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Abstract

The concept of the final disposal of high level wastes is to isolate the waste from the biosphere for
extremely long periods of time by emplacement of wastes into deep stable geological formations. Several
geological formations have been considered as candidate host environments for high level waste disposal and
several techniques have been developed for repository design. In this study, interrelationships of main
parameters of a general repository design have been defined and effective parameters are shown at each step.
Initial design process is based on the long term stability of underground openings as disposal galleries. For this
reason, this design process includes two main analyses; mechanical analysis and thermal analysis. Each of the
analysis system is directly related to each other by technical precautions. As a result of this design process, a
general information about the acceptable depth of the repository, layout and emplacement pattern can be taken.
Final design study can be established on the result of initial design process.

1. INTRODUCTION

High level waste repository concept includes various fields and these fields comprise their relevant
components:

Geological investigations,
Characterization of the potential host rocks,
Layout,
Emplacement method,
Multibarrier concept,
Constructibility (excavation, support systems, ventilation etc.),
Long term performance and safety assessment.

Since further information is needed for making a proper design, initial design can give only
general information about the repository by using the data about mechanical properties of the host
rock, thermomechanical properties of the waste form and the container. Initial design process includes
two main analyses; mechanical and thermal analyses. If the required data are put into these main
analysis process and an interaction between these two analysis processes can be satisfied, in this case
initial and optional depth of the repository, repository layout and the emplacement pattern of the
repository can be determined.

Young modulus (E), Poisson's ratio (v) and the strength of the host rock (ac), are the main
parameters which will be used for analyzing of the initial stability of underground openings in the
repository. Thermal conductivity of the buffer material and the host rock are some of the main
effective factors for thermal analyses. And there is a limitation for the temperature at the interface of
the waste package with the buffer, because of the boiling temperature of water and/or the negative
effects on the thermomechanical properties of the buffer material, interface temperature must not
exceed 100°C (90°C is recommended).
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FIG. 1. Initial design process layout.

2. METHOD OF INITIAL DESIGN

Figure 1 shows the initial design process layout.

The first step is to determine mechanical properties of host rock by laboratory tests and Young
modulus (E), Poisson ratio (v), and strength (ac) of host rock taking into mechanical analysis. In-situ
state of stress (ac ), is calculated according to the initial proposed depth and proposed gallery area.
Laboratory test results and theoretical strength results are compared to each other. If they are not fixed
in confidence proposed values be changed according to the in-situ strength of rock until they are fixed
properly to each other. At the end of this study, initial dimensions of underground openings are
determined.

The second step is to determine thermal properties of the rock, waste form, container, buffer
and backfill material and put into thermal analysis according to the results of mechanical analysis.
After thermal analysis, minimum distance between the emplacement holes will be determined.



During this analysis, main criteria is that the temperature at the interface of the waste package
with the buffer must not exceed 90°C. If the calculated temperature more than this value, in this case
distance between the emplacement holes is increased. Dimensions of underground openings may be
changed according to the thermal analyses. If it occurs, mechanical analysis must be done again
according to new dimensions. At the end of this analysis, dimensions of underground openings,
emplacement pattern and distance between the holes are determined.

The third step is to calculate mechanical stress around openings and thermal loads on the rock.
Total stress around openings is verified that whether it is sufficient when compared with the
mechanical strength of the rock or not. If total stress is not low enough, in this case dimensions of
underground openings must be reviewed and analysis must be done according to new values until
required stress value confidentially maintained. If total stress is in safety area, initial acceptable depth,
layout and the emplacement pattern of the repository are determined.

3. DISCUSSION

Initial design process can be used only for taking preliminary information for conceptual
design options. Although alternatives of each system and options of each parameters can be developed
in this general design process, this initial design process will be useful for getting acceptable design
factors to develop by using main parameters.

For a conceptual design, much information is required. After the site selection period, several
investigations in the underground research laboratory and especially in-situ tests by boreholes should
be done for getting realistic and site specific data.

Initial design process is based on the long term stability of underground openings as disposal
galleries. Besides of the mechanical stability of the repository, other parameters are available which
can be effective at the design process. Such as, hydraulic conductivity of the potential host rocks can
be known generally (between 10E-6 to 10E-12 m/s according to the type of the host rocks). Realistic
hydraulic conductivity requirements will be specific to the site during the excavation period according
to the geological media.
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