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Content of the presentation

■ Organization of the EU stress tests and their peer review

■Scope and objectives of the EU stress tests

■ Peer review findings, recommendations and implications on the 
design in the area of external hazards

■ Further studies recommended by the peer review of the EU stress 
tests in the area of external hazards

■ Relevant research areas identified by the SNETPTask Group in 
response to the Fukushima accident

■ Conclusions
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EC response to Fukushima-stress tests and 
their peer review

• March 15, 2011: Energy Commissioner Oettinger, industry CEOs and 
European Regulators meet in Brussels, launch the safety reassessment 
initiative ("stress tests”)

• 1 June 2011: national regulators sent request to operators to perform the 
tests

• 31 October 2011 operators'final reports

• 31 December 2011 regulators submitted to EC the national reports

• Afterwards, peer review of the stress tests by the regulatory bodies
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Safety reassessment: technical scope

s Topic 1: Robustness against external hazards:

• earthquakes
• flooding

• extreme meteorological conditions

o Topic 2: Consequential loss of safety functions (systems):
• prolonged total loss of electrical power

• prolonged total loss of the main ultimate heat sink

• combination of both situations
o Topic 3: Availability of severe accident management 

provisions:
• prevention of severe accidents

• severe accident management
■ ■  • on-site emergency arrangements

Challenges o f the stress tests

□  Differences between political and technical expectations

□  Unusual definition of safety margins above the design basis- such 
question was never asked before, so that data on vulnerability of safety 
barriers were not available

□  There were no acceptance criteria
□  The question whether NPPs pass the stress tests was irrelevant, there 

were no acceptance criteria
□  No justification to put NPPs in a list from the best to worst

□  No justification fo r NPPs shut down based on stress tests

□  Stress tests had to quantify the margins
□  The final objective of the actions was not a confirmation that the 

safety level is satisfactory, but rather identification of measures for 
fu rther safety improvements

Challenges of the stress tests

•  Over 150 reactors

• 17 countries with nuclear power

■ 80 reviewers from over 20 participating countries involved 
in the peer review

■ Hundreds of engineers working on performing stress tests 
and developing stress tests and peer review reports

■ Stress tests required very significant resources (500 
man.years, 100 mil. Euro)

• Stress tests should be considered as an exceptional 
exercise, not to be repeated regularly
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Participants

Nuclear Member 
States

• Belgium
■ Bulgaria
• Czech Republic
■ Finland
■ France
■ Germany
• Hungary
■ Lithuania
■ Netherlands
■ Romania
• Slovakia
• Slovenia
• Sweden
■ Spain
■ United Kingdom
■ European Commission

Non Nuclear Member States
• Austria
■ Italy
• Ireland
■ Luxembourg

Nuclear Non-Member States
■ Ukraine
• Switzerland

Observers
• Armenia
■ Canada
■ Croatia 
. Japan
■ Poland 
. UAE
■ IAEA
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Scope o f stress tests and the ir peer review : Topic 1 > u j v <

Resistance to extreme external hazards beyond the design basis:
• earthquakes
• flooding
• extreme meteorological conditions

T o p ic l - Lessons learned

■ Tsunami hazard was underestimated

■ Protection should be provided against the risks of all natural 
hazards, and hazard assessments and methodologies should 
be updated in light of new information, experience and 
understanding

■ Defence in depth, physical separation, diversity and redundancy 
requirements should be applied for extreme external events, 
particularly those with common mode implications such as 
extreme floods

75



NEA/CSNI/R(2014)9

Topic 1 -  Effects of external hazards

. Earthquakes, floods, extreme weather conditions- e.g. wind, 
temperature, snow, lightning, drought

. For each of the event, incremental increase of the load 
(starting from the design basis) until either core damage or 
loss of containment integrity was reached

■ Unusual definition of the margins

■ Methodology, how to asses margin beyond the design basis 
was not clear

■ Vulnerability of barriers against design basis loads often 
unknown

Topic 1 -  Objective of the review

. Verification how site specific design basis hazards were 
determined

. Verification of compliance and robustness within design 
basis

. Assessment of robustness for loads beyond the design 
basis-identification of cliff edge situations and potential 
improvements

