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Motivation & background

Length of typical fuel assembly ~ 4 meters

Features of interest ~ few milimeters

Visual inspection of single fuel assembly ~ tens minutes of video
recording

Image processing may help:
*  Visualization and human readability
* Automation of routine tasks
«  Anomaly detection assistance

www.kernbrennstoff.de
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Motivation & background

CVR performs the fuel inspection since
2011 for Temelin NPP (WWER-1000)

Since 2023 CVR started the
cooperation with vendors of square
fuel type

Implementation of new inspection equipment

Research p -~ "4
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M. Ruchaf. M. Stipek. Stend inspekci palivovych soubort. Clanek v Jadernd energetika, redakce_04_2022,
p. 16, Nov. 2022.
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Motivation and needs

The fuel can be inspected or screened
during various activities at the NPP. A
significant amount of data can be gathered
and analyzed, especially during periodic
inspections and refueling. A perfect
example is a full-core offload and
inspection carried out during this process : e
Or |n the fue[ bU|[d|ﬂg NUCLEAR FUEL INSPECTION, Tecnatom, Enusa

Fuel inspection provides information for:
- Optimization of data analysis with the use - Safety Assurance

of image processing, machine learning and - performance Optimization

Al provides - Regulatory Compliance
—  Decrease of the workload on - Minimizing Operational Risks & Costs
critical path - Waste Management & Long-Term Sustainability
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Fuel monitoring workflow SW

- Acquisition of numerous videos
‘ @% 1 - Automatic video processing
g - - Evaluation of
@ @ parameters/features

- Automatic creation of reports

O - Analysis of trends

, I \ l - Effective data store and
retrieval

¢ YR ad => Knowledge
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One Image Overview — the key part of SW

- Fast overview
« Zoomable
- Effective comparison

- Easy reference (annotated images, GUI) and assessment

« Conversion of videos (time domain) into images (spatial domain)
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The transition of multiple videos
into photos that are stored in
database for the operator.

No context loss.
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Processing setup

Configuration file Configuration prepared by ‘ideo prepared by Metadata prepared by
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> O (7313 @ Not started 26 218 Seme adcitional Rotes about FA Fucl ossembly type  Fuel assembly type 2 () Video uploaded Petr Nowotny ot eherrrema e egestun flts honeus. Etiom oot s
Inspectionscope  OIO Metadata prepared Michal Prochizka luctus.
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- i 2
> a L & £ Incomplete 406 2yrs Zonwr position | No Some additional notes about FA B Allprocessed flles [5]  Falled
: FAID-FAFACE T SCAN STATUS PROCESSING PROGRESS SENT FOR PROCESSING SHOW OUTRUTS STOR PROCESSING Log detail ~ FA10-F1-Subprocess name 3
b (] FAY? 5% @ Failed @ 246 2yrs Zovwr position | No S additional notes about FA E
v FAT0 @ Falled 2% 2502020251035 =] ® Debug | Errer | | Waming
> O P 6% (@ Complated 2yrs Zone position | No Soeme additional notes about FA A
~ FA10-F1 scanl Failed 25/02/20251035 = ® © Eventiitocomeshor  2022:831102158 >
» O FAT 73 (@ Falling 206 2ys Zorwe position | Ne Some additional rotes about FA E
©) Subprocessname B9 ©) Subprocess name £ ) Subprocess name (@) Subprocess name @ Subprocess name () Eventtitiecomeshere  2022.03-31102158 2
b a FA20 5% (D Failing 26 2yrs Zonw position | No Soame additional notes about FA 3]
Lorem ipsum dolor sit amet, consectetur edipiscing efit. Eliam sodales
. isi nec justo
> Fa0-R2 scan! Success 2502420251035 =] elemantum, 5c epestas e thoncus. Etam placeratlocull lactis
> FA10 - F3. scanl In progress 25/02/20251035 = ®
(Z) Eventtitie comes here  2022-06-31102158 >
> FA10 - F4 Szanl Failed 25/02/2025 1035 =]
/7 Eventtitle comes here  2022-08-31102158 3
> FA10 - F5. scanl Not started 25/02/20251035 = ®
. () Eventtitle comeshere  2022-06-31102158 >
> FA10-F6 scan Notstarted 2502020251035 =] ®
> FAN @ In progress 2% 2540220251035 [=] ® (@ Eventtitie comeshere  2022.05:31102153 >
Researqh 3 a2 @ complated 25/02/20251035 =] © Eventtitle comeshere  2022-08-31 102158 3
Centre Rez )
> FA13 ® completed 25/02/2025 1035 =] i
() Eventtitle comeshere  2022-06-31102158 >
> FAl4 ® completed 2502120251035 =]
() Eventtitle comeshere 2022 0831102158 >

