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Abstract

In this study, a novel evaluation approach utilizing a neural network was developed to assess the impact of major
uncertainty factors in fault scenarios on the maximum annual total dose in geological disposal. The study clarified
how variations in fault magnitude, occurrence timing, and fault location affect the results of safety assessment. A
more realistic radionuclide transport model was constructed by considering the distinct characteristics of multiple
sub-regions within a fault zone, namely the gouge zone, damage zone, and fracture zone. Based on training data
obtained from numerical simulations using this model, a machine learning was conducted to obtain prediction models
to efficiently estimate the maximum annual total dose. Using this predictive model, an uncertainty analysis was
conducted for 1,000 cases involving various combinations of uncertainty factors such as fault magnitude, occurrence
timing, and fault location. The results demonstrated that, in all cases, the predicted maximum annual total dose was
no more than 12.5 pSv/yr and remained below the reference levels for unlikely events recommended by the
International Commission on Radiological Protection (ICRP). Furthermore, an analysis of the contributions from
each fault zone region to the maximum annual total dose revealed that the degree of influence varies depending on
the fault’s scale and location. These findings indicate that accounting for the number of waste packages located in
each fault zone region is essential for an appropriate evaluation of the maximum annual total dose.
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Fig.l Conceptual model of fault zones.



Table 1 Impact of fault activity on the safety functions in each barrier.

Fault gouge |Fault damage Inpact host
Fracture zone
zone zone rock
Decrease of
dissolution
o No effect
. rate(lifetime: No effect ., )
Vitrified Instant . . (dissolution
dissoluti 360 years, (dissolution rate: rate:
waste issolution dissolution 0.365 g/mz/y) - : ,
rate: -365 g/m’/y)
67.2 g/m’/y)
Lost of safe Lost of safe
) ty ) ty No effect No effect
Buffer functions functions
terial | (sorption and | (sorption and (Same value as | (Same value as
materia rptio rptio! in the H12) in the H12)
diffusion) diffusion)
Permeability
increases by two
v No effect
orders of . .
. (Logarithmic
Natural No natural No natural magnitude mean of the
barrier | barrier effect | barrier effect |(Logarithmic mean .
transmissivity:
of the
- -9.99)
transmissivity:
-7.99)
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Prediction using neural networks |, get variable
Target variable Time of maximum annual total dose

Number of waste packages in each zone ‘ Explanatory variable ‘
X Predictions performed separately for gouge zone,

damage zone, and fracture zone > Magnitude .
> Fault occurrence time
‘ Explanatory variable ‘ » Fault occurrence location

» Magnitude
» Fault occurrence location Target variable
> Area occupied by the damage zone within

Annual dose per waste package by zone at

the dlsposa_l - the time of maximum annual total dose
> Area occupied by the fracture zone within .
X Predictions performed for each zone

the disposal site

‘ Explanatory variable ‘

- Time of maximum annual total dose

Estimation of maximum annual total dose using prediction results
Annual dose for each zone : (annual dose per waste package) X (number of waste packages)

Summation of annual doses from each zone: (annual dose from gouge zone)+(annual
dose from damage zone)+(annual dose from fracture zone)

Fig.2  Overall workflow for deriving predictive equation.
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