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1. Introduction 
 

During almost the last two decades much effort 
has been devoted to the development of a safety 
assessment of a conceptual HLW repository for spent 
nuclear fuels (SFs) from both PWR and CANDU 
reactors as templates using the commercial GoldSim 
[1]. Most representative one, among many similar 
others, is GSTSPA (GoldSim Total System 
Performance Assessment) [2] for probabilistic 
assessment of the repository. This program has been 
proven to be suitable for such an evaluation of 
nuclide transports in the near- and far-field of a 
repository as well as a transition among biosphere 
compartments under various release scenarios 
associated with FEPs identified. Although almost all 
required parameter values associated with the 
repository system are usually assumed or sometimes 
overestimated and still far from being highly reliable, 
such methodology results from the probabilistic 
models are believed to be reliable and informative 
not only for safety assessment of the repository, but 
also for its design feedback. Uncertainties nested in 
nuclide transport modeling around the repository are 
mainly dominated by parametric uncertainty, 
involved in input parameter values, aside from 
intrinsic model uncertainty. Reliable estimate of the 
parameter values commonly expressed as probability 
density functions (PDFs) always require a large 
amount of measured data. These PDF distributions 
are used as input to the probabilistic assessment 
program through Monte Carlo simulation to 
quantitatively provide possible uncertainty of the 
results. However, in most cases, especially in the 
safety assessment of the repository which is typically 
related with both long time span and wide modeling 
domain, inefficient observed data from the field 
measurements are common, making conventional 
probabilistic calculations rather uncertain. Therefore, 
in most cases, although estimation of the 
distributions successfully expressed as PDFs or other 

types, parametric uncertainty could still remain. 
Since Bayesian approach is known to be especially 
powerful and efficient in the case of lacking of 
available data measured, such short data could be 
compensated by coupling with a priori belief, 
reducing uncertainty. By allowing the a priori 
knowledge for incorporating insufficient observed 

and judgment regarding the parameters as well as 
recent site-specific measurements, based on the 

distributions are not necessarily expressed as PDFs 
for probabilistic calculation. These updates could be 
done even iteratively as many times as data values 
are sequentially available, which calls sequential 
Bayesian updating, making posterior distributions 
become much more reliable by reducing parametric 
uncertainty. Through this study the development of 
the Bayesian updating module implemented to 
GSTSPA is introduced (Fig. 1.). 
 

2. Sequential Bayesian Updating 
 

Bayesian framework allows us to update our 
beliefs iteratively every time new data from 
measurements and observations continuously come 
in. At time n, we may have an updated distribution of 
parameters to its posterior as 

 
.     (1) 

 
For Bayesian updating described above, despite of 

its advantage in buildup of belief for the parameter 
distribution, practical application is still limited due 
to difficulty to get a posterior distribution analytically. 
Markov Chain Monte Carlo (MCMC) sampling 
algorithm was adopted, by which posterior 
distribution could be sampled. 
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3. GoldSim Module 
 

Among several MCMC methods, Hastings-
Metropolis (M-H) algorithm has been used in this 
study for its popularity (Fig. 2). M-H algorithm has 
been implemented as a GoldSim module into the 
GSTSPA using a conditional looping container which 
only activates at time zero on the first realization. 
Values sampled from either the prior distribution and 
multiple posterior distributions are then ready to be 
used as inputs to the GSTSPA model for probabilistic 
Monte Carlo safety assessments of the repository 
(Figs. 3 and 4). 
 

 
 

Fig. 1. Banner of GSTSPA program with Bayesian 
updating module. 

 
 

 
 

Fig. 2. Implementation of M-H algorithm to GSTSPA. 
 
 

 
Fig. 3. Annual dose results expressed as CCDFs prior and 

updated posterior distributions. 
 

 
 

Fig. 4. Realizations of sequential Bayesian updating by 
MCMC for earthquake frequency. 
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