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Background



Key Terms

• Deep Geologic 
Repository

• Spent Fuel

• KBS-3

• Scintillator

• Photomultiplier

• Continuity of 
Knowledge (CoK)

• MCNP

https://www.nrc.gov/reading-rm/basic-ref/glossary/geological-repository.html
https://www.nrc.gov/reading-rm/basic-ref/students/science-101/what-is-an-spent-fuel.html
https://www.researchgate.net/publication/260877239_The_Use_of_Clay_as_an_Engineered_Barrier_in_Radioactive-Waste_Management_-_A_Review
https://www.sciencedirect.com/topics/engineering/scintillation-detector
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/photomultiplier-tubes
https://www.osti.gov/servlets/purl/1426871
https://mcnp.lanl.gov/


Nuclear Fuel Cycle

https://www.eia.gov/energyexplained/nuclear/the-nuclear-fuel-cycle.php


Problem Statement

• Design a multi-component system capable of 
safeguarding spent fuel held within geologic 
repositories that will operate at an autonomous 
level. 

• Address the deep penetration shielding issue by 
running MCNP to test the ability of the proposed 
system to detect radiation through some backfill 
media.



Design Considerations



Design Challenges

• The design must be:

– Environmentally Sturdy 

– Resistant Malicious Tampering

– Easy Implementation

– Cost Effective



KBS-3

https://www.researchgate.net/publication/260877239_The_Use_of_Clay_as_an_Engineered_Barrier_in_Radioactive-Waste_Management_-_A_Review


Design Components



Detector Mesh for Nuclear Repositories (DMNR)

• A net of radiation 
detection that utilizes 
scintillating wires and 
photomultiplier tubes

• Would be wrapped 
around the canisters 
themselves

http://www.innovatoripa.it/sites/default/files/capitolo_libro.pdf


Radio-frequency Identification (RFID) Tags

• RFID tags embedded 
into each canister, 
with sensors 
throughout the travel 
route to the final 
deposition site

https://itlaw.wikia.org/wiki/RFID_tag


Ground Penetrating Radar (GPR)

• Unmanned GPR to 
check that the 
canisters remain 
where declared

https://alchemy-spetec.com/equipment/soil-testing-equipment/


Weight Sensors

• Weight sensors placed 
below the canister to 
detect the removal of 
nuclear material from 
the spent fuel 
canisters

https://www.omega.co.uk/technical-learning/using-load-cells-to-weigh-trucks-trains-aircraft.html


Practical Work



Simulation/ Modeling

• MCNP for neutron and 
gamma tracking. 

• Use of SolidWorks to 
develop additional 
visual models



Significance

• Aids in maintenance of the nuclear non-
proliferation treaty

• Safeguarding of spent fuel

• Developing guidelines for the IAEA for newly 
developing repositories


