backfill 
material is necessary to prevent further deformation which may lead to pathway 
development. 

(3) As conventional occupational safety and health is not guaranteed in old huge cavities 
a long-distance hydraulic or pneumatic transportation system was required to avoid 
entering the chambers.  

(4) To guarantee radiological occupational safety and health, the potential return of 
contaminated circulation liquid had to be avoided. 
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In the following, backfill materials under discussion are listed. The requirement that was 
not met is given in brackets: Crushed salt (2), cemented backfill without salt components (1), 
magnesium oxychloride concrete with salt components (3) and backfill mixtures of brine and 
crushed salt (4). 

The decision to use salt concrete as a reference material did not imply the exclusive use of 
salt concretes. As backfilling material to stabilize huge rock salt cavities mainly in the central 
part, however, salt concrete was identified to be optimal (Skrzyppek et al. 2000).  

Plan of backfilling 

When planning the closure concept every excavation was assigned to one of four backfilling 
categories (Köster et al. 2002). The most important is category I including cavities requiring a 
qualified sealing (drift seal) which will isolate the disposal areas. These excavations must be 
backfilled to 100% with backfill material of high quality, e.g. salt concrete M2. The basic 
composition of salt concrete M2 is 16.4 wt.% cement and fly ash, 13.4 wt.% water and 53.8 wt.% 
crushed salt. Category II includes openings that must be backfilled by more than 95% for stability 
reasons. The requirement of category III is an average backfill volume of 65% per mining field. 
The void-filling shall reduce leaching processes in case of an inflow of unsaturated brines. 
Category IV includes mostly inaccessible excavations in carnallitite layers. A backfill volume of 
more than 90% shall be reached, but can hardly be verified. For this reason, only a degree of the 
backfilling of 50% is considered for the long-term safety analysis. The required quality of backfill 
material in category II – IV is less than in category I. The basic composition of salt concrete M3 
applied in backfill category II-IV is 9.9 wt.% cement, 23.0 wt.% fly ash, 12.6 wt.% water and 54.5 
wt.% crushed salt. 

The interaction of operational and post closure safety and requirements to backfill 
material 

With respect to backfill and sealing material, dry and wet repository conditions have to be 
distinguished. During the closure process and the non-permanent states in this phase, dry 
repository conditions are required to guarantee occupational safety. As tight shaft seals are 
planned, dry repository conditions will be available at least at the beginning of the post-closure 
phase and may continue long-term. However, as an alternative scenario, wet repository 
conditions cannot be excluded. In case of wet repository conditions radionuclide release must be 
regarded. The requirements on cementitious backfill and sealing material for both scenarios are 
analyzed in the following by means of flow-charts. A first draft of these flow-charts has recently 
been published (Preuss et al. 2000), updates are given in Figure 2 and Figure 3. 

Dry repository conditions 

Figure 2 shows the interactions between safety objectives and backfill material properties. 
Dry repository conditions are determining for stabilization measures as supporting structural 
safety brine pressure is not available. Groundwater and biosphere protection requirements are 
met automatically. 
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Figure 2: Linkage of safety objectives and backfill material properties under dry repository conditions 

 

Wet repository conditions 

Figure 3 shows the interactions between safety objectives and backfill material properties. 
Wet repository conditions are determining for groundwater and biosphere protection as 
radionuclides may be released. In addition, conventional pollutants may affect the groundwater. 
For this reason, the eluates of the backfill material are limited. 
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Figure 3: Linkage of safety objectives and backfill material properties  
under wet repository conditions 

 

Pre-closure stabilization measures - bGZ 

In November 2001, a significant roof fall occurred in the central part in a cavity of the 420-
m- level, which was a restricted area due to the danger of roof falls. Numerical calculations, 
geotechnical surveillance, and in-situ observations showed that the risk of a progressive failure 
in the central part of the Morsleben repository could not be excluded which affected repository 
safety. Therefore, it was planned to stabilize the central part by backfilling selected cavities with 
salt concrete prior to the closing procedures. The stabilization measures according to the Federal 
Mining Act (Bundesberggesetz, BBergG) was called bGZ (bergbauliche Gefahrenabwehrm-
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aßnahme Zentralteil). The backfilling process started on October 8, 2003, and will be finished in 
2010. Through these stabilization measures the necessary safety level is achieved up to the final 
closure. This measure demonstrated the technical feasibility of backfilling category II and III 
(Hund et al. 2004).  

For the bGZ, compliance with all safety objectives for dry repository conditions had to be 
demonstrated to the mining authority in order to receive the licence for the bGZ. In addition, 
compatibility with the final closure concept had to be proven. The documents dealing with the 
so called “stable final state” and the groundwater protection had to be provided in order to avoid 
contradictions later on. Compatibility has been proven successfully. 

Present status and next steps 

With respect to backfill category II and III, the technical feasibility of these measures as well 
as their safety and compliance with long-term safety requirements have been demonstrated.  

