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Get Excited it’s Almost Lunch!

Outline

• Introduction to Thales
• Method for Low Fidelity Optimization
• Progression to High Fidelity
• Preliminary Uncertainty 
• Concluding Remarks
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Tantalum, Tantalum, and More Tantalum
Motivation 

• Tantalum is a refractory metal important for 
Pu operations at LANL and SRS:

• High melting point
• Corrosion Resistant
• Very hard, ductile, and chemically inert

• Ta has been a priority for NCSP for several 
years with new evaluations, measurements, 
and validation

• Only integral measurements that exist:
 PMM-03 and PMF-045
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It’s like EUCLID… but with Tantalum!

Thales

• Thales was conceptualized to perform 
uncertainty reduction on Tantalum systems

• 40 nominal and upset criticality safety applications at 
LANL and SRS (A1-A40)à Provided by NCS (R. Bulso 
and T. Cutler)

• Leverage nuclear data (ND) uncertainties with 
nuclear data sensitivity profiles of applications 

• Combine sensitivity profiles, ND uncertainties, 
and Bayesian inference to design critical 
experiments for Ta-reflected Pu systems
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Method
• Sensitivities of the system keff to a nuclear data parameter (x) are calculated 

via 

• A similarity metric, ck, is defined via
 

• A measure of how much nuclear-data induced uncertainty of the neutron 
multiplication factor is shared between two models.

• Ranges from -1 to 1.
• A and B can actually be any type of models.
• Sensitivity vectors and covariance matrix can be broken down by 

nuclide/reaction/energy. 

Terms:
x: reaction cross-section
S: vector of sensitivities
T: transpose of a vector
Cxx: nuclear data covariance 
matrix



Similarity Metric Results
• ck for the 40 applications.
• Values along the diagonal are 1 by definition.
• A01 has ck>0.99 for A04 and A05.
• Application A02 has ck<0.99 compared to other 

applications.
• A03 has ck>0.99 for A06-A40.
• A maximum of three application models (A01, A02, and 

A03) are needed.
• One could argue that 0.99 is too strict.
• If so, maybe only 1 model is needed. 
• >0.99 between each pair of the 40 applications. 

All values with ck>0.99 
are shown in green.



Nuclear Data Uncertainty Results

• Nuclear data uncertainties for each 
nuclide/reaction pair were averaged for 
the 40 application models.

• 181Ta inelastic and elastic scattering have 
very large nuclear data uncertainties.

• No hydrogen reactions appear, even 
though some of the upset models are 
fairly sensitive to elastic scattering in 
hydrogen.

• This reaction is well-known with low 
uncertainty.

Ranked sensitivities averaged 
over the 40 applications.
Large nuclear data uncertainty 
shows clear need for additional 
validation experiments.

*BLO covariance used



Nuclear Data Uncertainty Results

• Nuclear data uncertainties for each 
nuclide/reaction pair were averaged for 
the 40 application models.

• 181Ta inelastic and elastic scattering have 
very large nuclear data uncertainties.

• No hydrogen reactions appear, even 
though some of the upset models are 
fairly sensitive to elastic scattering in 
hydrogen.

• This reaction is well-known with low 
uncertainty.

No water (or poly) needed 
as that ND is quantified!

*BLO covariance used



Simple Rectangular Parallelepiped (RPP) Geometry
• Early calculations showed that ZPPR plates 

offer the greatest flexibility in achieving 
criticality with multiple reflector 
thicknesses

• Nested RPP shells 
• Pu fuel

• ℓ,𝑤, ℎ between 0 to 20 cm 
• ZPPR alloy (10% Al)
• Stainless steel cladding

• Inner Ta reflector (mold material)
• 0 to 20 cm thick

• Outer H20 reflector (upset condition)
• 0 to 20 cm thick



Similarity metric results
• Heatmap of the three 

applications shown at right.
• PU-MET-FAST-045-006: is not 

that useful (note that it is the 
most useful of all PMF045 
cases).

• PU-MET-MIXED-003-001 is 
useful.

• Use this case for LANL/SRS now

• It is possible to design new 
validation experiments with 
ck>0.99 for all applications.

*BLO covariance used



Low Fidelity Designs

• Settled on 2x3 array of ZPPR plates 
• Reminiscent of EUCLID 2x3 configuration
•  Looked at others but 6”x 6” is optimal 

• Outer reflector modeled as simple RPP
• Various reflector thicknesses
• Accounted for simulations needed for

CED-01 submitted in FY24

Application Ck to A-04



High Fidelity Considerations

Thales Updates

• Containerized the fuel into boxes similar to 
EUCLID design

• Created containers for the reflector so a 
square reflector could be constructed

• Due to the containerization Ta thickness are
1.27, 2.54, 5.08, and 8.89 cm

• Performed engineering studies for materials,
thickness, air tolerances, etc.
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Isometric view of Thales

Side view of Thales
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Cut away of the side view with all plates
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Thales on Comet with Gap Thales on Comet without Gap
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Comparison of Thales expected unc. and PMM-03 

Uncertainty  Type 
(Perturbation)

ΔKeff

Fuel (Mass and Comp) 0.00062

Ta Plates (comp) 0.00007

Steel (comp) 0.00003

Dimensional Uncertainties 0.00150

Comet (existing/bias) 0.00200

Room (bias) 0.00020

Total Uncertainties (bias) ±162 pcm (210 pcm)
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New Ta makes a big ol’ difference
Critical Configurations with Different Libraries
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Conclusions
• There is limited validation data for fast applications with Pu-reflected Ta. 

