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INTRODUCTION  

 

To address the mounting need for below room-

temperature nuclear data validation, the Low-Temperature 

Thermal Epithermal eXperiments (LT-TEX) have been 

designed [1]. Validation of low-temperature neutron cross 

sections is necessary to verify any operation at temperatures 

below room temperature which is typically observed in 

environments far from the equator. For example, a fissile 

material transportation truck may routinely observe ambient 

temperatures down to -40°C, which is the lower temperature 

bound of the normal conditions of transportation defined in 

the United States Title 10 Code of Federal Regulations 

§71.71c2. Additionally, sub-room temperature benchmarks 

can validate newly produced cross sections, that include 

novel thermal scattering laws, from North Carolina State 

University. 

A final design report has identified six experimental 

cases which are designed based off the TEX-HEU baseline 

experiments, but utilizes a novel vacuum chamber and 

cooling system with the capability of bringing the entire stack 

to temperatures down to -50°C. The six proposed 

configurations span the entire median neutron fission 

spectrum. The experiments are intended to be performed 

down to -40°C but will be tested in temperature steps to 

determine the temperature dependence on the neutron 

multiplication factor, keff.  The sixth configuration is critical 

at -30°C but was designed to meet the 80¢ excess reactivity 

requirement set by the facility. An approach via temperature 

allows for the extrapolation of the neutron multiplication 

factor at -40°C since the temperature dependence is linear. 

The fastest configuration utilizes 135 kg of HEU; with 

such a large fissile mass it is important to have a complete 

understanding of the chiller and the vacuum chamber 

systems. A previous summary has highlighted some of the 

work that has been performed with surrogate testing, testing 

with aluminum and natural uranium as surrogate fuel plates 

to the special nuclear material (SNM) [2]. Work has been 

ongoing with the Nuclear Criticality Experiments Research 

Center (NCERC) and Los Alamos National Laboratory 

(LANL) in the finalization of an experiment plan. 

The following discussion highlights the experimental 

configurations, discusses the finalization of surrogate testing, 
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and expands on the work that has been completed to be able 

to run the experiment at NCERC. 

 

 

EXPERIMENTAL CONFIGURATIONS  

 

Six experimental configurations were proposed in the 

integral experiment final design report [1], with case 1 being 

a completely unmoderated system with 1/4” aluminum 

spacers between the HEU fuel layers. Case 5, which was split 

into two variations – a and b, was the most thermal case with 

1” high-density polyethylene (HDPE) between the HEU fuel 

layers. The two variations differ by the aluminum spacer 

thickness to meet the handstack limit. The fission fractions of 

the proposed configurations are shown in Table I. 

 

TABLE I. Proposed configurations, their moderator 

thicknesses, and their fission fractions. 

Case 

Number 

Moderator 

Thickness 

Fission Fractions 

Thermal 

(<0.625 eV) 

Inter-

mediate 

Fast 

(>100 keV) 

1 - 15% 21% 64% 

2 1/8 21% 48% 31% 

3 1/4 30% 48% 22% 

4 1/2 47% 38% 15% 

5a/b 1 60% 28% 12% 

 

All six configurations utilized the HEU ‘Jemima’ plates 

which have four variations: full plates, plates with 2.5” 

diameter inner annuli, plates with 6” diameter inner annuli, 

and plates with 10” diameter inner annuli. All six 

configurations utilize 1” polyethylene reflection on the top 

and bottom. All configurations, apart from case 1, utilized the 

plates with inner annuli. As an advantage these cases were 

able to be designed with a spindle, or cold finger, that goes 

through the radial center of the stack and cools from the 

interior of the stack as well as the bottom of the stack via the 

heatsink. The spindle was designed to be maximally 

compatible with the 2.5” HEU plates, and aluminum adapter 

plates were produced to fill the gap between the 10” and 6” 

inner annuli and the 2.5” inner annulus needed for the 

spindle. Reflector, moderator, and spacer parts were designed 

with 2.5” inner annuli to be used with the spindle. For case 1, 

the use of the full HEU plates, which was required to create 



a critical configuration, means that the spindle could not be 

used. Instead, a non-spindle heatsink was produced to cool 

from the bottom of the stack and a pseudo-spindle was 

fabricated to couple the heatsink to the first few layers of the 

stack.  

The stack sits on the heatsink and is surrounded by an 

Au/Ni flashed copper radiation shield, a 7-layer thick Mylar 

blanket, and a stainless-steel vacuum jacket. Figure 1 shows 

a rendering of the experimental chamber with the spindle 

heatsink and reveals the coolant pathing through the heatsink 

and the spindle. The Mylar blanket was deemed unnecessary 

during the surrogate testing which partially resulted from the 

difficulty in handling the material and the anticipated 

difficulty of accurately modeling the material in radiation 

transport codes. 