Regarding drift seals made of salt concrete (backfill category I), the conceptual planning is 
finished and its progress has been published in (Eilers et al. 2003, Gläß et al. 2005) as well as in 
the NEA EBS workshop (Mauke et al. 2003, Müller-Hoeppe et al. 2004, Herbert et al. 2005, Noseck et 
al. 2006, Mauke et al. 2007) extensively and is not repeated here. However, it has to be mentioned 
that as a next step a demonstration of drift seal performance is planned as a prototype test. A 
test location has already been selected. A number of small-scale and medium-scale experiments 
prior to prototype testing have just started including borehole sealing.  

Backfill category IV is of minor interest because the requirements on the backfill quality are 
low.  It will be discussed during the design planning stage.  

Safety objectives and natural contamination of backfill materials within the context of the 
post-closure safety case 

With regard to the post-closure safety case, salt concrete plays an important role as sealing 
material for emplacement areas and as filling material to reduce large void volumes in the 
repository. The interactions between the salt concrete seals and intruding brine (wet repository 
conditions) and their impact on the long-term safety assessment have been discussed in 
previous papers (Herbert et al. 2005, Noseck et al. 2006). Another interesting aspect related to the 
large volume of cementitious material emplaced in the repository is the occurrence of 
considerable amounts of natural radionuclides, particularly U-238 and Th-232 with their 
daughter nuclides. In the ERAM, the total radiotoxicity of these natural radionuclides is twice as 
high as that of the emplaced waste. In order to assess the effects of these radionuclides on the 
long-term safety consequence calculations have been performed.  

For this study, relevant natural radionuclides from the thorium and uranium decay chains 
have been considered. These radionuclides stem from several sources. Natural radionuclides 
occur in salt concrete, in cemented waste forms and containers, in brown coal fly ash, in other 
concrete and brick constructions, in grey salt pelite, and in brine-accessible potash and rock salt 
deposits. The inventory of the natural radionuclides in the salt concrete is far higher than the 
radiotoxicity inventory of all other sources. 

Important processes to be considered are dissolution of radionuclides out of the 
cementitious material, precipitation of secondary phases, release of contaminated brine by 
mechanical compaction, material corrosion, retardation of radionuclides by sorption, and 
radionuclide diffusion. For salt concrete two different modelling cases were considered. In case 
A, it was assumed that the salt concrete does not corrode but is saturated with brine from the 
production process, containing natural radionuclide concentrations according to their 
solubilities. The backfill is mechanically compacted to a certain extent, causing an outflow of 
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brine bearing natural radionuclides from the areas filled with salt concrete. In case B, it was 
assumed that the salt concrete corrodes and all radionuclides are mobilised but are subject to 
sorption on the corrosion residues, as corresponding experiments show high sorption values for 
uranium and radium. 

In order to compare the results with reference values two different indicators have been 
calculated, namely the effective annual dose for adults according to the German Radiation 
Protection Ordinance and the annual drinking water dose. The results of the consequence 
calculations show that the maximum effective annual dose and the maximum drinking water 
dose for both cases are in a similar range and several orders of magnitude below the 
corresponding reference values. The most relevant radionuclide in all cases is Ra-226. Its mother 
radionuclides, especially U-238, are not directly dose-relevant but are important as a source for 
build-up of Ra-226. 

The release of natural radionuclides is very sensitive to the sorption in the overburden of 
the salt dome. A parameter variation with a very pessimistic assumption of all sorption 
parameters reduced by a factor of ten shows a maximum dose rate less than a factor of 10 below 
the reference values.  

Although the inventory of natural radionuclides is dominated by salt concrete, its 
contribution to the maximum dose plays only a subordinate role in case A. This is due to the fact 
that for radionuclides from brown coal fly ash and from potash and rock salt areas no solubility 
limits have been assumed due to the uncertainty in the geochemical conditions in these areas. 
In the salt concrete, where defined geochemical conditions are expected, solubility limits confine 
the uranium and thorium release to a fraction of less than 10-5. In case B, the maximum dose 
originating from the salt concrete is higher, similar to the contribution of the radionuclides from 
the fly ash, since the release of radionuclides is not confined by solubility limits.  

In reality, conditions between the cases A and B are expected. Since the overall 
consequences for both cases are similar, it is concluded that they describe the expected 
conditions precisely enough. Even though the inventory of natural radionuclides is twice as high 
as that of the emplaced waste, the consequences caused by natural radionuclides from the 
repository are very low. 

Summary and Conclusion 

In this paper, the closure concept for the Morsleben repository is described using 
cementitious materials. The conventional and radiological safety objectives are linked to backfill 
and sealing material properties. The consequences of the naturally occurring radionuclides of 
the salt concrete are negligible. Even though the Morsleben repository`s radioactive inventory is 
low, the stabilization and sealing measures are at least equivalent to or more difficult than in a 
well-designed radioactive waste repository as it is a former salt production mine. Nevertheless, 
it is not to be handled as an old contaminated site but a regular plan approval procedure 
according to the German Atomic Energy Act is applied for licensing the decommissioning and 
closure of the repository. 
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