® Stop processing run
J




]

Chranéné f#rotect

Output photo gquality

The transition from time to spatial domain

assures:
2 e - Whole video context packed up into the
Aot G s/ it aergeamdrasfcoryroducts/systemePATRnapectiony image
The processing deals with: - Pixel perfect overlaping between frames
- Bow & twist of the FA - Full refactoring of oxide layer boundaries

- Full transition of FA geometry projection

- Metadata incorporation into the
processing of the video

- Oxidation map and exposition
- Refueling machine specifics

- FA speed and movement
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Fuel Assembly Viewer v2
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Required Process
Normalization Steps

- On-site computation
- Camera

- Video encoder

- Manipulators

- Lights
S opesy
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OlO tollow up potentials

Outputs

BASIC:
« Fuel geometry

 Rod geometry

EXTENSION:
* Rod surface « Foreign objects recognition T
* Whatever unusual « Automatic video cut
Reports * Rod growth measurement

l e Oxidation map
« Skeleton growth

« Segmentation
« Oxides

P —— e Spacer grids
242 CVR | foweren, 2 : . ER UJV Group 13
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Fuel assembly bow
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Combined deflection from 3 (or 2) sides
define 3D position of FA center

l
AXi = Z Sin(aj) . d]
j=0

Because we have 6 (or 4) sides, the error can
be estimated from the second triplet.
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Rod Bow

Overall accuracy of automated detection > 98%, 2% in GUI for operator
CheCk. e Rod Growth - fixing tool

Grid at: 404px
Angle distance [px]: 411px

px/mm: 4.79
Rods positions: 51, 112, 173, 234, 295, 364, 425, 487, 548, 609, 670,

‘ Ward to grid distance [px]: 44, 55;; 48, 136, 54, 5%; 61, 59; 62, 60, 62,

Ward to grid distance [mm]:  9.18,  11.47, 10.01, 2837, 11.27, 11.89, 1273, 1231, 1293, 1252, 1293,

Research .. UJV Group 15
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Main followup features

Fuel Assembly Viewer v2
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CVR's solution possibilities -

summary

Faster data processing
Metadata in normalized form

Homogenous databasis for Al tools

Higher output quality
Reproducibility

Comparison of fuel bow computed from angle rotations and ground truth

summary

1500 2000 2500 3000
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Remote complex analysis
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References — Onsite use

FIRE WEC inspection equipment

= Temelin NPP, 2018 U1+U2 — postprocessing

= Temelin NPP, 2019 U1+U2 — postprocessing + OIO

= Temelin NPP, 2020 U1+U2 — onsite: OlO + postprocessing

SIPS SJS inspection equipment

= Temelin NPP, 2021 U1+U2 - onsite: OlO + postprocessing

= Temelin NPP, 2022 U1+U2 - onsite: OlO + postprocessing to fullscope
= Temelin NPP, 2023 U1+U2 - onsite: fullscope

Different inspection equipment
= Square fuel inspection, 2023, 2024,...

Centre Rez .
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References — Publication

" , Simulating Nuclear Fuel Inspections: Enhancing Reliability
through Synthetic Data, Nuclear Engineering and Technology, 2025

= PlaSienka, D., , Measurement of nuclear fuel
assembly’s bow from visual inspection’s video record, Nuclear Engineering and Technology, 2023
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A panoramic image stitching method for nuclear fuel assemblies, Measurement Science and
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Feng, Underwater 3D measurement using sheet of light system with multi-layer refractive
interface, Measurement, Volume 244, 2025,

= Rui Chen, Yu-gi Cheng, Wentao Yang, Bin Yang and Wenlong Li, An illumination-robust edge
detection method for nuclear fuel assembly deformation measurement, Journal of Physics, 2024

= V. Zeman, Z. Hlavag, S. Dyk, Contact phenomena between load-bearing skeletons of bowed fuel
assemblies in PWRs with mixed cores, Progress in Nuclear Energy, Volume 178, 2025
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Thank youl
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