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In order to enable decisions in rock engineering projects and to ensure them, all 
existing information on the surrounding has to be taken into account. The task to 
gather information results in the need to organize it, in order to be able to use it in 
an adequately form. Geopgraphic Information Systems (GIS) are developed and used 
since more than 20 years, collecting any available information on a site in a 
database. Dependent on the actual location any analysis can be performed. 
Arbitrarily the different conditions as well as the final result of the analysis are 
visualized. This 2d-surface approach is enlarged to a 3d-body-information-system 
BIS. Both the synthesis and the analysis of the BIS are developed and possibilities to 
visualize the solid 3d-body are discussed. 

  

"Countries worldwide have accumulated high-level radioactive waste by using nuclear 
materials to produce electricity, to power naval vessels, and to make nuclear 
weapons. This waste must be safely contained until it no longer poses a significant 
risk to human health and the environment" (Boyle&Rowe, 1999). 

"Engineering decisions related to large rock engineering projects such as 
underground facilities for radioactive waste storage, caverns of power plants etc. 
bear high level of responsibility" (Yufin et al., 2001). Any support of these decisions 
may decvisevely increase their level of responsibility. Geographic Information 
Systems (GIS) are continously coming up in the practical work of rock engineering, 
combining a database with graphics, sampling any given information of the region in 
interest and last not least visualizing these details in 2 and 3 dimensions.  

Whereas even in 1998 during the international workshop on the rock mechanics of 
nuclear waste repositories in Vail, Colorado GIS did not yet appear at all in the 
presentations of the different countries� programs, GIS start today more and more 
to play the role of decision support systems, which enable comprehensive analysis of 
all available data!  

In 2000 GIS come up in the conventional 2d-use during the fourth north-american 
rock mechanics symposium in Seattle: "Satellite data is then used in conjunction with 
GIS to do a geotechnical site characterization. This system of site characterization 
can eliminate expensive on-site or laboratory sampling and testing of the soil, and 
can also be used in conjunction with slope stability software to identify slopes at-risk 
of failure, with relative ease" (Greuer&Young, 2000). 



In 2001, the use of GIS is explicitely stated: "Combining the Geographic Information 
System (GIS) spatial analysis function with an improved Hovland�s 3D slope 
stability analysis model, a new GIS based 3D deterministic model is developed" 
(Tetsuro, 2001). "This information platform should store, systemize in place and time 
and supervise numerous spatial data related to geology, structure elements, sensitive 
points and zones of environmental and structural failure risk and restrictions on 
structure behavior" (Yufin et al., 2001). "GIS applications start to be widely used in 
different aspects of geotechnical engineering" (Greuer&Young, 2000), especially in 
"projects of underground facilities for radioactive waste disposal in deep geological 
formations of hard rock" (Melnikov et al., 1999). 

There is consensus, that "developments in both analytical and numerical 
computational procedures are providing valuable new insights into fundamental rock 
mechanics and coupled processes that can contribute considerably to improved 
reliability of prediction of the long-term performance of geological repositories" 
(Fairhurst, 1999). Additionally, an interesting remark is given by Hudson (1999): 
"Modelling and site work should be supported by a digital database. There should be 
a coherent supporting database of all the data, both for scientific reasons and to 
justify decisions made. It is an essential feature of technical auditing that suitable 
evidence is required." 

 

  

Fundamental regional geological maps are accomplished by geological-geotechnical 
investigations, resulting in engineering-geological models. "Creating the engineering-
geological model is obviously the most important step in the design of any 
engineering structure" (Yufin et al., 2001) such as radioactive waste repositories. The 
engineering-geological model results in a manifold of geomechanical models handling 
geological features as well as physical and mechanical properties of the rock mass. 

Typical geological maps, maps of modern tectonics (Melnikov et al., 1999, p.149) or 
cross sections (Boyle&Rowe, 1999, Fairhurst, 1999) contain a lot of information on 
the surrounding, but the more complex this information is, the more difficult the task 
may be to take all these details into account when working on the project, i.e. 
planning new facilities. 

The general demand should be and is in fact to know "the most possible" "as 
detailed as possible" to be able to decide. In fact, our information is sparse and 
uncertain! Our intention is to optimize the background for decisions. The idea is to 
sample all available information systematically in one system, and to use this 
information system to support decisions.  

