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Sequential Bayesian Updating Module of Input Parameter Distributions for
More Reliable Probabilistic Safety Assessment of HLW Radioactive Repository
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A Bayesian approach was introduced to improve the belief of prior distributions of input parameters for the probabilistic safety assessment
of radioactive waste repository. A GoldSim-based module was developed using the Markov chain Monte Carlo algorithm and implemented
through GSTSPA (GoldSim Total System Performance Assessment), a GoldSim template for generic/site-specific safety assessment of
the radioactive repository system. In this study, sequential Bayesian updating of prior distributions was comprehensively explained and
used as a basis to conduct a reliable safety assessment of the repository. The prior distribution to three sequential posterior distributions
for several selected parameters associated with nuclide transport in the fractured rock medium was updated with assumed likelihood
functions. The process was demonstrated through a probabilistic safety assessment of the conceptual repository for illustrative purposes.
Through this study, it was shown that insufficient observed data could enhance the belief of prior distributions for input parameter values
commonly available, which are usually uncertain. This is particularly applicable for nuclide behavior in and around the repository system,

which typically exhibited a long time span and wide modeling domain.
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Fig. 1. Conceptual disposal system with nuclide release and transport.
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These containers generate posterior distributions for host
rock fracture length. All posterior distributions are

generated without units. Then, units of m are added.
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Table 1. Prior distributions selected for three parameters

0 Prior distribution Deterministic value
Fracture length L, m Triangular (100, 400, 700) 419
Fracture aperture b, m Uniform (5X10°¢, 4x10) 0.00001
Hydraulic conductivity K, m/s Log-Triangular (10, 10'°, 10%) 1010
Table 2. Three likelihood distributions assumed for illustration
0 Likelihood1 Likelihood2 Likelihood3

Fracture length L, m Normal (450, 100)

Fracture aperture b, m Normal (2X107%, 5X10°)

Hydraulic conductivity K, m/yr Log-Normal (9x10"", 5x10°'")

Normal (500, 95) Normal (575, 90)

Normal (1.7x10°, 4x10°) Normal (1.3x107, 3x10°)

Log-Normal (6.5x10"", 4.7x10°'") Log-Normal (5x101, 4x10°'")
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Table 3. Data used for illustration

Parameter Value
Canister number (PWR) 15793
Canister number (CANDU) 5490
Canister failure time, yr 10000
Canister height, m 483
Canister radius (PWR), m 0.51
Canister radius (CANDU), m 0.64
Canister underneath height, m 0.5
EDZ thickness, m 0.3
Deposition hole spacing (PWR), m 9
Deposition hole spacing (CANDU), m 4
Tunnel height, m 6.15
Tunnel width, m 5
Tunnel spacing, m 40
Buffer thickness, m 0.36
Buffer porosity 0.36
Diffusion coefficient in buffer, m*yr 0.000378
Buffer density, kg/m? 1600
Flow rate in the fracture, m*/yr 113.9
Fracture aperture, m 0.0001
Fracture Spacing, m 5
Matrix diffusion distance, m 5.00x10!
Length, m 419

Dispersion coefficient, m*/yr one tenth of the travel length

Matrix porosity 0.002

Density, kg/m? 2650
Hydraulic conductivity of rock mass, m/s 10
Fracture width, m 500

Flow velocity, m/yr 1.38x10"!

Fracture aperture, m 0.001
MWCF plume depth, m 20
MWCEF Length, m 468

Previous studies and
various literature sources
(Lee and Hwang, 2009)

Input data for biosphere assessment
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Fig. 11. (a) The first-, (b) second-, and (c) third posterior distribution in pdf (upper) and CDF (lower),
for the fracture length calculated with each corresponding prior and likelihood distribution by M-H algorithm.

Table 4. Selected nuclides with geochemical data used for illustration

Nuclide Tos, yr Kd, m¥/kg
"Se 64,000 3x10+

135Cs 2.30x10° 3.5%10

26Ra 1,600 2.4x10*

H5Cm 4,730 1.5%10°

2Py 375,000 1.5%10°

2y 4.468x10° 5.3x10°

3y 244,500 5.3x10?2

0Th 77,000 5.3x10?
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