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Assessment of the long-term safety of geological disposal needs to be based on a clear understanding of uncertainty and the role of
performance assessment is to support this undestanding. For this purpose, it isimportant to identify and eval uate uncertainties associated with
understanding the geological environment, which often exhibits significant heterogeneity at various scales. This evaluation must be done at
every stage of the site characterization so that insights, thus gained, can be used to guide designing effective measures to reduce the
uncertainty. In many applications, however, only a limited number of most plausible model options and data-sets are sought after and this
prevents one from recognizing uncertainty explicitly. In the current study we propose an aternative approach where al the possible options
in the models and data-sets that cannot be excluded in the light of the evidence available is identified. This approach enables uncertainties
associated with the understanding at a given stage of the site characterization to be made explicitly. This, in turn, supports the design of the
following stage to reduce the uncertainties efficiently. In this paper a methodology for analyzing the uncertainty in a heterogeneous
geological environment is discussed. The methodology has also been tested in Tono area, to demonstrate its applicability.

Keywords: spatial variability, uncertainty analysis,fuzzy set theory, geostatistics
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Fig.1 Example of ignorance concerning data obtained
using a deterministic method from the same data set
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Fig.2 Fuzzy member ship function according to the uncertainty in the depth of a layer boundary.
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Fig.4 An example of afuzzy variogram.
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(a) An example of the fuzzy membership distribution of permeability considering errorsin permeability obtained from hydraulic tests.
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(b) Variation in the range of the experimental variogram in the case where p =1.0.
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(c) Variation in the range of the experimental variogram in the casewhere y = 0.0.

Fig.5 Fuzzy data set and corresponding variogram of rock permeability around the Tono mine area.
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(a) Results of kriging in the case where p =1.0
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(b) Fuzzy variation-range (upper left) and standard deviation
of kriging (upper right) using the datarange of p =1.0. Fuzzy
variation-range (lower left) and standard deviation of kriging
(lower right) using the datarange of p =0.5.

Fig.6 An example of fuzzy kriging of heterogeneous rock Fig.7 Examples of fuzzy simulations of heterogeneous
per meability in the Tono mine area. rock permeability in the Tono mine area.
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Fig.9 Progressive stepwise focusing of investigations and
the data obtained from each step.
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Fig.10 Schematic view of the assumed hydrogeological model in the central area.
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Fig.11 Examples of fuzzy membership functions of the
input parametersbased on interviews.
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Tablel Input parameters connected with the hydrogeological
model for the central area.
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Figl2 The variation in the hydraulic model at each
stage of theinvestigation.
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Figl3 Theuncertainty in the hydraulic mode expressed by fuzzy member ship.
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Fig.14 The change in uncertainty of the depth of the
granite surface with respect to the progress of the
investigations.
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Fig.15 Examplesof resultsfrom the hydraulic analysis of the central area.
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Fig.16 Typical hydraulic models of southward and downward flow.
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Fig.17 Examplesof heterogeneous permeability in the sub-area.
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Fig.18 Resultsof particletracking.
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Fig.19 Transit timesfor underground water in the sub-area.
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