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PRA and PSA: To be used for ensuring safety 

• The standards related to risk developed by the Atomic Energy Society of 

Japan (AESJ) should be referred to as PRA. PSA is a series of activities to 

develop measures to improve safety with all information obtained from PRA 

toward activities to ensure safety. 

• Ｉn various situations, decision-making for nuclear safety is needed. 

For this, purpose the use of risk information is important and effective in 

ensuring safety. 

• PSA was deemed a proper term for activities to ensure safety using risk 

information. 

• However, to accomplish the purpose, a quantitative risk assessment is 

necessary to obtain risk information. The term PRA is more suitable for 

describing such activities. 

A. Yamaguchi, "Probabilistic Safety Assessment (PSA) and Probabilistic Risk 

Assessment (PRA)", 

Journal of the Atomic Energy Society of Japan, Vol. 54, No. 6 (2012) 



The Report of the Japanese Government to the IAEA Ministerial 

Conference on Nuclear Safety  

- The Accident at TEPCO's Fukushima Nuclear Power Stations - 

June, 2011, Nuclear Emergency Response Headquarters 

• Lesson 27: Effective use of probabilistic safety assessment (PSA) in 

risk management 

• PSA has not always been effectively utilized in the overall reviewing 

processes or in risk reduction efforts at nuclear power plants. While a 

quantitative evaluation of risks for quite rare events such as a large-

scale tsunami is difficult and may be associated with many uncertainties 

even within PSA, Japan has not made sufficient efforts to improve the 

reliability of the assessments by explicitly identifying the uncertainties 

associated with these risks. Considering the knowledge and the 

experiences regarding uncertainties, the Japanese government will 

further actively and swiftly utilize PSA while developing improvements to 

safety measures including effective accident management measures 

based on PSA.  



AESJ's Investigation Committee on the Nuclear Accident 

at the Fukushima Daiichi Nuclear Power Station 

• Background factors of the accident 
– Licensees were lacking in safety-consciousness 

and showed little effort to improve safety 
• Necessary safety measures were postponed by 

slighting the risks that were revealed by new 
findings. Apparently, management decisions were 
prioritized. 

• Initiatives to take safety measures beyond 
regulatory requirements were scarce. 

• There lacked a comprehensive management 
capabilities to put the most emphasis on safety. 
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Key words for safety improvements  

(risk management) 

• Systematic examination of efforts to reduce risks 
– Knowledge about uncertainties (risk recognition) 

– Development of measures to improve safety 

• Attitude to voluntarily promote safety 
improvement 
– Active and rapid application of PRA 

– Application in activities for ensuring safety 

– Application in various decision making situations 

• Comprehensive management capability 
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Requirements for PRA specified in the new 

regulatory standards 

• Article 36:  Necessary measures shall be taken to prevent significant 

damage to the reactor core when there is any indication of a severe 

accident at a nuclear power plant. 
– Accident sequence groups designated by the Nuclear Regulation Authority 

(NRA) 

– Accident sequence groups extracted from the individual plant examination 
• Assessment shall be conducted using the probabilistic risk assessment (PRA) for internal 

events and (applicable) PRA for external events at individual plants or any alternative method. 

• Notification and announcement of assessment for safety improvement 

<Paragraph 29 of Article 43-3> (to be enforced in December) 
– Individual PRA for internal and external events (IPE*, IPEEE**) should be 

required. 
 

• PRA is conducted, the safety assessment is conducted using the PRA 

information, and what's to be done next? 
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*    Individual Plant Examination 

**  IPE for External Event 



Risk management and decision making 

• What is risk management? (U.S. Department of Homeland Security) 
– a process to identify, analyze and communicate risks, 

– to accept, avoid or convert risks, or control risks within an acceptable 
level. 

– while taking into account the costs and benefits of actions taken. 

• A decision-making process is based on risk insights and 
performance-based indicators (NUREG-2150, NRC, 2012). 

• Robust capabilities to protect against beyond design basis accidents 
can be provided through a prudent combination of defense-in-depth 
and risk insights (Shunsuke Kondo, chairman of the Japan Atomic 
Energy Commission, PSAM Tokyo, 2013). 