. Identification of margins beyond the design basis

■ Proposals for additional activities and improvements
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Periodic safety review

■All European countries have implemented Periodic Safety Review 
(regular reassessment of safety level in comparison with current safety 
requirements)

■ Peer review demonstrated efficiency of periodic safety reviews

• Maintain and improve safety and robustness of plants

• Specially relevant, in the context of the peer review, for protection of 
installations against external hazards

■ The peer review recommends that ENSREG underline the importance 
of periodic safety review

■ In particular, ENSREG should highlight the necessity to re-evaluate 
natural hazards and relevant plant provisions as often as appropriate, 
but at least every 10 years.

Situation in the coun tries- Topic 1

i Level of hazards varies significantly among EU countries

i Hazards in Europe not comparable with Japan
, Only few countries followed the specifications and quantified the margins 
beyond the design basis, weak assessment of extreme weather conditions

i Approaches to determine design basis external hazards are not uniform
i In many countries additional strengthening of robustness after 

reassessment of site specific hazards already performed
i Availability of margins is obvious, but detail quantification of margins 

beyond the design basis remained a pending issue in many countries

i In several countries margins already utilized in previous safety upgrading
i Should margins significantly beyond the site specific hazards be 

implemented and how?

Future ac tions -T op ic  1

■ Reassessment of site specific external hazards, including consideration of 
combined effects

■ Strengthening of predictive and monitoring capabilities

■ Quantification o f margins beyond the design basis

■ Enhancement of robustness of whole plants at least to minimum seism icity level by 
IAEA (0.1 g PGA)

■ Enhancing robustness against earthquakes and external/internal flooding at least for 
the key equipment

■ Options for increasing the margins beyond the design basis to cover uncertainties

■ Increasing site specific loads for all plant safety system s?

■ Concept of hardened core (only selected key equipment but for significantly 
enlarged load)?

■ Development of harmonized approach on natural hazards assessm ents 
(earthquake, flooding, extreme weather conditions), as well on the assessm ent of 
margins beyond the design basis and cliff-edge effects very much needed

mm
20
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European Level Recommendations
European guidance on assessment of natural hazards and margins. WENR A should 
develop guidance on natural hazards assessments, including earthquake, flooding and extreme 
weather conditions, as well as corresponding guidance on the assessment of margins beyond 
the design basis and cliff-edge effects
P e rio d ic  Sa fety R e v iew . Importance of periodic safety review was underlined, in particular 
regarding the necessityto re-evaluate natural hazards and relevant plant provisions as often as 
appropriate but at least every 10 years.
C o n ta in m e n t in te g rity . Uroent implementation ofthe recognised measuresto protect 
containment integrity is a finding of the peer review that national regulators should consider The 
measuresto betaken can vary depending on the design ofthe plants. For water cooled reactors, 
they include equipment, procedures and accident management guidelinesto: 

depressurize the primary circuit in orderto prevent high-pressure core melt; 
prevent hydrogen explosions; 
prevent containment overpressure

P reven tion  o f acc iden ts  re su ltin g  fro m  na tu ra l hazards and  lim it in g  th e ir  
consequences. Necessary implementation of measures allowing prevention of accidents and 
limitation oftheir consequences in case of extreme natural hazards is a finding of the peer review 
that national regulators should consider. Typical measures which can be considered are 
bunkered equipmentto prevent and manage severe accident including instrumentation and 
communication means, mobile equipment protected against extreme natural hazards, emergency 
response centres protected against extreme natural hazards and contamination, rescue teams 
and equipment rapidly available to support local operators in long duration events.____________
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Topic 1 (natural hazards) recommendations

