
Quick Insight Brief: 
Leveraging Ar tif icial Intel l igence for 

Nondestructive Evaluation

With the power to substantially transform nearly every form of industry—just like electricity did in the last century—artificial in-
telligence (AI) has been branded as “the new electricity.” Its impact on nondestructive evaluation (NDE) is a case in point. The 
purpose of this Quick Insight brief is to discuss areas where AI can impact NDE in the nuclear sector and inform the industry about 
current EPRI research activities on AI for NDE. 

RESEARCH QUESTIONS
To help the nuclear industry understand the potential use cases of AI for NDE, this brief addresses the following questions: 

▶ How can AI be used for NDE in the nuclear sector?

▶ What is needed in order for AI solutions for NDE to be developed?

KEY POINTS
▶ NDE in the nuclear industry can leverage AI in three key areas: automated analysis of NDE inspection results, analysis of

real-time NDE monitoring, and informing inspection planning through assessment of NDE history.

▶ AI technologies can provide a powerful tool to aid the nuclear industry in performing many of its customary NDE inspections,
by further improving reliability and reducing the time needed for NDE inspection data analysis.

▶ Collaboration among all stakeholders is essential for the nuclear industry to realize the potential benefits of AI.

LEVERAGING AI FOR NDE
AI can be applied in three broad functions associated with NDE as used by the nuclear industry: analyzing or assessing the 
results of routine NDE inspections, enabling real-time monitoring of systems or components, and extracting lessons from inspection 
history to inform inspection planning. 

Automated Analysis of NDE Inspection Results 
Using AI to analyze NDE inspection results can make it possible to apply advanced automated analysis techniques to detect or 
characterize target conditions, such as flaws or equipment faults. As a result, inspection reliability increases and the analysis time 
is reduced, while at the same time human error is minimized. 
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EPRI is engaged in several research projects involving each of 
the main NDE sciences. Some representative examples follow.

Ultrasonic Inspection: Ultrasonic testing (UT) is the most com-
mon volumetric inspection method used in the nuclear industry, 
and it is an integral part of any in-service inspection (ISI) pro-
gram. The reliability of such inspections is key to ensuring the 
safe operation of power plants. With a vision of increasing 
inspection reliability, the NDE program at EPRI is leading ef-
forts to develop auto-analysis capabilities for challenging UT 
inspections. These include inspections of dissimilar metal welds 
and reactor vessel upper head (RVUH) penetration welds, a 
demanding task requiring highly skilled data analysts to review 
a significant amount of data. 

Eddy Current Inspection: Automated analysis of eddy current 
inspections is already available for steam generator tubing. 
These inspection procedures are specific to steam generators 
and do not extend to inspections of balance-of-plant (BOP) 
components such as heat exchanger (HX) tubing. Although cur-
rent inspection techniques for BOP applications are satisfactory 
for detecting damage, inspectors are challenged when charac-
terizing certain types of operating conditions. This limitation in 
defect characterization can lead to the unnecessary plugging 
of tubes and consequent loss of performance, or unexpected 
leaks.

EPRI’s NDE program is leveraging machine learning (ML) tech-
niques to characterize the depth of inside-diameter defects in 
HX tubing. Preliminary results show at least a two-fold improve-
ment in accuracy when compared to traditional practices.

Visual Inspection: EPRI’s several efforts around machine vision 
(MV) apply AI techniques to image data. These include au-
tomated analysis of remote visual inspection of four-face fuel 
assemblies, reactor vessel internals, and containment buildings. 
In the latter case, such tools could enable utilities to maximize 
the benefits found in deploying unmanned aerial systems for 
remote visual inspections. In general, the objective of these 
efforts is to automatically detect the applicable damage types 
in the recorded images, either in real-time or in post-processing. 

Figure 1 presents an example of the output of the concrete dam-
age localization model under development (see technical brief 
3002018419). The results of the initial model on a limited 
dataset show that this approach is feasible and if implement-
ed can provide added value to the nuclear industry through 
increased reliability and efficiency. EPRI continues to improve 
these models and is developing tools to implement and deploy 
them.

Figure 1. Example of the Concrete Damage Detection Model. Details 
show a crack detected between tendon caps (top right); grease stain 
detection around tendon caps (bottom left); crack and grease stain 
detections on the wall, with a miscalled efflorescence (bottom); and 
corrosion detection (bottom right).

Analysis of Real-Time NDE Monitoring
For some assets, continuous monitoring can be more cost-effec-
tive and efficient than routine inspections. To move toward con-
tinuous monitoring, the industry will need to ingest and process 
a large amount of streaming data. AI can provide the tools to 
analyze this data and perform real-time assessment of the evolv-
ing condition of the monitored component.

One such EPRI effort involves processing data from guided 
wave sensors to continuously monitor heat exchanger shells for 
flow-accelerated corrosion (FAC) damage. EPRI is also exam-
ining active flaw growth monitoring as well as tendon tension 
monitoring, which could replace expensive and hazardous pe-
riodic lift-off tests.
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Therefore, the need for data remains one of the biggest chal-
lenges to making substantial progress. Because it is not likely 
that any one utility will have enough data to develop high-per-
forming AI models for NDE applications, collaboration among 
all nuclear industry stakeholders is essential to realizing the po-
tential benefits of AI. In recognition of this and of the potential 
positive impact that leveraging AI for NDE can have on the in-
dustry, EPRI has included NDE data in the EPRI10 as one of the 
10 most impactful datasets in the industry, and is continuously 
engaged in collaborative efforts with all industry stakeholders 
to collect, anonymize, curate, and share relevant datasets. 