• Risk assessment provides valuable and realistic insights into 
potential exposure scenarios. Risk assessment, in combination with 
other technical analysis, provides the information needed to 
determine appropriate defense-in-depth strategies (George 
Apostolakis, NRC commissioner, PSAM Tokyo, 2013). 
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PRA: From initiating events to public risk 
• PRA (Probabilistic Risk Assessment) 

– Comprehensive and systematic analysis and assessment of each potential event 
(failure, abnormal condition) and of a combination of such events likely to occur  
for components and systems comprising the concerned installation, in order to 
quantitatively assess the probability (or frequency) of events that may pose risks 
and the magnitude of damage caused by such events. 

– In PRA for nuclear power plants, firstly, potential accident sequences that are 
likely to lead to core damage, containment failure, and such, through the 
combination of initiating events, such as abnormal transient events, or loss of 
reactor coolant accidents failures of equipment functions designed to terminate 
events or mitigate consequences, are then comprehensively extracted, the 
occurrence probability (or frequency) of each accident sequence is assessed, 
and finally, the potential health risk to the off-site public is assessed. 
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Framework for risk assessment 
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• Assess hazards, fragilities and sequences to understand scenarios, 

frequencies and consequences. 

• Hazard assessment 
– Magnitude and frequency of each hazard 

– Initiating events for internal events, and natural phenomena, etc. for external 

events 

• Fragility assessment, system modeling ⇒ technologies to unravel 

uncertainties 
– Probability of loss of function for equipment, etc. related to the hazards 

– Failure rates for internal events, and conditional failure probabilities for external 

events 

• Sequence assessment 
– Frequency of the loss of safety functions at nuclear power plants, the realization 

of any radioactive hazard (core damage, etc.)  and its consequences  

– Assess uncertainties in factors influencing the realization of any radioactive 

hazards 

– Pay attention to the contribution of support systems, human involvement, etc. 

for internal events. 

– Pay attention to the reduction in redundancy, induced events, deterioration of 

environmental conditions, etc. for external events. 

 



Three PRA levels 

• Level 1 PRA 
– Take internal events and internal and external hazards that may lead to 

core damage due to full or partial failure of the preventive or mitigative 

measures into consideration. 

– Estimate the core damage frequency (CDF) caused by each event or 

hazard. 

– Take other risk sources (loss of cooling of or a leak from a fuel pool) into 

consideration. 

• Level 2 PRA 
– Assess the characteristics, the consequences and the frequency of a 

release of radioactive material to the outside of the containment 

boundary. 

– Analyze the response of the containment vessel in each circumstance 

based on the equipment conditions set out by Level 1 PSA. 

– Specify the containment failure sequences from the perspective of a 

release to the environment and determine the release categories. 

• Level 3 PRA 
– Assess the risk to the public of potential releases in terms of personal 

and social risks using off-site consequence analysis. 



Scope of risk assessment 
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Subcommittee Standards developed State (as of Sept. 3, 2013) 

Level 1 PRA subcommittee Level 1 PSA standard: 2008 Under revision 

Level 2 PSA subcommittee Level 2 PSA standard: 2008 Published 

Level 3 PSA subcommittee Level 3 PSA standard: 2008 Published 

Level 1 PRA subcommittee Shutdown PSA standard: 2010 Published 

Level 1 PRA subcommittee Standards for estimation of PSA parameters: 
2010 

Published 

Seismic PRA subcommittee Seismic PSA standard: 2007 Under revision 
Fragility assessment of earthquake-
initiated events is specified. 

Risk information application 
guideline subcommittee 

Standards for the application of risk 
information: 2010 

Published 

Tsunami PRA subcommittee Tsunami PRA standard: 2011 Under revision (to address the 
seismically induced tsunami) 

Internal flooding PRA 
subcommittee 

Internal flooding PRA standard: 2012 Published 
Extension to seismically induced 
internal flooding PRA 

Fire PRA subcommittee Internal fire PRA standard (draft) Under preparation of new standard 

PRA Quality Subcommittee Standard for ensuring PRA quality (draft) Under preparation of new standard 

Risk Technology Committee Standard for selection of an assessment 
method for external hazard risks 

Under preparation of new standard 

Risk Technology Committee PRA glossary: 2011 Published 

Standards for risk assessment 



Risk due to external events 
• It is difficult to determine the boundaries and the limiting conditions for external 

events. 
– Pursuit of new knowledge and comprehensive analysis 

– Selection of appropriate methods corresponding to the characteristics (impact vector) 

• It is necessary to identify potential external hazards as comprehensively as 

possible. 