R e com m end a tion______________________________________________________________________
S e ism ic  Hazard F requency . The use a return frequency of 10-4 per annum (0.1g 
minimum peak ground acceleration for earthquakes) for plant reviews/back-fitting with respect
to earthquakes.__________________________________________________________________________
O the r E x te rn a l Hazard F requency  . The use a return frequency of 10-4 perannumfor
plant reviews/back-fittinq with respectto external hazards other than earthquakes.____________
S econdary Effects o f E a rthquakes
The possible induced effects of seismic events, such as flood or fire arising as a result of the
event, in future assessments (inducing harmonization of approaches)._______________________
P ro tec te d  V o lum e  A p p ro ach . The use a protected volume approach (protection against 
penetration of water into buildings) to demonstrate flood protection for identified rooms or
spaces.__________________________________________________________________________________
Q u a lifie d  W a lkd o w n s . The development of standards to address qualified plant walkdowns 
with regardto earthquake, flooding and extreme w eather-to  provide a more systematic 
search for non-conformities and correct them (e.g. appropriate storage of equipment, 
particularly for temporary and mobile plant and tools used to mitigate beyond design basis
Bl E- external e.ents1_____________________________________________________

E arly  W a rn in g  N o tifica tions . The implementation of advanced warning systems for 
deteriorating weather, as well as the provision of appropriate procedures to be followed by 
operators when warnings are m ade_______________________________________________________

25.6.2014 24

Topic 1 (natural hazards) recommendations (cont.)

Recommendation

F lood ing  M arg in  Assessm ents. The analysis of incrementally increased flood levels 
beyond the design basis and identification of potential improvements, as required by the 
initial ENSREG specification forthe stress tests.

S e ism ic M o n ito r in g . The installation of seismic monitoring systems with related 
procedures and training.
External hazards margins. The formal assessment of
margins for all external hazards including, seismic, flooding and severe weather,
and identification of potential improvements

E n hancem ent o f key e q u ip m e n t fo r  co p in g  w ith  e x tre m e  hazards. Key static or 
mobile equipmentfor coping with extreme external events capable to mitigate external events 
beyond the design basis (1E-4) level should be identified and enhanced, if necessary

P ro tec tion  ag a in s t e x tre m e  w e a th e r co n d itio n s . Updatino of studies forforecast of 
extreme weatherfor envisaged plant life time, identification and implementation of provisions 
for addressing extreme weather conditions

25.6.2014 25

Implications of Fukushima on NPP design

.  Measures to  increase resistance aga inst extreme external
hazards:
■ Selection of extremely unlikely external hazards in particular earthquakes and 

flooding as a part of the design basis

■ Enhancement of monitoring and alert system s against extreme natural hazards

■ Consideration of combination o f external hazards with internal in itiating events

■ Harmonization of approaches in consideration of secondary effects of 
earthquakes

■ Reinforcement protection against flooding (rising of dams and dykes, sealed 
perimeters of buildings against penetration of water)

■ Enhanced robustness of design against external hazards and security threats 
including malevolent actions

■ More developed assessments o f NPPs against extreme weather conditions

■ ■
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Indication o f needs for future studies and 
development in the area of external hazards and

• Development of approaches to natural hazard definition, techniques and 
data, and development of a guidance on natural hazards assessments, 
including earthquake, flooding and extreme weather conditions

« Development of a guidance on the assessment of margins beyond the 
design basis and cliff-edge effects for extreme natural hazards

• Development of a systematic approach to extreme weather challenges and 
a more consistent understanding of the possible mitigation measures

• Development ofthe approach for assessment ofthe secondary effects of 
natural hazards, such as floods or fires resulting from a seismic event

• Enhancement of PSA for natural hazards other than seismic (in particular 
extreme weather) and development of methods to determining margins 
and identifying potential plant improvements

• Overall enhancement of PSA analysis, covering all plant states, external 
events and prolonged processes, for PSA levels 1 and 2

SNETP scope ofthe work ^

• SNETP stakeholders (at present more than organizations): nuclear 
industry, research centres, technical safety organisations, 
universities, etc.

• SNETP overall goal is to enhance the sustainability of nuclear 
fission by supporting technological development.

