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ABSTRACT: Backfilling activities in the Morsleben radioactive waste repository (ERAM) began in 
2003. They are necessary to stabilize the intensely mined central part of the repository. Thanks to 
geotechnical monitoring it is possible to ensure the local structural stability and the mandatory 
operational safety. The use of the integrated spatial information system EramSIS right from an 
early stage makes it possible to locate the great number of continuously acquired measurement 
results in a three-dimensional model on the computer screen. The interactive visualization proved 
to greatly facilitate the interpretation of the various types of information. 
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RESUME : Les travaux de remblaiement de l’ancienne mine de sel et potasse de Morsleben, exploitée 
pour le stockage de déchets radioactifs, ont démarré en 2003. Ils sont nécessaires pour assurer la 
stabilité de la partie centrale de la mine dont le taux de défruitement est très important. La mise en 
place d’un réseau de surveillance géotechnique permet de garantir la stabilité mécanique de la 
mine pendant le remblayage, ainsi que la sécurité pendant l’exploitation. L’utilisation du système 
d’information spatial intégré EramSIS dès le démarrage des opérations permet de localiser la 
grande quantité de données acquises continûment par visualisation interactive tridimensionnelle, 
au grand profit de l’interprétation des différents types d’information.  

MOTS-CLEFS : Réseau de surveillance géotechnique, Système d’information spatiale, EramSIS, 
visualisation interactive. 

1. Introduction  

The closure of the Morsleben radioactive waste repository (ERAM) is planned to involve extensive 
backfilling in the entire repository. Geomechanical model calculations have shown that the overall 
structural stability will be maintained on the long term as a result of these backfilling measures 
(Kreinmeyer et al., 2004 and Müller-Hoeppe et al., 2004). However, in some places individual 
structural elements may be partially at risk and local fracturing has to be expected (Mauke et al., 
2004). As a result, additional instrumentation has been installed as part of the monitoring system in 
places where the model calculations have identified particularly strained horizontal and vertical 
pillars in order to evaluate the deformation and stress in the rock (Table 1).  

By automating large parts of the data acquisition and analysis, it becomes possible to monitor 
processes without time delay and take immediate action, if necessary. If, for example, a certain 
threshold value is exceeded at a certain measurement device, a pre-defined set of counter-measures 
may be started off.  
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The temperature curves serve at least three purposes. Temperature progressions and values 
themselves indicate thermal strain and, thereby, may shed light on structural stability. But 
temperature curves are also used for calibration purposes in the analysis of data recorded by devices 
monitoring deformation and stress more directly. And, finally, temperature curves may enhance the 
re-calibration of geomechanical model calculations. 

Table 1. Geotechnical monitoring devices installed in repository passages and halls. 

Property Device/Method Purpose 
Extensometers To determine compression and expansion in 

selected horizontal and vertical pillars 
Convergence cross-sections To record convergence deformation at 

representative cross sections through cavities 
Fissurometers To observe displacements along joint planes 

or fissures on the cavity walls 

Deformation 

Measurements of  
positional changes 

To record compression, expansion, 
loosening and tilting along specified survey 
lines, section by section 

Hydro-frac measurements To determine size and direction of the least 
principle stress 

Stress monitoring stations To observe thermally induced stress 
alterations caused by backfilling and long-
term stress redistribution 

Stress 

Load pressure cells To monitor the bearing pressure as an 
indicator of the backfilling and hydration 
processes 

Temperature Temperature sensors in the 
rock formation, cavities and 

backfill 

To assess the thermal strain due to 
backfilling and for the temperature 
calibration of other measuring systems and 
model calculations 

2. Design of the spatial information system 

The interpretation of geotechnical data requires a good understanding of the spatial context. A 
detailed 3D representation is absolutely essential – together with an interactive visualization tool. 
This project has relied on the comprehensive 3D model of the ERAM repository, which had been 
created during the planning phase. The highly complex shapes of the cavity system were modeled in 
AutoCAD by digitizing hundreds of paper maps and sections (Eilers, 2000). Further refinement was 
introduced later on by laser-scanning the most relevant halls (Busse and Kern, 2002). Also, a 
cadastre describing the attributes (ID, name, volume, zone, altitude, level etc.) of all the cavities 
was set up as a relational database. 

It became evident that – to tap their full potential – the AutoCAD model and the database had to be 
integrated into a single application. The Toporobot approach (Heller 1983, 1994), originally 
developed for modeling and visualizing natural caves, offered a solution (Heller and Neumann, 
2001). It had been used before to model and document prehistoric mines (Bergbaumuseum – 
German Mining Museum –Bochum) (Heller et al., 2002), to create an inventory of underground 
features in the cave of Milandre, and to build a rudimentary spatial information system of the Mont 
Terri Rock Laboratory (Heller and Jeannin, 2003).  
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The spatial information system EramSIS combines 3D visualization with a database (Heller et al., 
2004). It displays the complex model of all mine passages and halls in real time and offers a fluid 
navigation in the 3D scene (Fig. 1 and Fig. 2). In addition, all attributes are shown tabulated in a 
spreadsheet. As the views are bi-directionally linked, the user can either select items from the 
spreadsheet and have the corresponding objects highlighted in 3D or pick a map or objects in 3D to 
see the associated attributes in the spreadsheet. The database table allows to sort and search, 
hide/show and color the objects as well as structure the scene. 