→ Potential external hazards list available in Japan 
 Natural disasters 

 Man-made disasters 
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・   A list of potential external hazards was compiled 

through review and categorization of natural 

disasters described in the following domestic and 

foreign literatures. 
Natural Disasters in Japan (Kokkai Shiryo Hensankai): 

Major natural disasters that occurred from AD 416 to 

1995, including secondary disasters, are listed.  

ASME/ANS standards, IAEA NS-R-3: Potential 

external hazards (natural and man-made disasters) that  

should be taken into consideration are described. 

 



Type of external 

hazard 
External hazard 

Natural 

disaster 

Earthquake/ 

tsunami 

disaster 

・ Seismic ground motion  ・ Land subsidence  ・ Ground uplift  ・ Ground fissure  ・ Mud eruption 

・ Liquefaction  ・ Landslip  ・ Debris avalanche  ・ Landslide  ・ Landslip 

・ Flood  ・ Tsunami  ・ Fire 

Volcanic 

disaster 
・ Volcanic bomb  ・ Lapilli  ・ Pyroclastic flow  ・ Lava flow  ・ Debris avalanche 

・ Pyroclastic surge  ・ Blast  ・ Falling ash  ・ Flood  ・ Tsunami 

・ Forest fire  ・ Volcanic gas retention  ・ Cold-weather damage from volcanic gas 

・ Hot water  ・ Earthquake  ・ Collapse of volcanic edifice (crash) 

Meteorologic

al disaster 
・ Windstorm (wind)  ・ Fire caused by windstorm  ・ Snow avalanche caused by windstorm 

・ Sandstorm caused by windstorm  ・ Wind and waves/high sea  ・ Abnormal rise of sea level 

・ Heavy rain (inundation)  ・ Flood caused by heavy rain  ・ Debris avalanche caused by heavy rain 

・ Flash flood caused by heavy rain  ・ Landslide caused by heavy rain  ・Landslip caused by heavy rain・ 

Landslip caused by heavy rain  ・ Storm surge  ・ Seiche  ・ Wind high tide  ・ Fog 

・ Load of heavy snowfall      ・ Snow avalanche caused by heavy snowfall  ・ Snow storm 

・ Flood caused by heavy snowfall  ・ Landslide caused by melted snow  ・Landslip caused by melted snow・ 

Lightning (electric current)  ・ Fire caused by lightning  ・ Hailstorm  ・ Frost  ・ Tornado 

・ Blockage of river flow by seawater  ・ Fall of the level of a lake or river  

・ High temperature  ・ Low temperature (freezing)  ・ Abnormal change in ocean current (due to the Kuroshio 

current) 

Other 

disaster 
・ Forest fire  ・ Coastal erosion  ・ Biological event  ・ Meteorite 

・ High water  ・ Toxic fume  ・ Change in river course 

Man-made disaster ・ Aircraft crash  ・ Artificial satellite  ・ Transport accident  ・ Collision with ship 

・ Turbine missile  ・ Accident in industrial or military facilities 

・ Pipeline accident  ・ Abnormal gas eruption due to the effect of excavation work 

・ Oil spill  ・ Chemical release from on-site storage 

・ Flood or waves due to damage to irrigation structures 

Potential external hazards list 

14 The underlined hazards are listed up because they are specified in the ASME/ANS standards and/or IAEA NS-R-3. 



Improve safety using PRA, but, 

• No methods, 

• No data, 

• No models, 

• No tools, 

• No human resources, 

• No knowledge, 

• Unverifiable,  

• Vast areas that are too large… 
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There is a great 

deal of reasons 

for not conducting 

PRA. 



Risk, severe accidents and PSA 
• Following the valuable lessons learned from the TMI and Chernobyl 

accidents, people worldwide involved in nuclear safety came to 

understand that it is important to reduce the risk of events that are 

much beyond those assumed for design of nuclear power plants and 

may lead to significant core damage/ severe accidents. 