• Actions fo r ensuring sustainability of nuclear power:
1 Ensure long term safe operation of current Generation II reactors
2. Built and ensure safety and competitiveness of evolutionary Gen III 

reactors
3 Develop Gen IV fast breeders with closed fuel cycle
4 Enlarge the nuclear fission portfolio beyond electricity production: H2, 

synthetic fuels, H20  desalination, paper, cement industry
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Objectives ofthe Fukushima Task Group

• Tasks of the Group specified by the Governing Board at Meeting 
n° 7 held in Rome. 31 March 2011
■ Assess the lessons learned from the accident,

• Assess the results of the stress tests',

• Assess their implications for SNETP, on Gen ll/lll, as well as on other 
components of the Platform,

■ Make proposals to SNETP (and possibly in turn, by the Board to the 
European Commission),

■ Link with ENEF Risks WG on the topic

• R&D should be the main focus of the Task Group: a framework 
document to be developed, later on to  be detailed by other 
working groups

• Final document published in January 2013

R&D relevant lessons learned from the Fukushima 
accident in the area of external hazards

•  Although existing NPPsare very safe, the accidents caused by certain 
hazards leading to common cause failures can not be completely 
eliminated

• Low likelihood of occunence of any hazards only shall not be used as 
sufficient justification for elimination of the hazard from design 
considerations

■ In particular, external hazards including their secondary effects must be 
given high attention as likely initiators of the common cause failures

• Quantified assessment of safety margins beyond the design basis should 
become an important component of the assessment

•  Margins for protection against external hazards needs reconsideration 
using advanced methods based on historical data and latest hazard 
analysis including future projections
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Structure ofthe document developed by 
the Task Group

1. Introduction
2. Overview of challenges identified during Fukushima accident
3. Lessons learned from the Fukushima accident
4. Identification of research areas associated with the lessons 

learned
• 13 research areas addressed

• Lessons learned from the Fukushima accident
• Objectives of the activities in this area
• Examples of specific tasks in the given area

5. Basic insights related to research needs for Gen II and III reactors
6. Conclusions
7. References

Identified areas for research and development- 
several areas related to external hazards

1 Systematic assessment of vulnerabilities to defence-in-depth and safety 
margins for beyond design basis loads

2 Human/organizational factors under high stress and harmful conditions
3. Improved methods for external event hazard evaluation
4 Use of the probabilistic methods to assess plant safety in relation to 

extreme events
5 Advanced deterministic methods to assess plant safety in relation to 

extreme events
6. Advanced safety systems for nuclear power plants
7 Advanced materials for nuclear power
8 Advanced methods for the analysis of severe accidents
9. Improved procedures for management of severe accidents
10. Assessment ofthe radiological effects ofthe severe accidents
11 Improved modelling of fuel degradation in the spent fuel pool
12. Methods for minimization of contamination in the NPP surroundings and 

for treatment of large volume of radioactive waste
13. Accident management in the framework of the integrated rescue system.

Systematic assessm ent o f vu lnerab ilities to  defence-in- 
depth and safety m argins fo r beyond design basis loads

Development a systematic methodology for the determination of safety
margins and the risk of occurrence of cliff-edge effects for extreme 
events beyond the design basis.
•  development and validation of methods for comprehensive evaluation of defence 

in depth measures, in particular for the third and fourth level of defence
■ determination of the possible effects of extreme events with respect to  interrelation 

between the plant system  operation and personnel inteivention
•  development of acknowledged procedures for the assessm ent o f the ultimate 

resistance of the barriers against releases of radioactive materials to  the extreme 
loads

•  development of suitable methodology for the identification of threshold 
phenomena {cliff edges)

■ determination of the sensitivity of the main safety functions to extreme loads
•  development of comprehensive models for assessing the behaviour of NPPs 

under the conditions o fth e  beyond design basis extreme loads
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Im provedm ethodsforextem al event hazard 
evaluation

Development of methodologies for hazard evaluation fo r low 
probability events of both natural and man induced (accidental) 
scenarios. The research will aim at the minimisation of the 
uncertainties affecting the hazard and to the identification of suitable 
levels for the design basis values to be used for the design/re
evaluation.
•identifica tion of very rare, extreme internal and external events, potentially 

leading to common cause failures simultaneously arising on several units at the 
same site

■ implementation of suitable methodologies for determining the frequency of 
occurrence of extreme phenomena with very long period of return including the 
combination of extreme events, even in case of limited availability of historic 
data

■development of methods for hazard evaluation in the case of rare events (i.e 
tsunami), with insufficient historic records available

■ updating o f methodologies for site selection in relation to the likelihood of 
extreme external events