 

 
Figure 1: CAD rendering of the experimental chamber showing the 

multiple layers via diagonal cuts. 

The vacuum chamber was designed to fit into the 

opening in the stationary platform of the COMET critical 

assembly machine. Once affixed to the movable platen, the 

chamber base will be raised, and the stack will be loaded in 

the fully upright position. After stacking, the copper shield 

and vacuum jacket will be installed, and the apparatus will be 

lowered to the fully down position. At this time the cooling 

process will begin. Reflector rings on the platform of 

COMET will be assembled so that, during the approach to 

critical, the chamber can be lifted into the annular reflectors. 

 

REACTIVITY CONSIDERATIONS 

 

The design of LT-TEX limits reflection in the chamber 

and relies on adding annular reflection into the system via the 

lifting mechanism of the COMET critical assembly machine. 

The annular reflector was designed to be nested, with a full 

height interior reflector ring and a partial height outer 

reflector ring that allows us to fine tune the reactivity of the 

system. A high-fidelity model of the chamber was created, 

based off hand and CMM measurements, and used to fine 

tune the annular reflector, nesting it as close to the outside of 

the chamber as possible to reduce any gap between the 

assembly and the reflectors, as shown in Figure 2. 

 
Figure 2: MCNP visualization of the high-fidelity chamber 

including the fine annular reflector rings. 

Detailed incremental keff maps were constructed to show 

the reactivity worth for each segment of reflector added, both 

axially and annularly, for each of the configurations. It was 

assumed that the inner annular reflector would be complete 

prior to the inclusion of an outer annular reflector, that is the 

inner reflector is of full height prior to the introduction of an 

outer layer. This analysis shows the worth of each layer added 

as well as the location in the partial outermost reflector where 

the assembly goes critical. This analysis also highlights 

where in the reflector, axially, is worth the most. As 

anticipated, the reflector is worth most at the center of the 

stack and the worth degradates towards the axial limits.  

Reflector thickness effects, first identified and calculated 

in the experimental design report, such as reflector thickness 

worths and the temperature dependence on the neutron 

multiplication factor have been recalculated with this high-

fidelity model to ensure congruence with the original model. 

The updated calculations are consistent with the calculations 

performed in the experimental design report and show 

flexibility in the physical design of the annular reflectors, so 

that they may be designed to be as close-fitting to the 

chamber as possible without issue. 

 

THERMAL MODELING 

 

Thermal modeling was performed during the 

experimental design processes. The thermal simulations were 



performed with ANSYS Fluent 2019R1, a finite volume 

based computational fluid dynamics (CFD) tool to model 

heat transfer between the HEU and the polyethylene. ANSYS 

SpaceClaim 2019R1 was used to build the experimental 

geometry and ICEMCFD 2019R1 was used for meshing. 

Thermal simulations were performed for the two limiting 

cases, case 1 (unmoderated) and case 5 (most moderated). A 

detailed analysis of this work can be found in the 

experimental design report [1]. 

 

SURROGATE TESTING  

 

Significant amounts of SNM are anticipated to be used 

for this experimental campaign. This experiment will serve 

as the first critical integral experiment at temperatures below 

room temperature submitted to the International Criticality 

Safety Benchmark Evaluation Project (ICSBEP) handbook. 

As such, utilizing SNM at low temperatures is a novel 

experiment and requires a full understanding of the 

experimental setup, ensuring that the system performs 

controllably and predictably. In order to test this full-scale 

testing with surrogate fuel, aluminum surrogate fuel plates 

and a single natural uranium surrogate fuel plate, was 

performed. This surrogate testing tested the thermal limits of 

the experiment; the three cases at the boundaries are case 1, 

which utilizes the non-spindle heatsink, case 2, which is the 

fastest configuration that utilizes the spindle heatsink, and 

case 5 (see Figure 3),  the most thermal configuration which 

also utilizes the spindle heatsink. The goal of the surrogate 

testing was to determine the cooldown, how long it takes to 

cool to -40°C, and working time, how long before it warms 

~2°C from -40°C, of the configurations as well as verify the 

functionality and predictability of the vacuum and chiller 

systems. 

  
Figure 3: Photograph of the Case 5 assembly using the natural 

uranium surrogate fuel plate in the 7th layer, along with the 

aluminum surrogate fuel plates. 