• As a result, a probabilistic safety assessment (PSA) technology  

capable of estimating the likelihood and the consequences of any 

accidents caused by a malfunction or an operating error in a facility 

equipment overlapping with a dysfunction in some safety devices, 

and thereby also capable of quantifying the risk of a severe 

accidents, has been developed. 
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"Interim study and discussion report on safety goals," December 2003, 

Special Committee on Safety Goals, Nuclear Safety Commission 



What is a severe accident? 
 

• A plant state having an extremely low probability of 

occurrence that brings about beyond design basis accident 

conditions. It may occur due to the multiple failure of safety 

systems, leading to significant core damage, and pose a 

threat to many or all boundaries for the release of radioactive 

material. 
• Source: Severe Accident Management, IAEA 

 
• An event which significantly exceeds design basis conditions, 

in which appropriate core cooling or reactivity control could 

not be provided by methods assumed for safety evaluation, 

and as a result, leads to significant core damage. 
• Performance goals for Light Water Nuclear Power Reactor Facilities  

- Performance goals corresponding to proposed safety goals - 

March 2006, Nuclear Safety Commission 
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Ensuring safety at nuclear power plants    

 -Features of a severe accident and handling strategy 

• Incomplete knowledge with large uncertainties. 

• The measures assumed in the frame of the safety 
design do not work well. 

• The boundaries for radioactive material are at risk, 
and there is concern about a release of radioactive 
material. 

 

• Principles for ensuring safety (risk management) 
– Preparation against uncertain or unknown events 

– Preparation against uncertainties associated with 
ineffective safety designs 

– Risk management from the perspective of a radioactive 
material release (public risk) 
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Meaningless without full-scope (up to Level 3) assessment 
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Criterion 1: It is clear that the frequency of a hazard is extremely low. 
 "Temperature change (hot temperature in summer, or freezing (low temperature)" hazard 

does not occur under the geographic conditions of the plant to be assessed. 
Criterion 2: The hazard to be considered does not occur sufficiently close to affect the plant to be 

assessed. 
 Since there are no volcanoes within the geographic region (with a radius of 160 km) of the 

plant to be assessed, it is determined that no hazards related to "volcanic eruption" except 
“ash fall” could occur. 

Criterion 3: The time scale of the progress of the considered hazard is sufficiently longer than the 
time period required to address it. 
 Since the "coastal erosion" hazard takes a long time for to progress, there is enough time 

to take countermeasures at a plant. 
Criterion 4: It is clear that no initiating event that may lead to core damage is triggered for the 

considered hazard occurring at a the plant. 
 Even when "frost" hazard occurs at a plant, it does threaten to cause core damage. 

 
Comprehensive risk judgment (consequence analysis, occurrence frequency analysis): 

conservative judgment based on boundary analysis, etc. 
 
Deterministic robustness assessment: to assess the safety margin, cliff edge, etc. of scenarios 

that may lead to core damage. 
 
Deterministic risk assessment: to deterministically assess the occurrence frequency and the 

consequences of scenarios that may lead to core damage. 
  
PRA: to be conducted when it is difficult to appropriately perform risk management using the 

occurrence frequency alone due to complicated risk profiles and uncertainties. 

For comprehensive risk assessment   

  -Selection of methods (criteria and methods) 



Ensuring safety "that can be trusted"  

depends on PRA 

• Nuclear power plants would be restarted when safety is confirmed. 

– The compliance of safety measures with regulatory standards are judged by experts. 

– There is no zero risk. There is no absolute safety. 

– The greatest challenge is to regain public trust in nuclear regulation. 

• To specify the depth and area of activity to ensure safety. 

– Quantitative safety goals are quantitative indicators for risk management by licensees. 

– Permeation of the ALARA concept (principle to select the most appropriate method). 

• Whether the risk is accepted by society or not. 

– Social acceptance (impossible to feel relieved). 

– Common language to be used for extensive communication with society. 
 

 

• It is a matter of course that data and methods are insufficient when addressing the 

whole scope of events, including severe accidents. 

• Try PRA, estimate risk , and apply PRA with available methods. 

• And continued efforts to improve safety and communicate with society 

– Unresolved Safety Issue 
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How safe is safe enough? 