• The recent PU-MET-MIXED-003 evaluation is useful for Ta validation.
• Especially the fastest case, PU-MET-MIXED-003-001.

• 40 different application models were created/provided.
• Pu operations at LANL and SRS under normal and upset conditions.
• A maximum of three application models are needed to represent all 40 models.

• High fidelity neutron and CAD models developed and CED-02 is underway!
• Expected uncertainties are below 200 pcm, more than enough to validate 

the new Tantalum evaluation
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Condense all the inputs into a single table
Summary of Keff and Sensitivities

Configs Original 
w/ RPP 
Reflector 
Keff

Original w/ 
RPP 
Reflector 
Sens

Euclid w/ 
RPP 
Reflector 
Keff

Euclid w/ 
RPP 
Reflector 
Sens

New 
Least Keff 
(Al box)

New Least 
Sens (Al box)

New Most 
Keff (Ta 
box) 

New Most 
Sens (Ta 
box)

32 Layers 
8.90 cm 
reflector

1.090946 0.114 (El)
0.095 (Inel)

1.066311 0.105 (El)
0.086 (Inel)

1.010248 0.0979 (El)
0.0834 (Inel)

1.014625 0.105 (El)
0.0876 
(Inel)

36 Layers 
5.08 cm 
reflector

1.072730 0.105 (El)
0.097 (Inel)

1.052834 0.097 (El)
0.088 (Inel)

1.046267 0.0906 (El)
0.0804 (Inel)

1.050325 0.093(El)
0.085 (Inel)

44 Layers 
2.54 cm 
reflector

1.04377 0.0743 (El)
0.0767(Inel)

1.05829 0.0710 (El)
0.0684 
(Inel)

1.043921 0.0701 (El)
0.0676 (Inel)

1.052596 0.078 (El)
0.076 (Inel)

55 Layers
1.27 cm 
reflector

1.006921 0.060 (El)
0.062 (Inel)

0.999840 0.057 (El)
0.058 (Inel)

1.029687 0.0432 (El)
0.0467 (Inel)

1.039995 0.055 (El)
0.057 (Inel)
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Subcritical, Critical, and Keff+0.01

Critical Configuration Search

Configuration Subcritical Num. Layers Critical Num. Layers Super Critical Num. Layers

1.27 cm 0.994181 42.33 1.001374 43.5 1.010648 45.33

2.54 cm 0.996163 37 1.003063 37.83 1.011729 39

5.08 cm 0.992325 33.33 1.002767 33.33 1.012935 34.33

8.89 cm 0.990959 30.33 1.002844 31.33 1.014299 32.33
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1.27 cm reflector

Container and Membrane Studies

Membrane Al_Al_Al Ta_Al_Al Ta_Ta_Al Ta_Ta_Ta

Tantalum 1.006328 1.006973 1.010984 1.014969

Aluminum 1.001379 1.002013 1.006364 1.010482

Stainless Steel 1.005966 1.006612 1.010673 1.014749

Membrane All Al El. All Al Inel Ta/Al/Al 
El. 

Ta/Al/Al 
Inel.

Ta/Ta/Al 
El.

Ta/Ta/Al 
Inel.

All Ta El. All Ta Inel.

Tantalum 5.6310E-02 5.8643E-02 5.6853E-02 5.9195E-02 6.1445E-02 6.2849E-02 6.6031E-02 6.7141E-02 

Aluminum 4.9612E-02 5.2788E-02 5.0946E-02 5.3669E-02 5.5180E-02 5.7726E-02 5.9950E-02 6.1987E-02

Stainless 
Steel

5.0343E-02 5.2525E-02 5.1055E-02 5.3349E-02 5.5714E-02 5.7318E-02 6.0075E-02 6.1393E-02 

24



2.54 cm reflector

Container and Membrane Studies

Membrane Al_Al_Al Ta_Al_Al Ta_Ta_Al Ta_Ta_Ta

Tantalum 1.008418 1.008896 1.012431 1.015588

Aluminum 1.003083 1.003592 1.007502 1.010857

Stainless Steel 1.007904 1.008493 1.012029 1.015320

Membrane All Al El. All Al Inel Ta/Al/Al 
El. 

Ta/Al/Al 
Inel.

Ta/Ta/Al 
El.

Ta/Ta/Al 
Inel.

All Ta El. All Ta Inel.

