INL/CON-23-70854-Revision-0

Mobile Hot Cell Digital
Twin: End-of-life
Management of Disused
High Activity Radioactive
Sources

March 2023

Rajiv Khadka, John A Koudelka, Kevin L Kenney, Steven E Egan, Konner M
Casanova, Bryce C Hillman, Ted R Reed, Gary Alan Newman, Blesson Isaac

.

|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/CON-23-70854-Revision-0

Mobile Hot Cell Digital Twin: End-of-life Management
of Disused High Activity Radioactive Sources

Rajiv Khadka, John A Koudelka, Kevin L Kenney, Steven E Egan, Konner M
Casanova, Bryce C Hillman, Ted R Reed, Gary Alan Newman, Blesson Isaac

March 2023

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



4 GAES

Center for Advanced
Energy Studies

NYSE

March 1, 2023

RajivKhadka
Visualizatic I

B Mobile Hot Cell Digital Twin: End-of-life
i Management of Disused High Activity
=% Radioactive Sources

R. Khadka*, J. Koudelka, K. Kenney, E. Egan, K. Casanova, B. Hillman, T. Reed, G. Newman, & B. Issac
rajiv.khadka@inl.gov

—~e
Battelle Energy Alliance manages INL for the d ' b
U.S. Department of Energy’s Office of Nuclear Energy m | Gho NGTIOH0| I-O OrOtory




I Problem

Very few field tested mobile hot cells exist in the world, results in
— Removal project delays
— Dependency on third parties
— Health and safety risks due to uncertain design

COMTENTS.....
ACT

- Sealed radioactive sources are utilized for a wide range of applications.

» Recovery and consolidation of excess, unwanted or orphaned high activity
sources is limited by hot cell availability and capability.

 Lack of robust, reliable, and autonomous systems to visualize and
monitor the process of end-of-life management of spent radioactive sources
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Il Importance

Design a mobile hot cell that
— Integrates “advanced” technologies
— Increases safety and ease of deployment
— Addresses lessons learned from current designs

MHC construction is time intensive, taking up to two
weeks for assembly and disassembly

Manual hot cell operations increases dose, increases risk
of error, and limits throughput and efficiency.

Operator safety and comfort
INIS Mobile Hot Cell

Source: Joint Investigation Report March 30,
2020

IDAHO NATIONAL LABORATORY




Il Proposed Idea

- A Digital Twin Framework

— Visualize and monitor the process to
inform the engineering and design of a
new Mobile Hot Cell.

— Reduces human error
— Reduces equipment and construction cost
— Support prototype demonstration
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[l Mobile Hot Cell: Digital Twin

Mobile Hot Cell
Digital Twins
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Il Mobile Hot Cell: Digital Twin Operation

Replica of the physical models and assets

Data connection

Validation of the radiation dose rate accumulation
and component functions

Continuous development, optimization, and iteration
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Il Mobile Hot Cell: Real-World Physical
Object

- Handle and manage used sealed sources of highly
radioactive materials by isolating the radioactive
materials using a shielded enclosure called a hot cell.

 Assist operators in performing operations without
exceeding the allowable dose rate
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Il Mobile Hot Cell: Digital Object

Virtual Prototype of Mobile Hot Cell (left), radiation modeling of the environment (middle) and inner components (right)
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ll Mobile Hot Cell: Radiation Modeling

Dose Accumulation

= a 2\
1117311 rad (0.003618808 rad/sec)

Radiation Modeling and Visualization (left) and radiation dose rate accumulation information using
MCNP data during the source recovery operation (right)
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Il Mobile Hot Cell: Visualization
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Bl Mobile Hot Cell: Software & Hardware
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Il Demonstration
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B What next?
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