INL/MIS-22-68803-Revision-0

Natural Language
Processing-Enhanced
Nuclear Industry Operating
Experience Data Analysis to

Support Risk Model
Parameter Estimations

September 2022

Sai Zhang, Fei Xu, Zhegang Ma

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/MIS-22-68803-Revision-0

Natural Language Processing-Enhanced Nuclear
Industry Operating Experience Data Analysis to
Support Risk Model Parameter Estimations

Sai Zhang, Fei Xu, Zhegang Ma

September 2022

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Natural Language Processing-Enhanced Nuclear
Industry Operating Experience Data Analysis to
Support Risk Model Parameter Estimations

Sai Zhang, Fei Xu, Zhegang Ma
ldaho National Laboratory, USA
Sai.Zhang@inl.gov, Fei. Xu@inl.gov, Zhegang.Ma@inl.qov

1“'_ ldaho National Laboratory




- 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

IDAHO NATIONAL LABORATORY



Jlll Background

* Nuclear power plant operating experience (OpE) data

— The data observed and harvested as nuclear power plants operate (including
during maintenance activities)

Data Used for Analysis
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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.




Jll Background (cont.)
OpE Data
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Miscellaneous

* 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)

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.




- 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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Jlll 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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Jlll Research Focus and Motivation (cont.)

* 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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lll Input to Automated NLP Tool
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At the Palisades Nuclear Plant, on June 16, 2021, at 1550 EDT, with the plant in Made 1, at 100% power, operations identified
an acrid odor in the control room. Investigation revealed that the steam dump conlrol relay had failed, rendering all four
atmospheric steam dump valves (ASDVs) inoperable.

The relay was replaced and the ASDVs were returned to service, The plant remained stable in Mode 1 at 100% power
throughout the event. The safety significance of this event was minimal. This event is reportable in accordance with 10 CFR
50.73(a)(2)(v)(D) as an event or condition that at the time of discovery could have prevented the fulfiiment of the safety function
of structures or systems that are needed to mitigate the consequences of an accident.

The main steam dump and bypass system [SB] consists of four automatically actuated ASDVs which exhaust to
atmosphere, and a turbine [TRB] bypass valve [V] which exhausts to the main condenser [COND]. The tetal capacities of
the ASDVs and turbine bypass valves are 30% and 4.5%, respectively, of steam flow with reactor [RCT] at full power. The
capacity of the ASDVs is adequate to prevent lifting of the main steam safety valves [RV] following a turbine and reacter
trip. The turbine bypass to the main condenser provides for removal of reactor decay heat following reactor shutdown.
Althcugh the steam dump system is arranged for automatic operation, the ASDVs may be manually controlled from either
control room or engineered safeguards control panels. The ASDVs have a back-up nitrogen supply to allow steam
generator [SG] pressure control during station blackout

Troublesheoting the circuit identified that the Bussmann fuse FUZ/IM13-1 [FU], model number FNM-5, was found opened
due to the steam dump control relay (SDCR) coil [CL] failure. The opening of the fuse resulted in loss of power to the
IM13 scheme, which disabled the automatic fast-open function, as well as the manual operation, of the ASDVs. Upen
further examination, the SDCR was found to have signs of overheating. The cause of the SDCR coil failure is overheating
due to the age of the relay coil being beyond the vender recommended life for a normally energized relay. The subject
relay was not classified properly in 2005 when all safety systems and component classifications were validated. The duty
cycle of the relay was set at “low duty cycle” when it should have been “high duty cycle” due to the normally energized
state of the relay. The relay is manufactured by General Electric and is model HFA 12HFA51A49H.

The fuse and relay were replaced and the ASDVs were returned to service. The elapsed time from the discovery of the
failure until the ASDVs were retumed to service was approximately 12 hours. There were no structures, systems, or
components that were inoperable at the start of the event that contributed to the event.

CAUSE OF THE EVENT

Fuse IM13-1 opened, which disabled the automatic fast-open function, as well as the manual operation, of the ASDVs.
The fuse opened because the SDCR relay failed due to an internal failure of the electrical coil. The cause of the relay coil
failure is overheating due to the age of the relay coil being beyond the vendor recommended life. The relay coil was
beyond the vender recommended life because the duty cycle of the relay was set at “low duty cycle” when it should have
been “high duty cycle” due to the normally energized state of the relay.

CORRECTIVE ACTIONS

The fuse and relay were replaced. The p i ion code is being revised to show the relay as
high duty cycle as it is continuously energized. This action will appropﬂately pricritize maintenance for the relay and
prevent recurrence of this failure

PREVIOUS SIMILAR EVENTS

None.

