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Background

 Commercial nuclear power utilities have large amounts of 
equipment maintenance records captured over many 
decades
 Due to a combination of advancements in computational 

capabilities and external market financial pressures on the 
nuclear power industry, EPRI has engaged in a project to 
analyze and more effectively utilize maintenance data in 
order to implement more cost-effective preventative 
maintenance (PM) strategies
 Some utilities have applied a combination of natural 

language processing (NLP) and an artificial neural network to 
evaluate similar plant process data to improve the 
administration and evaluation of programmatic data to 
reduce the required labor resources.
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Project Objective
 Utilizing machine learning (ML) and data analytics 

(DA), determine to what extent these analysis 
tools can analyze large volumes of equipment 
data and provide insights leading to improving 
plant equipment reliability and/or reduce 
significant equipment related events
– EPRI has collected approximately 18 million 

maintenance work order records from 10 
utilities over the last few years

 Using NLP, compare the work order history of 
similar components across a number of different 
utilities and plants
‒ Compare statistical annual costs of each 

matching (similar) component with existing PM 
strategy

 Evaluate the impact of different PM strategies 
based on total CM and PM costs (both labor and 
material)

http://www.epri.com/
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Technical Details
– From the 10 EPRI utility members that 

routinely provide WO data, 4 were 
selected to be used for the project due 
to:
 the volume of work order data details
 commonality of work order data fields

– Prepare work order data -> Component 
ID Dataset
 Remove/Link duplicate work order 

entries
 Concatenate text entries and sum 

hours, costs for each component id
– Total PM and CM hours & costs

http://www.epri.com/
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Data Quality

http://www.epri.com/
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Matching Component ID’s

Process (NLP) for matching similar Component IDs
1. Collect work orders for each Component ID and combine into the Component ID Dataset
2. Train word models to obtain vocabulary in the dataset for both text fields
3. Evaluate word and phrase occurrences for each Component ID in the dataset
4. Compute the pairwise cosine distance for each Component ID to other Component IDs in the 

dataset

a) Separate dissimilarity score for each field D = 1 − 𝑢𝑢�𝑣𝑣
𝑢𝑢 2 𝑣𝑣 2

, which ranges from 0 

(same) to 1 (different)
b) Potential matches have 𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶 < 0.5
c) Matches are sorted based on 𝐷𝐷𝑊𝑊𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑣𝑣𝐴𝐴𝐴𝐴𝐴𝐴

http://www.epri.com/
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Example Component Description Matching

http://www.epri.com/
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PM Strategy Comparison Overview

Work Order Data
Cleaned Work 

Order Data Component ID 
Dataset

Remove/Link 
Duplicates Concatenate/Sum 

by Component ID

Clean Text Data Train Vocabulary Evaluate Word 
Occurrences

Calculate 
Component ID 

Matches
Component PM 

Strategy 
Comparison

Sort/Filter by 
Dissimilarity Score

Prepare Work Order Data for Component ID Comparison

Prepare Text Fields for 
Analysis Calculate Matches to Compare PM Strategy Costs

http://www.epri.com/
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Clean Data Text & Train Vocabulary 
 Preparing Text Fields for Analysis

– Creating a list of stopwords streamlines the text 
analysis process

– Acronym translation matrix improves matches and 
larger volumes of acronyms will lead to more
accurate text matches

http://www.epri.com/
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Data Analysis of the Project

 Analysis Steps 
– Develop and test the computational architecture and 

algorithms to be used to perform the data analytics
– Created K-mode clustering algorithms and applied to an 

example dataset to establish initial data clustering and 
to identify data centroids

– Created an acronym translation matrix and applied to a 
sample set of the dataset

– Processing of text data fields and incorporated results 
into clustering analysis

– Correlation of text field phrases with actual labor hours 
and costs

http://www.epri.com/
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Data Analysis of the Project (Test Dashboard)
 Statistical Analysis of Work Orders

– Developed K-mode clustering approach to identify similar work orders
– Performed statistical assessment of clusters to identify trends in material and labor costs

 PM Strategy Comparison
– Developed approach to identify similar equipment at different sites and utilities
– Developing the ability to examine the impact of different PM strategies on the overall maintenance 

costs

Queried Component ID

PM Strategies for each 
selected Component 

ID

Annualized Material 
Costs and Labor Hours

http://www.epri.com/


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m12

Challenges

 Data Quality
– These records are in a variety of host database software programs
– There is not a standard set of data fields utilized by all utilities
– Due to the variation of original plant architect engineers, system and 

component IDs vary  
– Within the industry there is not a standard set of acronyms
– High dollar value and negative values for select labor hours and material 

costs require further text field review for resolution 

http://www.epri.com/
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EPRI Technical Update
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Conclusions and Next Steps
 Although the results from this project were successful, additional insights 

could be gained from a broader selection of utility data
 The NLP analysis approach demonstrated that high-quality comparisons of 

similar component systems/functions from different utilities and sites is 
possible
 Technologies developed in this project would be of interest to utilities, but 

additional work would be required to facilitate that direct member access 
= utility personnel would need to be capable of data analysis techniques
 Pre-processing software would need to be updated in order to apply it to 

the entire group of utility member datasets
 EPRI would need to establish the extent to which data would be shared 

amongst utilities due to the sensitive nature (resources & material costs) 
of the data records

http://www.epri.com/
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Together…Shaping the Future of Electricity
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