The spatial information system offers specific functionality to assist with the analysis of 
geotechnical data. It calculates the volumes of passages or halls, displays the distance between two 
selected points, and finds the smallest distance between two halls. It also displays time series of 
measured data (Fig. 2). 

Maps and profiles schematically summarizing the geological situation can be shown or hidden 
interactively. Figure 3 provides two similar images of the mine, one with an overlay of a selection 
of stratigraphic units, formation boundaries and structural elements. 

The EramSIS even provides the option to generate animations by stringing together series of images 
portraying the evolution of a specific property or condition with time. In order to track the 
backfilling activities, for example, the spatial information system can be used to produce an 
animation of the partially filled cavities with time based on the amount of pumped backfill as 
recorded in the database (Fig. 4). 

 

 

Figure 1. ERAM-SIS 3D display of filtered and linked information. 
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Figure 2. Illustrations of the halls and passages and results from geotechnical monitoring devices. 

 

  

Figure 3. Example for displayed versus hidden geological information. 
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Figure 4. Image taken from an animation of the backfilling progress in a selected hall. 

3. Conclusions 

The spatial information system EramSIS is an interactive program designed to visualize and explore 
a 3D-model of the Morsleben radioactive waste repository. Such visual inspection and examination 
greatly assists the analysis and interpretation of geotechnical data by the following means: 

 The tool may be used by a wide spectrum of users and facilitates the communication among 
interdisciplinary co-workers. 

 Numerous sophisticated features can be integrated in an intuitive user interface. 

 Different types of information sources such as measurements, borehole data, geological 
information, photographs, reports etc. can easily be accommodated. 

 The program offers a 3D perspective of the site model along with spreadsheets displaying 
various attributes. 

 Efficient navigation methods allow the user to examine the model interactively in three 
dimensions. 

 Spreadsheets are used to structure objects into groups or to specify surface properties (color, 
transparency, etc.). Information and data may be sorted by columns, searched or filtered. 

 Specific viewpoints may be stored in a list and used as bookmarks. 

 Even attributes not stored in the EramSIS database may be used in the system through 
connections such as links to external information sources (e.g., documents, photographs, 
scripts). 
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 Users may create individual style files that save groupings, color palettes and viewpoints fine-
tuned to the study of a specific aspect of the model. 

 The filtered subsets of the model can be exported as groups of stylistically attributed objects in 
3D formats (e.g. VRML or X3D) so that they can be used in special purpose graphics-
programs or in interactive 3D web-browser plug-ins. 

 

Using this integrated visual approach, considerable insight has been gained already, while saving 
time and effort. 

4. References 

Busse, V., Kern, P. (2002): Nutzung von Laserscanneraufnahmen für die verbesserte 
Bestandsdokumentation und Verfüllplanung von Altbergbaubereichen, 2. Altbergbau-
Kolloquium 2002, TU Clausthal-Zellerfeld.  

Eilers, G. (2000): PC-based information system for the Morsleben ILW/LLW repository, Proc. 
Distec 2000. 

Heller, M. (1983): Toporobot, L'ordinateur au service du spéléologue-cartographe, Stalactite (La 
Chaux-de-Fonds), 33 (1), pp. 9-27. 

Heller, M. (1994): Toporobot, Logiciel d'aide à la topographie, Spelunca Mémoires 21, Journées 
Norbert Casteret, Fédération Française de Spéléologie, ISSN 0242-1771. 

Heller, M., Neumann, A. (2001): Inner-Mountain Cartography – From Surveying towards 
Information Systems, Proc. 20th Cartographic Conference ICA 5, Beijing 2001, pp. 3408-3417. 

Heller, M., et al. (2002): Hohlraummodellierung – von der Vermessung zum Informationssystem, 2. 
Altbergbau-Kolloquium 2002, TU Clausthal. 

Heller, M., Jeannin, P.-Y. (2003): Développements en matière de SIG et de visualisation 3D à 
l'ISSKA, Stalactite 2/2003. 

Heller, M., Mauke, R., Mohlfeld, M., Skrzyppek, J. (2004): ERAM-SIS: A spatial information 
system for visualization and management of geotechnical data, Proc. Distec 2004. 

Kreinmeyer, M. et al. (2004): Central part of the Morsleben repository – geomechanical situation 
before stabilisation, Proc. Distec 2004. 

Mauke, R., Stielow, B., Mohlfeld, M. (2004): Geotechnical control of critical construction phases 
in the complex mining system of the repository for radioactive waste in Morsleben (ERAM), 
Rock Engineering, Theory and Practice, Proceedings of the ISRM Regional Symposium 
EUROCK 2004 & 53rd Geomechanics Colloquium, VGE, 2004. 

Müller-Hoeppe, N. et al. (2004): Stabilisation of the Central Part of the Morsleben Repository 
(bGZ), Proc. Distec 2004. 

 


	THE SPATIAL INFORMATION SYSTEM EramSIS IN THE SERVICE OF GEOTECHNICAL MONITORING 
	1. Introduction  
	2. Design of the spatial information system 
	3. Conclusions 
	4. References 