Selected a publicly available data source (i.e., licensee event report

NRC FORM 368A (08-2020) Pana a2 ~ a

WRC FORM 3664 (08-2020) Paae a of a

[LER]) for this study



Jlll Methodological Steps to Analyze a Single Event Report

Step 1: Identify sentences containing causal relationships

* Prepare keywords list
e 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

IDAHO NATIONAL LABORATORY



Jll |dentifying Causal Relationships

[ Investigation revealed that the steam dump control relay had failed, rendering all four atmospheric steam dump valves (AS
DVs) inoperable', ' The opening of the fuse resulted in loss of power to the IM13 scheme, which disabled the automatic fast-
open function, as well as the manual operation, of the ASDVs', ' The cause of the SDCR coil failure is overheating due to th
e age of the relay coil being beyond the vendor recommended life for a normally energized relay', ' Troubleshooting the circu
it identified that the Bussmann fuse FUZ/IM13-1 [FU], model number FNM-5, was found opened due to the steam dump control rel
ay (SDCR) coil [CL] failure', ' The cause of the SDCR coil failure is overheating due to the age of the relay coil being beyo
nd the vendor recommended life for a normally energized relay', ' The duty cycle of the relay was set at "low duty cycle" whe
n it should have been "high duty cycle” due to the normally energized state of the relay', ' The opening of the fuse resulted
in loss of power to the IM13 scheme, which disabled the automatic fast-open function, as well as the manual operation, of th
e ASDVs', ' Investigation revealed that the steam dump control relay [RL Y] had failed, rendering all four atmospheric stea

m d . and causing an entry into a 24-hour shutdown action statement limiting condition for
a) Keyword filter result

[(13, 13, 'rendering’')]
[(19, 19, 'rendering'), (37, 37, 'causing')]

[(6, 6, 'resulted'), (19, 19, 'disabled'), (28, 38, 'as well as')]
[(6, 6, 'resulted'), (19, 19, 'disabled'), (28, 38, 'as well as')]
F(2, 2, 'cause'), (11, 12, 'due to')] |
6, 'resulted’), (19, 19, ‘disabled’), (28, 38, 'as well as')]
29, 'due to')]

nsubj
nmod-of- nmod:of acl beyonc
bl:due_fo.
case
-ﬁ!et \N m.—mmpnundwmmpnund BZ WBZT-A™ VBG W@ --det -’/-ﬁ-—mmpnund I det: - -a-amod

The cause of the relay coil fallure is overheatlng due to the age of the relay c0|l belng beyond the vendor recommended Ilfe

4 overheating cause the SDCR coil failure
4 the age of the relay coil being beyond due to overheating

c) Dependencies and relationship extraction for a single sentence



Identifying and Combining Duplicated Entities

st cause key word effect
0 Investigation revealed that the steam dump control relay had failed, \/ rendering all four atmospheric steam dump valves (ASDVs) inoperable
@ Investigation revealed that the steam dump control relay [RL Y] had failed, rendering all four atmospheric steam dump valves (ASDVs) [PCV] inoperable, an
1 |Investigation revealed that the steam dump control relay [RL Y] had failed, causing an entry into a 24-hour shutdown action statement limiting condition f
2 The opening of the fuse resulted irY'loss of power to the IM13 scheme, which
2 in loss of power to the IM13 scheme, which \/ disabled the automatic fast-open function,
2 in loss of power to the IM13 scheme, which disabled the manual operation, of the ASDVs
The opening of the fuse resulted in loss of power to the IM13 scheme, which
loss of power to the IM13 scheme, which disabled the automatic fast-open function,
loss of power to the IM13 scheme, which disabled the manual operation, of the ASDVs
4 overheating cause the SDCR coil failure
4 the age of the relay coil being beyond the vendor recommended life for a norrr due to overheating
The opening of the fuse resulted in loss of power to the IM13 scheme, which
loss of power to the IM13 scheme, which disabled the automatic fast-open function,
5/in loss of power to the IM13 scheme, which disabled the manual operation, of the ASDVs

a) Original single sentence relationships

sit cause key word  effect
0 the steam dump control relay failure rendering  all four atmospheric steam dump valves (ASDVs) inoperable
1 overheating cause the steam dump control relay failure
1 the age of the relay coil being beyond the vend due to overheating
2 The opening of the fuse resulted in loss of power to the IM13 scheme
2 in loss of power to the IM13 scheme disabled  the automatic fast-open function,
2 in loss of power to the IM13 scheme disabled  the manual operation, of the ASDVs
4 the steam dump control relay failure causing an entry into a 24-hour shutdown action statement limiting condition for operation 3
7 the steam dump control relay failure due to The opening of the fuse
9 the normally energized state of the relay due to the duty cycle of the relay was set at "low duty cycle" when it should have been "high duty cycle"
10 an internal failure of the electrical coil due to the steam dump control relay failure
12 the duty cycle of the relay was set at "low duty because the age of the relay coil being beyond the vendor recommended life

b) Refined multiple sentences’ relationships
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Jlll Output from Automated NLP Tool
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ll Conclusions and Next Steps

 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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