Case 1 

 

The case 1 configuration utilizes the non-spindle 

heatsink due to the utilization of the no-inner annulus HEU 

plates, and so it relies on conductive thermal transfer through 

the bottom layers of the stack. Through thermal calculations 

it was expected that the stack would cool and warm quickly, 

but through empirical measurements it was found that both 

cooling and warming was much more of a gradual process. 

Initial tests indicated that cooling, just on that bottom fuel 

layer, would take over three days to get to -40°C. To increase 

the conductive surface area a pseudo-spindle was fabricated, 

and initial testing showed a cooldown of the first fuel layer 

of -32°C in just 16 hours. An additional modification of 

removing the lower reflector also contributed significantly to 

this improvement. A significant temperature gradient was 

observed between the top and bottom of the stack and through 

linear extrapolation it was determined that it would still take 

about 7 days for the top of the stack to reach -40°C. At this 

point it is suggested that the case 1 configuration be de-

prioritized in favor of the remaining configurations, in part 

due to the poor thermal performance, but also the similarity 

in nuclear data validation between case 1 and case 2. 

 

Case 2 

 

The case 2 configuration was tested in two variations: 

one that follows the design in the final design report (base) 

and one that incorporated a 9-layer Mylar blanket under the 

heatsink (alternate), shown in Figure 4, which is an 

improvement that was derived from the thermal calculations 

to improve working time. Both variations of case 2 had 

cooldown times of approximately 48 hours. The warmup 

time for the base variation was about 6 hours while the 

warmup time for the alternative configuration was about 8 

hours. The addition of the Mylar blanket provided an 

additional 2 hours of working time, increasing it to the 

desired 8 hours of working time. 

 

 
Figure 4: A 9-layer Mylar blanket affixed to the bottom surface of 

the non-spindle heatsink. The Mylar is applied in an identical 

fashion to the spindle heatsink. 



Case 5 

 

The case 5 configuration was tested in three variations: 

one that followed the design report, one that used aluminum 

wire between the spindle and the aluminum spacer plates to 

improve thermal contact, and one with the natural uranium 

plate and press-formed gaskets in place of the aluminum 

wire. Following the thermal calculations, it was quickly 

realized that increasing thermal contact between the spindle 

and the stack provided significant improvement to the 

performance of the system, increasing the cooldown rate 

from the order of days/weeks to a cooldown of roughly 48 

hours. The additional test was used to verify the functionality 

of the press-formed gaskets as well as the analog thermal 

behavior between the aluminum surrogate plates and the 

uranium. The third test yielded a similar result with a 

cooldown on the order of 48 hours. A working time on the 

order of 6-8 hours was found for this configuration. 

 

Uranium Thermal Behavior 

 

The final test was with a bare uranium plate to determine 

the impact of thermal cycling. Two tests were conducted to 

ensure that no physical changes occurred to the uranium 

during the thermal cycling. The thermocouple retracted 

during the first test after it removed with oxide. Since a 

temperature reading of the plate was lost, the test was 

aborted, and a second test was performed. The second test 

utilized aluminum spacer plates, with channels for the 

thermocouples, to ensure constant contact on the plate. Both 

tests showed no physical changes to the uranium while also 

showing a decrease in oxidation rate on the plate while under 

vacuum. The tests agreed that under normal operating 

conditions the SNM used during the experiment would be 

safe. 

 

CONCLUSIONS 

 

The low-temperature TEX campaign has passed multiple 

difficult hurdles towards the reality of performing the highly 

anticipated and novel experiments. The final design report 

was written with incredible consideration for understanding 

and quantifying the sources of reactivity. Six critical 

configurations were identified that spanned the entire neutron 

fission energy range. Thermal simulations were performed to 

estimate the thermal performance of the system, identifying 

the possible cooldown and working times of the boundary 

cases. 

A novel vacuum chamber and chiller system was 

designed and fabricated. Testing of the chamber’s 

functionality as well as the thermal properties of 

experimental configurations was performed with surrogate 

fuel materials. Surrogate testing was completed, and the final 

experimental report written. The boundary cases, i.e. the 

fastest and most thermal configurations, were tested with 

surrogate fuel plates. Testing revealed multiple significant 

possibilities for thermal improvement which led to 

improvements in the thermal performance. Testing has 

concluded that the experimental apparatus is fully functional, 

predictable, and controllable. Thermal tests of the natural 

uranium fuel have verified that during normal operations, the 

SNM is safe within the experimental chamber and will not 

experience and physical alterations due to the thermal 

cycling. 

Work is ongoing with NCERC and LANL to finalize the 

transfer of the materials to the DAF in preparation for the 

execution of the experiments. 
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