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Presentation Outline

• Background

− Nuclear power plant operating experience data sources

• Research focus and motivation

− Analyzing free-text operating experience data: present and future

• Research method

− Input

− Methodological steps

− Output

• Conclusions and next steps
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Background

• Nuclear power plant operating experience (OpE) data

− The data observed and harvested as nuclear power plants operate (including 
during maintenance activities)
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Ma et al. (2022) Exploring Advanced Computational Tools and Techniques with Artificial Intelligence and Machine Learning 

in Operating Nuclear Plants, NUREG/CR-7294, INL/EXT-21-61117. U.S. Nuclear Regulatory Commission.



Background (cont.)
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Ma et al. (2022) Exploring Advanced Computational Tools and Techniques with Artificial Intelligence and Machine Learning 

in Operating Nuclear Plants, NUREG/CR-7294, INL/EXT-21-61117. U.S. Nuclear Regulatory Commission.

OpE Data

1 Plant-specific

1.1 
Operational 

data

1.2 
Maintenance 

data

1.3 Regulatory 
data

1.4 
Miscellaneous

2 Generic 
(national)

2.1 United 
States

2.2 Other 
countries

3 Generic 
(international)

3.1 International Atomic 
Energy Agency

3.2 Organisation for Economic Co-
operation and Development 

Nuclear Energy Agency 

3.3 World Association of 
Nuclear Operators 

3.4 European Committee 
Joint Research Centre

3.5 Others

• Nuclear power plant OpE data can 
be further categorized using multiple 
characteristics including:

− Data (or file) format

• e.g., free-text data

− Data structure

− Data velocity

− Data accessibility

− Relevancy to probabilistic risk 
assessment (PRA)



Research Focus and Motivation

• Analyzing free-text OpE data for risk model parameter estimates

− What are we doing now at Idaho National Laboratory (INL)?

• Storing and coding part of U.S. nuclear industry OpE data in the Nuclear Regulatory 
Commission (NRC) Reactor Operating Experience Data (NROD) database 
(https://nrod.inl.gov)

• Using NROD data to estimate parameters for standardized plant analysis risk (SPAR) 
models through the NRC Reliability and Availability Data System (RADS) web 
calculation app (https://rads.inl.gov)

• The NRC NROD and RADS contain proprietary information and are accessible to 
NRC and Institute of Nuclear Power Operations (INPO) members only

• The SPAR parameter estimate results are publicly accessible through the NRC 
Reactor Operational Experience Results and Database (https://nrcoe.inl.gov)
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Research Focus and Motivation (cont.)

• Analyzing free-text OpE data for risk model parameter estimates

− Current challenges

• “Cherry-picking” from an event record

• Small number of observed failures (i.e., n values)

• Difficulty in justifying and expanding data applications, e.g., to advanced reactors
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• Analyzing free-text OpE data for risk model parameter estimates

− Candidate for future considerations

• Leveraging advanced techniques and tools such as natural language processing (NLP)

− Research focus of this study

• To develop a fully automated NLP tool to analyze free-text event report
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Input: free-text event report

Output: directed acyclic graph

Automated 

NLP Tool

Research Focus and Motivation (cont.)



Input to Automated NLP Tool
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• Selected a publicly available data source (i.e., licensee event report [LER]) for this study



Methodological Steps to Analyze a Single Event Report
Step 1: Identify sentences containing causal relationships

• Prepare keywords list

• Extract causal sentences

Step 2: Process single sentence

• Keyword tuples

• Extract dependencies

• Create the cause-and-effect nodes

• Parts of 45 nodes (in this case study)

Step 3: Combine/process relationships from multiple sentences

• Calculate the similarity between the causes and effects

• Remove the duplicate relationships

• Replace the similar causes or effects by using consistent phrases

• Reduce to 13 refined nodes (in this case study)

Step 4: Generate the visualized relationship graph



a) Keyword filter result

b) Tuple information for each sentence 

c) Dependencies and relationship extraction for a single sentence

Identifying Causal Relationships



Identifying and Combining Duplicated Entities

a) Original single sentence relationships 

b) Refined multiple sentences’ relationships 



Output from Automated NLP Tool
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2a 2b 2c 2d

1

3 4

5 6 7

0. An acrid odor in control room

1. Entry into a 24-hour shutdown action statement

2. Four atmospheric steam dump valves inoperable

3. Valve automatic operation disabled

4. Valve manual operation disabled

5. Fuse opened

6. Steam dump control relay coil failure

7. Relay coil overheating

8. Relay coil age being beyond the vendor recommended life

9. Wrong determination of relay duty cycle (high vs. low)

0
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Consequences

Valve
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Conclusions and Next Steps
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• Conclusions

− Developed a fully-automated NLP tool to analyze a single report

• Input: a free-text, event-describing report

• Output: a causal network representing event initiation and propagation

• Next steps – a long way to go

− Make full use of past

• Expand tool capability to analyze multiple reports and aggregate results

− Use “past” to inform future

• Utilize results to inform risk model parameter estimations

− Enhance physical understanding of failure initiation and propagation

− Complement limited data pool of failure events with analysis of non-failure events (e.g., 
near misses, failure precursors, or even success data)

− Investigate applicability of existing data to, for example, advanced reactors
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