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Loss-Of-Coolant Accident at APR-1400
A large-break LOCA at a Korean APR-1400 power plant was
analysed with the BEPU approach. The analysis was performed
with a generic simulation model of the APR-1400, based on
data that is publicly available and some data from the ATLAS
test facility.
The uncertain parameters to be varied were selected based on
findings of the international BEMUSE research programme, and
included parameters such as the coefficient of critical flow
limitation, initial state parameters, maximum power of the
hottest fuel assembly, and the coefficient of critical heat flux. All
of the parameters suggested in the BEMUSE reports could not
be varied because there was no variables for them in APROS.
In essence this exercise focused on the technical aspects of
practically carrying out a BEPU analysis with APROS. The
experience gained from the work underlined a need for
parallelization of the simulation runs of a BEPU analysis.

Analysis of the ISP-50 problem

The Best Estimate Plus Uncertainty Approach
The Best Estimate Plus Uncertainty (BEPU) approach is an
alternative to the conservative approach that has been
conventionally used for the licensing analyses of nuclear
power installations. The BEPU approach should result in more
realistic predictions of the plant behaviour in various transient
and accident scenarios, and thus help increasing nuclear
safety as well as increasing plant efficiency through narrowing
the overly conservative safety margins.
BEPU analyses require that the uncertainties of all the
relevant input parameters are quantified by associating them
with a probability density function (PDF) with known
parameters. For some parameters the uncertainties can be
estimated through direct measurements at a power plant or at
a test facility, while for some other parameters the
uncertainties can only be estimated through comparing
simulation results to experimental data.
There are multiple methods that can be used to carry out
BEPU analyses, but the method of choice in the UBEA project
is the so-called “GRS method”, in which the values of all
uncertain parameters are randomly sampled from their
respective PDF’s in the beginning of the simulation, and then
the simulation is repeated a number of times to obtain the
bounding curves for the output parameters. The required
number of simulation runs depends only on the desired
certainty and confidence levels according to the well-known
Wilks’ formula.

Next, the International Standard Problem #50 (ISP-50) was
reanalysed taking the uncertainties into account; VTT Technical
Research Centre of Finland originally participated in the
benchmark with the APROS code, and thus an APROS
simulation model for the ATLAS test facility was already
available.
The varied parameters were again selected based on the
BEMUSE recommendations, but this time all the relevant
parameters could be varied thanks to code improvements that
had taken place after the APR-1400 exercise. The bounding
curves obtained as a result of the BEPU analysis enveloped the
experimental results for the large part, but there were also some
discrepancies. These discrepancies emphasize the need for
accurate and relevant simulation models for the results of the
BEPU analyses to be meaningful: for example threedimensional effects can rarely be captured with onedimensional models.

Participation to the PREMIUM benchmark
OECD/NEA/WGAMA is organizing an international benchmark
exercise devoted to the study of input uncertainty methods
between the years 2012 and 2013. VTT’s participation to this
PREMIUM (Post BEMUSE Reflood Models Input Uncertainty
Methods) benchmark is carried out within the UBEA project,
using the APROS code.
During year 2012 the focus of the benchmark was on identifying
all the influential code-specific model parameters that affect the
outcome of reflooding simulations. For this purpose a simulation
model of the FEBA test facility was created and an exhaustive
number of simulations with different combinations of varied
parameters and input uncertainties. The PREMIUM benchmark
continues in year 2013 with proper quantification of the
uncertainties of the influential parameters, and finally with
qualification of the uncertainties with PERICLES-2D reflooding
simulations.

