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Open Comprehensive Nuclear Events 
Database
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Learning from experience*

 Pooling events and statistical/empirical testing is 
desirable, incl. to answer big-picture risk questions 
 Completeness?

 More lessons can be learned from the operating 
history, incl. for PSA methodology

 Lack of open comprehensive info for scientists and 
the public about adverse events in commercial NPP

 The total consequences of events must be studied to 
understand the true value of safety investments.

“Nuclear safety requires a continuing quest for 
excellence including learning from safety 

research and operating experience” - IAEA

Only “few” significant events need to be reported to the 
international community; “several” consequential events to 
national regulators; and “thousands” of low-level events 
need not be shared outside of the utility. 

*448 (mid 2018) reactors in operation, more than 15’000 accumulated reactor-years, event reporting systems are established
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Cost & safety measurement

International Nuclear Event Scale

4

Diverse relationship between safety 
significance and consequences of events

Regulatory analysis

 INES inconsistent wrt safety relevance, mixes core relevant with not.

 One fatality or minor release (INES 3-4), near-miss of major accident (INES 3).

 Frequency: Incidents/precursors to study probability of core damage and large releases.

 100s of events rather than 5/15’000 ~ (1,10)x10-4

 Severity: CCDP, cost of consequences, mushrooming upon core damage.

 Approximate / order of magnitude sufficient

 Regulation does not require study of consequences (PSA level 3), despite being key for 
risk-informed decisions, e.g., CBA on buying down risk.
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 IAEA IRS: Not open, about 400 events have an INES score, mostly 0-1, none above 2. 

 WANO opEx: Not open. High quality and degree of technical detail. 

 EU JRC opEx: Draws on reports from Western national regulators since 2006. Provides 
practical safety lessons-learned. Open by request.

 NRC LER: Open, enormous, US only, since 1980. No searchable severity measure. 

 NRC ASP: Comprehensive precursor analysis, US only, no database.

 National regulatory agencies: diverse, limited scope

 KINS: Useful search-able database of hundreds of anomalies and incidents. Korea only.

 …
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Limited data for scientific & public use

• A number of academic studies have relied on very limited samples of INES 
events1,2 as well as cost/consequences3-5.

[1] M. Ha-Duong, V. Journe. "Calculating nuclear accident probabilities from empirical frequencies", Environment Systems and Decisions 34.2 (2014). 
[2] L. Escobar Rangel, & F. Leveque. "How Fukushima Daiichi core meltdown changed the probability of nuclear accidents?", Safety Science 64 90-98 (2014).
[3] M. Hofert, & M. Wüthrich. "Statistical review of nuclear power accidents." Asia-Pacific Journal of Risk and Insurance 7.1 (2011).
[4] D. Sornette, T. Maillart, & W. Kröger. "Exploring the limits of safety analysis in complex technological systems." International Journal of Disaster Risk Reduction 6 (2013): 59-66.
[5] S. Wheatley, B. Sovacool, & D. Sornette. "Of disasters and dragon kings: a statistical analysis of nuclear power incidents and accidents." Risk analysis 37.1 (2017): 99-115.

Existing event databases
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Comprehensive open nuclear events database

 Approach: compile, expert review, simplify, 
annotate

 Threshold completeness

 Comprehensive*: full history, global, and all 
technologies

Content

 Brief description: initiator, development, 
counsequence

 Severity*: INES, approx total cost, CCDP

 Attributes: Origin, failure mode (H/T), etc.

 Operational modes

Sources

 NRC: ASP, LER; IAEA INES; NEA topical 
reports; EU JRC; Reports from national 
regulators

 Diverse documented online search

Examples
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Data overview & basic insights
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Of the >500 events at NPP with potential core safety relevance:

Table: Count of specified INES scores by region

20 percent of events are multi-unit.

Breakdown of events by category:
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Snapshot of online database
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Cost of incidents & accidents
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 NRC Regulatory Analysis, 2013 OECD/NEA workshop, ISRN estimate, provide guidelines.

 TMI: Costly reforms, increasing the price of electricity (also increasing safety).

 Fukushima: Large economic costs, with costs due to latent cancer relatively low.

 Alarming precursors have led to costly retrofitting (also increasing safety), and 
programmatic weaknesses have led to costly downtime.

 Major accidents dominate  approx. estimates sufficient.

 ~0.1 cents per kWh accident externality.
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Key messages

 Goal: provide a basis to fully learn from experience

 Answer big-picture questions about risk 

Project

 Small-scale, 3 years PhD-project, supervised by experts in relevant 
disciplines – in close cooperation with industry

 Progressing and still open to (foreign) collaborations.

 Wide-scale precursor analysis making use of our large-scale open 
database, model development where appropriate

Use, review, and contribution to the db greatly appreciated!
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