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Safety assessment for geological disposal of high level radioactive waste inevitably involves factors that cannot be specified in
adeterministic manner. These are namely:

(i) “variability” that arises from stochastic nature of the processes and features considered, e.g., distribution of canister corrosion

times and spatial heterogeneity of a host geological formation;

(ii) “ignorance” due to incomplete or imprecise knowledge of the processes and conditions expected in the future, e.g., uncertainty

in the estimation of solubilities and sorption coefficients for important nuclides.

In many cases, a decision in assessment, e.g., selection among model options or determination of a parameter value, is subjected
to both variability and ignorance in a combined form. It is clearly important to evaluate both influences of variability and
ignorance on the result of a safety assessment in a consistent manner.

We developed a unified methodology to handle variability and ignorance by using probabilistic and possibilistic techniques
respectively. The methodology has been applied to safety assessment of geological disposal of high level radioactive waste.
Uncertainties associated with scenarios, models and parameters were defined in terms of fuzzy membership functions derived
through a series of interviews to the experts while variability was formulated by means of probability density functions (pdfs) based
on available data set. The exercise demonstrated applicability of the new methodology and, in particular, its advantage in
quantifying uncertainties based on expert’s opinion and in providing information on dependence of assessment result on the level of
conservatism. In addition, it was aso shown that sensitivity analysis could identify key parameters in reducing uncertainties
associated with the overall assessment. The above information can be used to support the judgment process and guide the process
of disposal system development in optimization of protection against potential exposure.
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Table 1

Tablel Definition of fuzzy member ship

Membership Plausibility
10 Must be considered
05 Should be considered
0.1 Could be considered
0 Need not be considered
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® Quantitative evaluation of
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® Sensitivity analysis to identify
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* Evaluate applicability of methodology to safety
assessment
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Results and Discussion
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Fig.6 Example of sensitivity information derived using M oving Band technique;
(a) Sensitivity of Np solubility in buffer porewater on the doserate of Np,
(b) Sensitivity of canister corrosion time on the doserate of Np
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Table 2 Summary of sensitivity analyses

Membership 1.0 Membership 0.5 Membership 0.1
Parameter i i i
Low | High Sensitive Nuclides Low | High Sensitive Nuclides Low | High Sensitive Nuclides
Dose | Dose Dose | Dose Dose | Dose
Buffer |Effective diffusion coefficient in buffer pore water 2 |Np237,U233,Se79
Hydraulic gradient under fresh water 2 All Nuclides K All Nuclides 2 All Nuclides
.~ |Flow rate in EDZ Cs135 N Cs135
Hydraulics Log-mean value of hydraulic conductivity in host rock 2 All Nuclides 2 All Nuclides
_Logarlthmlc standard deviation of hydraulic conductivity| » All Nuclides » All Nuclides » All Nuclides
in host rock
Glass dissolution time N Cs135 N CSI?’.S. and .5979 are N Cs135
sensitive at high dose
Np solubility in buffer pore water 2 |Np237 | 2 |[Np237
Se solubility in buffer pore water | 2 |Se79 7 |Se79 | 7 [Ser9
Np solubility in host rock 2 |Np237
Chemistry|S8S0lubllity in host rock under fresh water [~ [sero 2 Se79 [ 7~ [ser9
Y Kd of Np in the matrix of host rock N Np237,U233,Th229 N Np237,U233,Th229 N Np237
Kd of U in the matrix of host rock N U233,Th229 N U233 N U233
Kd of Th in the matrix of host rock N Th229 N Th229 N Th229
Kd of Se in the matrix of host rock N Se79 N Se79
lonic strength of ground water 2 Cs135 d Cs135 2 Cs135
Equilibrium constant of ion exchange reaction N Cs135
Dose conversion factor of Np (Future) 2 |Np237 2 |Np237 2 |[Np237
Dose conversion factor of U (Future) 2 |U233 2 |U233 2 U233
Biosphere Dose conversion factor of Th (Future) 2 Th229 2 Th229
P Dose conversion factor of Se (Future) 2 Se79 2 Se79 2 Se79
Dose conversion factor of Cs (Future) 2 Cs135 2 Cs135 2 Cs135
Dose conversion factor of Cs (Present) 2 |Cs135
.
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Fig.7 Evaluation example of combined effect of parameters
(Membership 0.1, part of resultsis extracted)
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