Most of the projects discussed in this Quick Insight brief are 
examples of such a collaboration, as they have been derived 
from field data provided by EPRI’s member utilities. As more 
data is collected to inform the models, the preliminary results 
discussed can be validated, the overall reliability of AI will 
improve, and the benefits of AI to the industry can be realized. 

EPRI RESOURCES
If you would like to get involved with EPRI on AI for NDE or 
have ideas and feedback on the topic, please contact Thiago 
Seuaciuc-Osorio, Senior Technical Leader, at 704.595.2841 
or tsosorio@epri.com. 

To learn more about EPRI’s AI initiative, visit ai.epri.com. 

Nondestructive Evaluation 

Informing Inspection Planning Through NDE 
Inspection History 
Over the years, the nuclear industry has accumulated a large 
history of NDE inspections across many inspection programs. 
AI offers an opportunity to assess this rich operational experi-
ence holistically for trends or other insights relating to compo-
nent aging and condition. 

EPRI is engaged in efforts to mine industry inspection databases 
for trends. If carefully studied, they may provide information 
about suspect areas before remedial action is needed. One 
such project is developing capabilities to retrieve historical UT 
information; by adding the information to digital databases, 
data analytics evaluation techniques could then identify trends 
or leading damage indicators. 

In another project, EPRI hopes to leverage ML to better inform 
FAC inspection programs in their entirety. For modeled loca-
tions, preliminary research (see technical brief 3002019731) 
has shown potential for ML techniques to provide more ac-
curate predictions of wear rates. This effort continues and is 
being expanded to susceptible-not-modeled (SNM) locations 
that comprise more than half of a typical FAC program. In this 
case, the objective is to leverage ML to rank the locations in 
terms of susceptibility and risk in order to optimize FAC inspec-
tion schedules.

COLLABORATION: KEY FOR AI SUCCESS
AI technologies can be a powerful tool to aid the nuclear in-
dustry in performing many of its customary NDE inspections, 
improving both their reliability and efficiency. However, the de-
velopment of such techniques typically requires a considerable 
amount of data to train and validate the AI models. EPRI is 
engaged in efforts to generate and leverage synthetic data to 
augment training datasets and improve model performance, 
but 1) they often require real seed data, and 2) synthesized 
data cannot be used in testing. 

0

https://www.epri.com/research/products/000000003002019731
https://www.epri.com/thought-leadership/artificial-intelligence/data-sets
ai.epri.com


DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED 

BELOW AS AN ACCOUNT OF WORK SPONSORED OR COSPONSORED 

BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI). NEITHER EPRI, 

ANY MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) 

BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER,

EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE USE OF ANY INFORMA-

TION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN

THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A

PARTICULAR PURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON

OR INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PAR-

TY’S INTELLECTUAL PROPERTY, OR (III) THAT THIS DOCUMENT IS SUITABLE

TO ANY PARTICULAR USER’S CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY

WHATSOEVER (INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF

EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBIL-

ITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF

THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD, PRO-

CESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PRO-

CESS, OR SERVICE BY ITS TRADE NAME, TRADEMARK, MANUFACTURER, 

OR OTHERWISE, DOES NOT NECESSARILY CONSTITUTE OR IMPLY ITS 

ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI.

THE ELECTRIC POWER RESEARCH INSTITUTE (EPRI) PREPARED THIS REPORT.

THE TECHNICAL CONTENTS OF THIS PRODUCT WERE NOT PRE-
PARED IN ACCORDANCE WITH THE EPRI QUALITY PROGRAM MAN-
UAL THAT FULFILLS THE REQUIREMENTS OF 10 CFR 50, APPENDIX 
B.THIS PRODUCT IS NOT SUBJECT TO THE REQUIREMENTS OF
10CFR PART 21.

Note 

For further information about EPRI, call the EPRI Customer Assistance Cen- 

ter at 800.313.3774 or e-mail askepri@epri.com.

The Electric Power Research Institute, Inc. (EPRI, www.epri.com) 

conducts research and development relating to the generation, delivery and 

use of electricity for the benefit of the public. An independent, nonprofit 

organization, EPRI brings together its scientists and engineers as well 

as experts from academia and industry to help address challenges in 

electricity, including reliability, efficiency, affordability, health, safety and the 

environment. EPRI also provides technology, policy and economic analyses to 

drive long-range research and development planning, and supports research 

in emerging technologies. EPRI members represent 90% of the electricity 

generated and delivered in the United States with international participation 

extending to nearly 40 countries. EPRI’s principal offices and laboratories 

are located in Palo Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; Dallas, 

Texas; Lenox, Mass.; and Washington, D.C.

Together . . . Shaping the Future of Electricity

3002021074	 April 2021

Electric Power Research Institute 
3420 Hillview Avenue, Palo Alto, California 94304-1338 • PO Box 10412, Palo Alto, California 94303-0813 USA 
800.313.3774 • 650.855.2121 • askepri@epri.com • www.epri.com

© 2021 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power Research Institute, EPRI, and TOGETHER . . . SHAPING THE FUTURE OF ELECTRICITY are 
registered service marks of the Electric Power Research Institute, Inc.0




