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Motivation
 Reactor physics is the basis of
many other safety analyses
 Dynamics codes rely on input
from stationary codes
 Important to keep up to date the
both the codes and the know-how
about them
 Expertise needed to ensure
appropriate and adequate safety
analyses

CRISTAL is an essential tool
for educating new experts in
the field of reactor physics
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CALCULATION METHODS
Applications of Deterministic Transport Codes
Sensitivity and Uncertainty Analysis
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Applications related to cross-sections
 Study on effect of basic reactor
parameters on cross-section

 Comparison to polynomial fits used
in dynamics codes
 Good enough agreement
 Important for knowledge transfer

 Cross-section calculation package
for BWRs

 Script to take care of the calculation
chain
 Prepares cross-section set for
dynamics codes
 Reduces handwork and errors
 First application a BWR stability
benchmark in KOURA
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Applications outside core
 Deterministic methods more efficient
 Out-of core calculations
 Deep penetration problems

 3D discrete ordinates code TORT
used for OL1/OL2 out-of-core fluence
 Axially contains steam separators
 Radially extends to outer surface of the
concrete biological shield at 5.43 m
 382×364×129 mesh points
 200 materials
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Sensitivity and Uncertainty Analysis
 Imprecision of nuclear data one of
the most significant sources
 Large number of data usually given
as covariance matrices

 UAM1 benchmark

 Goal: propagate the uncertainty
through coupled neutronics/thermalhydraulics calculations
 1st phase: propagate nuclear data
uncertainty through assembly
calculations

 GPT2 implemented in CASMO-4 as
uncertainty analysis method

 Responses cover multiplication factor
and others that can be presented as
reaction-rate rations
 Computationally superior to statistical
approaches

Multi-group covariance matrix for the
fission cross-section of 235U.
1UAM
2GPT

= Uncertainty Analysis in Modelling
= Generalised Perturbation Theory
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CRITICALITY SAFETY
Where criticality safety is applied in the fuel cycle
Criticality safety validation
Validation package
Current status

Reactivity dependences
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Criticality safety applies to almost whole fuel cycle
 Natural U contains 0.72% of 235U
 No criticality outside reactors

 Fuel assembly contains ~500 kg of UO2
 Criticality with 48 kg (4% 235U)

 A spent fuel assembly contains
1% of Pu (~4 kg)
 Criticality with less than 1 kg

 Reactor core?

 Same hazard
 Designed to be critical
 Instrumentation and means
to control reactivity

 Core often left outside NCS
 Covered by other safety analyses

Figure: IAEA
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Criticality Safety Validation
 Distinguish between uncertainties of
 calculation system
 target to be analysed

 Find the systematic difference due to
calculation system, ∆kcalc
 Code
 Cross-section library
 Platform

 ∆kcalc defined as difference between
experimental and modelled value
 conservatism

 Together with subcritical margin ∆ksm
results in an upper safety limit (USL)
for criticality safety analyses

∆ksm
∆kcalc Uncertainty
USL

of calculation
system
→ ∆kcalc
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Validation package
 Contains critical benchmarks

 Critical or nearly critical systems
 Benchmarks vs experiments
 Area of applicability

 Modelling
 Analysis of the data

 Trends
 Statistical analysis
150-200 cases

 Validation report
Automatic system that
runs through the
process
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Current Status of Validation Package
 Assembling of package reactivated
during this programme
 Based on International Handbook
of Evaluated Criticality Safety
Benchmark Experiments
 Initial 23 cases from ZR-6 reactor
revised and updated
 25 new cases from LR-0 reactor
 Several 100’s of input lines

 Automated script started

 Runs the cases and collects keffs

Setting up a validation
package is a long-lasting
and tedious work

Bottom part of the LR-0 reactor: the bottom
of a control cluster to the left, and the nest
and base of a fuel assembly to the right.
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General Understanding of Reactivity Dependences
 Parameters of a VVER assembly
systematically varied

 20 parameters
 Mostly geometry, also densities
 Material concentrations limited to
‒ 235U and 234U in fuel
‒ Nb or Hf in cladding or shroud tube

 Purpose was to obtain better
understanding on
 How reactivity is affected?
 How significant the effect?

 Done with both MCNP and Serpent
 Good agreement

 Results as expected

 More confidence in qualitative and
quantitative behaviour
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Summary and Conclusions
 Reactor physics codes and calculations are the basis of many other
safety analysis
 The expertise in the field has to be increased in order to ensure
appropriate and adequate safety analyses
 CRISTAL is an essential platform for educating new experts in the field of
reactor physics
 In addition, codes have to be kept up to date
 the understanding of them
 Validation in accordance with international standards
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VTT creates business from
technology
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