■development of methods for expert elicitation of rare events

Use of the probabilistic methods to assess plant 
safety in relation to extreme events

Improvement of the methodologies, harmonisation of the criteria and 
extended range of applicability of the methods with emphasis on a 
more comprehensive consideration of extreme external hazards, their 
combinations and the consequences of these hazards with prolonged 
duration and simultaneous occurrence on several units
■ enhanced probabilistic approach for external events (flooding, clim atic events)
■ rules for practical elimination of mechanisms, leading to large damage to fuel and 

to large releases
•  methods for evaluation of component failure modes in extreme unlikely scenarios
•  analysis of the reliability of human factors, common cause failures, behaviour of 

the SFP. prolonged loss of UHS. long term SBO. non-availability off-site help
■ quantification o f PSA: extended periods of the accident, interactions between 

interventions of operators and system s, several units on the same site, reliability of 
recovery actions under harsh conditions

■ consideration of the status and availability of reliable information on the 
infrastructure actual status

• assessment of the reliability of innovative design solutions (passive system s)
■ methodology for probabilistic assessm ent of security threats to NPPs

Advanced deterministic methods to assess plant 
safety in relation to extreme events

Improvement of methods for the assessment of the extent of the 
damage to structures, components and systems of NPP under various 
extreme loads beyond the design basis
■analysis of operating experience from the events initiated by unpredicted external 

events
•  updating o f methods for the assessm ent of effects of geophysical factors and 

extreme weather conditions.
•m ethodo logy for determination of the secondary effects of earthquakes including 

the loss o f tne ultimate heat sink, floods, fires, loss of coolant, destruction of 
infrastructure, disruption of the access of personnel to the site, the dynamic effects 
of the destruction or the civil structures, hydrogen explosions

■modelling the effects of individual extreme events and their combinations, the 
identification and prevention of threshold phenomena (cliff edges)

■ reassessment o f e criteria for the design and evaluation o f the effectiveness of 
protection against external hazards

• analysis of the operability of safety important equipment at the beyond design 
basis extreme events

•  analysis of extreme events initiated by potential terrorist a ttacks
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Conclusions

■ Underestimation of extreme external hazards including their secondary effects 
was the cause of the Fukushima accident

•  European stress tests  led to a number of recommendations for enhancement of 
NPP robustness against extreme hazards, loss of power supply or ultimate heat 
sink, and severe accident management

■ Lessons learned from Fukushima. from EU stress tests and from their peer 
review must be reflected in safety improvements of existing plants and 
considered in new designs

■ No com pletely new phenomena revealed from the Fukushima accident, but 
improvements in specific research directions shall be considered with the high 
priority, including area of external hazards and use of PSA

■ In particular, the issues related to rare extreme events and severe accidents 
should be considered in a more comprehensive approach to safety in order to 
better understand the design margins as well as the behaviour of NPPs under 
design extension conditions

Backup slides

■a

Scope and objectives o f the 
stress tests
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Scope of stress tests and their peer review: 
Topic 2

Resistance to consequentia l loss o f  safety systems.

prolonged total loss of electncal power 
prolonged total loss of the main ultimate heat s ink  
combination of both situations

45

Topic 2 -O bjectives of the review

• Time limitations given by plant technical status and start point 
operational mode/ time available to recover the lost safety function

• Capacities and constrains given by availability of power supply and 
other means necessary fo r safety functions

■ Measures to be taken to mitigate the consequences and to avoid 
severe fuel damages

■ Identification of possible weak points and cliff-edge effects and potential 
improvements

■ Recognition of design strong safety features and identification of 
feasible plant improvements

Topical reviews 
Topic 3 Severe Accident Management
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Topic 3 - Scope o f the peer review of severe 
accident management

• Organization, procedures and other arrangements of the licensee to 
manage accidents

• Hardware provisions and strategies for protection of containment 
integrity and protection of people

• Accident management measures for spent fuel pools

• Capability for accident management at multiunit sites

• Capability of accident management under conditions of damaged 
infrastructure including radioactive releases

• Confirmation of availability of accident management programmes

• Identification of feasible improvements to enhance safety
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