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Background
2

Observed Data

OpE Data Experimental 
Data

Data Used for Analysis

Observed Data
(anonymized) Synthetic Data Synthetic Data

(anonymized)

Simulated Data

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.

• Nuclear power plant operating 
experience (OpE) data 
− The data observed and harvested 

as nuclear power plants operate
− Can be 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)



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

− What we are doing now
• Part of U.S. nuclear industry OpE data are stored and coded by Nuclear Regulatory 

Commission (NRC) and Idaho National Laboratory (INL) in the NRC Reactor Operational 
Experience Results and Database (https://nrcoe.inl.gov/ParamEstSpar/) to update and 
maintain parameter estimates for standardized plant analysis risk (SPAR) models

− Current challenges
• “Cherry-picking” from an event record
• Small number of observed failures (i.e., n values)
• Difficulty to justify and expand data applications, e.g., to advanced reactors
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• Using natural language processing (NLP) to enhance OpE text data analysis
− Funded by U.S. NRC under Computational Support for Risk Applications Project
− From causal learning to causal inference

• Enhance physical understanding of failure initiation and propagation
• Facilitate use of non-failure data to complement the limited data pool of failures
• Support evaluation of applicability of existing data to, e.g., advanced reactors
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Methodological 
Steps

1. Extract 
causal 

sentences

2. Parse 
causal 

sentences

3. Extract 
cause and 

effect events

4. Refine 
cause and 

effect events

5. Aggregate 
and visualize 

cause and 
effect events

Strategy-Based Approach for Steps 1-3
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Example Input Data
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• Our NLP tool can take in a variety of files, such as PDF, text, and csv



Results (One Event Report)
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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
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Results (Twenty Event Reports)
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Failure causes

Failure modes
Not explicitly stored in current NRC database yet



Summary and Next Steps
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• Summary
− Developed an NLP tool to extract and aggregate causal relations from multiple reports

• Input: event narratives
• Output: a causal network representing failure initiations and propagations

• Now working on
− Transition from current rule-based approach to machine-learning (ML)-based models

• To accommodate the need of large-quantity analysis for inference model establishment
• To leverage existing ML-based NLP models in other domains (e.g., medical) based on 

transfer learning
− Developing a labeled benchmark data set to serve ML model training

• ~100 motor-operated valve failure records
• Semi-manually labeled by analysts

− Powered by a web-based text labeling tool that we recently developed
− Transition from causal learning to causal inference model development



Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy. 
INL is the nation’s center for nuclear energy research and development, and also performs research 

in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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No. Event No. Event No. Event
1 Valve wrongly opened 22 Torque switch failed to close 43 Inappropriate manipulation
2 Valve failed to open 23 Shaft disengaged 44 Loose fuse connection
3 Valve wrongly closed 24 Fatigue 45 Vibrations
4 Valve status unstable 25 Foreign material in a contactor 46 Wrong bolt installed
5 Valve failed to close 26 Weld failed 47 Foreign materials left
6 Valve leakage 27 Flow switch failed 48 Valve unable to be closed at 

normal force
7 Load driver wrongly activated 28 Relay wires lifted and incorrectly landed 49 Valve coasting further opened
8 Positioner failed 29 One phase of power inhibited, and other phases 

experienced high amps
50 Steam leak from nearby

9 Valve stem rotation 30 Torque switch corrosion 51 Lack of filtration device
10 Relay failed 31 Roll/shear pin broken 52 Inadequate preventive 

maintenance frequency
11 Power supply interrupted 32 Overstress 53 Contacts between parts
12 Motor operator control failed 33 Suppressors failed 54 Binding
13 Valve grounding 34 Pilot valve stuck 55 Subpart displacement
14 Debris from control air 35 Wear 56 Random failure
15 Valve actuator failed 36 Contactor susceptible to foreign material 57 Manufacturing deficiency
16 Vent line crack 37 Inadequate inspection procedure 58 Design deficiency
17 Circuits energized 38 Incomplete preventive maintenance procedure 59 Human error
18 Contactor stuck 39 Inadequate performance monitoring 60 Degradation
19 Torque switch arm disengaged 

from stem key
40 Ineffective troubleshooting 61 Environmental impact

20 Anti-rotation key dropped out 41 Loose sliding link 62 Organizational deficiency
21 Thermal overload device tripped 42 Internal water leakage 63 Installation error

Backup Slide – Results (Twenty Event Reports)