There are different aspects in this general idea. First of all, the available information 
is organized according to the location. For one point � definitely defined by its 
coordinates on the surface � we see the first time combined all available information 
of any type. Normally these different levels of information are given separately. Any 
correlation in between cannot be recognized. 



The combination of all information types in interest allows the analytical setting of 
conditions or weightings. Out of this, an objective result in detecting areas of interest 
or dangerous points is given. The task of preparing decisions in the best way is just 
to set an adequate weighting or conditions on the choosen details, and to compute 
the result analytically.  

Although this is a very first step in using the described information system, a 
geographical information system � GIS � , the profit out of it is obvious: 

• Security of analysis:  
the risk to forget an important detail � to miss it � is eliminated completely 

• Flexibility of analysis: 
the influence of different weightings can directly be checked 

• Understanding of analysis: 
the influence of different information levels on the judgement of the resulting 
situation 

• "open" analysis: 
whenever available, any additional information level can be taken into account 

Even the pure visualization of different information levels gives some ideas on the 
potential in combining different information levels. The first time the resulting 
patterns are given in this direct evaluation of the accumulated input information. 

Up to this point of consideration, the use of GIS is quiet conventional: 

• restricted to 2d-coordinates of locations 
• restricted to different information levels in these locations 

The special character of the task of engineering decisions related to large rock 
engineering projects implies more, i.e. the extension of the restricted 2d-surface to a 
general 3d-space.  

 

  

In some way, the 3d-space was already touched by describing the locations with 3d-
coordinates, creating a surface in space. But this surface is nothing else than a 2d-
surface in 3d-space, to which properties may be attached to by a typical GIS such as 
type of actual use, vegetation and so on. Its validity is restricted to the surface itself, 
i.e. in 2 dimensions.  

Typical input data such as cross sections defines the need of some "body information 
systems (BIS)" with locations given in space. One�s mind has to be broaden from 
the (single) upper surface of the earth to its complete body. The resulting 3d-
information system will deliver the necessary boundary values for any mechanical 
problem and last not least the support to any decision on critical underground 
facilities for radioactive waste storage. 



In fact, such sort of 3d-information system does not yet exist. The up to now 
available sparse information of the earth�s mantle results out of single drillings and 
is given for a whole region in form of discrete cross sections. 

The analogon to the conventional 2d-GIS is the 3d-body-information-system, 
translating the cross section information to the complete region. "Translating" means 
the implementation of assumptions on the continued cross sections in the body. The 
result � for example by a parallel shifting of a cross section into account � may 
result in a model with accepted bad quality. But this modeling means to get the first 
BIS, which may be iteratively improved by additional drillings and last not least by 
analytical checking of its probability. 

The ArcView 3D Analyst extension for ArcView GIS of ESRI has finally opened the 
door to implementation of three-dimensional databases on the desktop in an ESRI-
based GIS environment. Three-dimensional databases have been created for a 
nuclear waste repository and for mining projects (Elroi, 1999). 

ArcView 3D Analyst uses three-dimensional extensions to the published shapefile 
format: three dimensional points, polylines, three-dimensional polygones, and three-
dimensional triangulated surfaces (TINs). This extension does not support the 
concept of true solid objects, three-dimensional grids (known as voxels), or the 
creation of envelope TINs, but the objects that are provided can be used to visualize 
almost any three-dimensional object (Elroi, 1999). They can be identified, queried 
and linked to any database. 

The typical situation when starting to develop a 3d-BIS is the explicite knowledge of 
single profiles. It is supposed to know � in form of a priori information � some 
single volume elements of the complete body. Out of this, a first simplified model is 
constructed, using given rules and having in mind to lateron iteratively correct it by 
getting more and detailed information. 

The visualization of a solid 3d-body is not trivial at all, as the material of the body is 
not transparent. Used to work with 2d-extractions out of it, produced by cutting 
through the body along a line of interest: the profile. Now the purpose is vice versa: 
supposing to have the complete 3d-body-model and looking for arbitrarily choosen 
information out of it, a path has to be defined interactively which results in the 
profile itself.  

The general idea is, to prepare this path-cutting by the interpretation of the input-
profile in order to get 3d-body-slices. The thinner they are, the more realistic the 
model will be. The path has to be interactivly defined on the graphical user interface 
(GUI). The downward continuation through all slices results in the adherent output-
profile. Variations in the situation of the path result in variations of the output-profile. 
The starting point for any further investigation depending on the internal body 
structure is given! The software has to be developed and implemented.  
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