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Activities
 Human reliability analysis
 EXAM-HRA project
 Enhanced Bayesian THERP method development
 Digital HRA
 Passive systems reliability analysis
 Integrated deterministic and probabilistic safety assessment
 Level 3 probabilistic risk analysis
 Imprecise probabilities in reliability and risk analysis
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EXAM-HRA: Evaluation of existing applications and
guidance on methods for HRA

FinnishSwedishGerman-SwissFrench
collaboration
project
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IDPSA: Integrated Deterministic-Probabilistic Safety Analysis
 IDPSA: family of methods to enable risk-informed decision making
 Coupling of deterministic and probabilistic considerations to
address the mutual interactions between
 stochastic disturbances and
 deterministic response of the plant

 IDPSA network
 Includes over 20 European and US organisations
 International workshops organised 2011 and 2012
 Next: joint project proposal within NUGENIA+
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Reliability analysis of passive autocatalytic hydrogen recombiner
How likely are they
to work when needed?

2H2 +O2→2H2O

How likely will they
prevent a hydrogen
explosion?
How to incorporate
them in PRA?

1200 ◦C
Zr+2H2O→ZrO2+2H2

2H2 +O2→2H2O
PAR figure source: E. Bachellerie et al. Generic approach for designing
and implementing a passive autocatalytic recombiner PAR-system in
nuclear power plant containments. Nuclear Engineering and Design,
Volume 221, Issues 1–3, April 2003, Pages 151–165
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PAR reliability analysis results
 Performance of PAR
 Research method: analysis supported by MELCOR
simulations
 PAR prevents the formation of inflammable gases
 Degradation of PAR performance by 30-50 % results in higher
H2 concentrations
 On-demand failure rates computed in example cases
 50 % degradation in performance level occurs at 10-4/h
 A framework for passive safety systems reliability evaluation
 PAR reliability evaluation integrated as a part of ordinary
probabilistic risk analysis
 FMEA
 Case Loviisa, level 2 PRA
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VTT creates business from
technology

7

Imprecise probabilities in PRA
SAFIR 2014 interim seminar
21.-22.3.2013
Antti Toppila and Ahti Salo

Modeling epistemic uncertainty using
interval-valued probabilities
• Aleatory uncertainty
– Inherent, irreducible uncertainty
• Failure time of component

– Modeled with probability distributions
• Constant failure rate modeled with the exponential distribution

• Epistemic uncertainty
– Uncertainty about the probability distribution
• Is the failure rate constant? If so, what is the value of this constant?

– Can be modeled using interval-valued probabilites
• Highest/lowest failure probability when failure rate between 1E-4/y and
1E-5/y?
• Many standard models have been extended (Utkin & Coolen 2007)

Importance measures with interval-valued
probabilities
• Significant events identified with importance measures (Cheok
et al. 1998, Kuo & Zhu 2012)
– Eg. Birnbaum and Fussell-Vesely importance measure

• Our framework can analyze epistemic uncertainty in
prioritization based on importance measures
– Lower and upper bounds for events, and minimal cut sets
• Eg. event probability at least 0.01 and at most 0.03

– Prioritization with pairwise dominance: A dominates B iff
• A at least as important as B for all probabilites within the intervals
• A strictly more important than B for some probabilites

– To appear in IEEE Transactions on Reliability June 2013

Example

Fussell-Vesely dominance
Crisp failure
probabilities 0.02
FussellComp Vesely
7
9,80E-01
1
5,00E-01
2
5,00E-01
3
5,00E-01
4
5,00E-01
5
1,96E-02
6
1,96E-02
How sensitive is
the prioritization?

For all probabilities within [0.01,0.03]:
•7 most important (dominates all)
•1-4 more important than 5 and 6
Interim prioritization of 1-4 depends on
which probabilities is used (likewise with
5 and 6)

Application on the Residual Heat Removal
System (RHRS)
• Realistic case
–
–
–
–

31 basic events
147 minimal cut sets
90 % confidence interval
Fussell-Vesely dominance

• Most important 1,2,3,4,5
• Least important 31
• uncertainty has significant
impact on 6-30

Discussion & Conclusions
• We have developed a computational framework for analyzing
the impact of epistemic uncertainties
– What conclusions are robust to uncertainty?

• Models solvable in reasonable time using a regular laptop
– Largest model solved 232 events, 1600 minimal cut sets

• The method is made available to practitioners
– Open source Matlab-implementation as a student project

• Model has been extended to uncertainty about reliability
parameters
– Eg. aging parameter in Weibull distribution
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