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Need for Chlorine Experiments

§ What are the needs for a chlorine benchmark?
— Y-12 electrorefining operations which credit 35Cl as a neutron absorber
— Idaho National Lab / Terrapower for Molten Chlorine Reactor Experiments (MCRE) fuel fabrication
— Los Alamos National Laboratory for their aqueous plutonium chloride systems
— 35Cl(n,p) for nuclear data needs
• The cross section is believed to have a significant uncertainty
• Interest has been expressed by both domestic and foreign entities

— IRSN and SRNS has also expressed interest in this benchmark
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Sensitivity Profiles from Applications

§ Sensitivity profiles from Y-12 and INL (MCRE) were used to optimize to and compare
— Y-12 (left) sensitivity profiles for varying 35Cl/235U ratios (SCALE 238-Group)
— INL (right) sensitivity profiles for various crit safety upset cases (SCALE 44-Group)
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Chlorine Absorber Design

§ Many materials and designs were scoped including the use of CPVC and CaCl2, but 
ultimately NaCl salts were chosen

§ Namely, ≥99.5% pure lab grade sodium chloride salt

§ Salt is encapsulated in aluminum and placed like any other solid absorber
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Configurations

§ Two types of configurations: Sandwich (left) and Standard (right)
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Bayesian Optimization

§ Bayesian optimization was used to find critical configurations that matched the 
sensitivity profiles from Y-12 and INL well

§ The G parameter was used as a similarity metric where G=0 is maximally similar
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Critical Configurations

§ 3 Standard Configurations:
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Critical Configurations

§ Compared to Y-12:

§ Top is a direct comparison to 
the sensitivity profiles

§ Bottom are ‘residuals’ that 
show the difference between 
the sensitivity profile of the 
critical configuration and the 
application case sensitivity 
profiles 
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Critical Configurations

§ Compared to INL (MCRE):

§ Top is a direct comparison to 
the sensitivity profiles

§ Bottom are ‘residuals’ that 
show the difference between 
the sensitivity profile of the 
critical configuration and the 
upset case sensitivity profiles 
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Critical Configurations

§ How much of the total capture sensitivity profile for the fastest configuration comes 
from (n,p)?
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Critical Configurations

§ 2 Sandwich Configurations:
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Density Studies

§ Design relies on pouring salt into an encapsulation, so we need to know how density 
variations affect the reactivity of the system

§ Total density and planar density were studied:
— Planar density studies show no large change to multiplication factor
— Total:

Planar Density Cuts
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Reactivity Studies
Upper Reflector Thickness

§ Upper reflector thickness study:
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Reactivity Studies
HEU Plate Swaps

§ Reactivity as a 
function of mass via 
HEU plate swaps

§ Standard 
configurations

§ Similar performed for 
sandwich 
configurations
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Reactivity Studies
Separation

§ Reactivity as a 
function of 
separation:
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§ Final design of TEX with chlorine absorbers was complete
— 5 configurations were identified, expected to down select to three experimental configurations
— Great comparison to Y-12 and good comparison to INL sensitivities
— Fastest configuration touches on the 35Cl(n,p) cross section (continuing to work with Terrapower for 

faster configurations)
— Extensive density studies performed to ensure understanding of the salt in the plates
— Reactivity studies performed to assist with experiment

§ Fabrication of the chlorine absorbers is ongoing (with LANL)

§ Experiment scheduled to be completed this year

Conclusions
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