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Generation IV Reactor Design Groups

Image Credit:
A Technology Roadmap for Generation IV Nuclear Energy Systems. Issued by the US DOE Nuclear Energy Advisory 
Committee and the Generation IV International Forum. (Dec 2002)
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P= 𝐸𝐸
𝑡𝑡 100 MW = 6.2 × 1020 𝑀𝑀𝑀𝑀𝑀𝑀

𝑠𝑠
= 2.7 × 1023 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑑𝑑

Assume Cumulative Fission Yield for Xe-133 = 5%

2.7 × 1023
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑑𝑑
= 1.3 × 1022

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑑𝑑

= 2.2 × 1016
𝐵𝐵𝐵𝐵
𝑑𝑑

per 100 MW

Emissions could be 10-6-100% of inventory depending on retention tech



Same inputs
Continuous release

Sporadic releases

Existing regulations 
will not drive mitigation

Encouraging experimental data
Reliable? Higher NG removal rate?





Simulated Cleanup system
NG Surrogates created with UT 

TRIGA Reactor

Experimental Testing of Cryogenic 
Distillation using Liquid He



Calculation of NG Concentration



Calculation of NG Concentration

Time

Position

Values are placeholders for creating solving order only. It is assumed ½ of inventory is 
retained, other half is transferred to next compartment. Letters proceeding atom 
counts (I.e. A. 50 and B. 25) indicate the order of solving.



UT Cryogenic Irradiation System Overview
Heat 

Exchanger Gas Transfer 
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Heat Transfer System
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~10 ft

Gas Transfer System
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Beam Port Shielding

Borated 
Polyethylene

Lead Bricks
To Safety 
Expansion Tank

To Gas 
Transfer



Utilize helium compressor 
to freeze gases

Utilize temperature 
controller to separate and 
capture individual gases

Measure activities 
of captured gases

Remove gas canister from 
beam port

Produce activated noble 
gases using UT’s TRIGA 

reactor

Load noble gas mixture into 
gas cannister via gas 

transfer system, passes 
through charcoal trap

Kr
Ar

Xe

Proposed Changes and Experiment Plan

Ar, Xe, 
KrLiquid He

Xe

Ar, Kr



Planned Noble Gases for Experiment
Xe-135Ar-41 Kr-87/88

• T1/2= 109.61 min
• Relatively 

inexpensive
• Proof of concept
• Easily accessible

• T1/2= 76.3 min/2.85 
hrs

• Moderately 
expensive

• Produced during 
MSRR operation

• T1/2= 9.14 hrs
• Third option for 

completeness' 
sake

• Expensive
• Produced during 

MSRR operation



Goals of the experiment

• Repurpose cryogenic irradiation facility to 
MSRR off-gas retention test

• Separate and capture noble gas mixture, 
verifying quantity captured via activity 
measurement

• Demonstrate the efficacy of cryogenic 
distillation for off-gas retention in the MSRR



Potential Future Deployment at MSRR

Following proof of concept, deployment of a full 
cryogenic distillation system at MSRR by 2026

Collect off-gases created during MSRR operation 
for other uses
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