Tantalum 8.0542E-02 7.8323E-02 8.0708E-02 7.8696E-02 8.5445E-02 8.1872E-02 8.8834E-02 8.4306E-02 

Aluminum 7.2766E-02 7.2526E-02 7.3810E-02 7.2867E-02 7.8440E-02 7.6337E-02 8.1866E-02 7.9355E-02

Stainless 
Steel

7.3796E-02 7.2059E-02 7.4234E-02 7.2593E-02 7.7984E-02 7.5862E-02 8.1777E-02 7.9062E-02 
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5.08 cm reflector

Container and Membrane Studies

Membrane Al_Al_Al Ta_Al_Al Ta_Ta_Al Ta_Ta_Ta

Tantalum 1.007688 1.008018 1.010630 1.012912

Aluminum 1.002767 1.003125 1.006189 1.008679

Stainless Steel 1.007729 1.008072 1.010838 1.013188

Membrane All Al El. All Al Inel Ta/Al/Al 
El. 

Ta/Al/Al 
Inel.

Ta/Ta/Al 
El.

Ta/Ta/Al 
Inel.

All Ta El. All Ta Inel.

Tantalum 9.9498E-02 8.9037E-02 9.8958E-02 8.9345E-02 1.0281E-01 9.0848E-02 1.0709E-01 9.3203E-02 

Aluminum 9.2311E-02 8.4172E-02 9.2174E-02 8.3887E-02 9.5897E-02 8.6301E-02 9.9155E-02 8.8800E-02

Stainless Steel 9.2965E-02 8.3579E-02 9.3232E-02 8.4045E-02 9.6370E-02 8.5943E-02 9.8953E-02 8.8123E-02  
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8.89 cm reflector

Container and Membrane Studies

Membrane Al_Al_Al Ta_Al_Al Ta_Ta_Al Ta_Ta_Ta

Tantalum 1.006411 1.006579 1.008141 1.009971

Aluminum 1.002812 1.003006 1.005156 1.007080

Stainless Steel 1.007527 1.007674 1.009513 1.011310

Membrane All Al El. All Al Inel Ta/Al/Al 
El. 

Ta/Al/Al 
Inel.

Ta/Ta/Al 
El.

Ta/Ta/Al 
Inel.

All Ta El. All Ta Inel.

Tantalum 1.0405E-01 8.6767E-02 1.0461E-01 8.7032E-02 1.0712E-01 8.8320E-02 1.0797E-01 8.9965E-02

Aluminum 9.8182E-02 8.3318E-02 9.7297E-02 8.3564E-02 1.0073E-01 8.4271E-02 1.0329E-01 8.6503E-02

Stainless 9.8859E-02 8.2621E-02 9.7326E-02 8.2045E-02 1.0064E-01 8.4224E-02 1.0285E-01 8.5838E-02
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Uncertainty Analysis – ZPPR Air Gaps (0.03 cm)

Configuration Baseline Air Gap ΔKeff

1.27 cm 1.001374 1.000207 -110 ± 2 pcm

2.54 cm 1.003063 1.002011 -105 ± 2 pcm

5.08 cm 1.002767 1.001821 -95 ± 2 pcm

8.89 cm 1.002844 1.001882 -96 ± 2 pcm
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Only added air gaps between plate rows (gravity is in effect) (x=0.018cm, y = 0.0125cm)

Uncertainty Analysis – Ta Plate Gaps

Configuration Baseline Air Gaps Diff

1.27 cm 1.001374 1.001087 -28 ±2 pcm

2.54 cm 1.003063 1.002620 -38 ±2 pcm

5.08 cm 1.002767 1.002265 -49 ±2 pcm

8.89 cm 1.002844 1.002305 -52 ±2 pcm
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Uncertainty Analysis – Fuel

Configuration Mass
(0.01g/105g)

Impurities
Isotopics

1.27 cm 7.3 pcm 67 pcm

2.54 cm 7.2 pcm 64 pcm

5.08 cm 7.1 pcm 62 pcm

8.89 cm 7.0 pcm 61 pcm
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Following PMM-03

Uncertainty Analysis - Steel Cladding Impurities

• 1% uncertainties for Cr, Ni, Mn
• 0.1% for Fe
• 10% for everything else

Configuration Clad Unc
ΔKeff

1.27 cm 3.62 pcm

2.54 cm 3.16 pcm

5.08 cm 2.58 pcm

8.89 cm 2.42 pcm
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Uncertainty Analysis – Ta Impurities

Configuration Baseline Max 
Impurities

ΔKeff

1.27 cm 1.001374 1.001480 11 ± 2 pcm

2.54 cm 1.003063 1.003185 12 ± 2 pcm

5.08 cm 1.002767 1.002828 5 ± 2 pcm

8.89 cm 1.002844 1.002750 -9 ± 2 pcm
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Uncertainty Analysis – Comet Platform

Configuration Baseline Comet 
Included

ΔKeff

1.27 cm 1.001374 1.005684 430 ± 2 pcm

2.54 cm 1.003063 1.006347 328 ± 2 pcm

5.08 cm 1.002767 1.004754 199 ± 2 pcm

8.89 cm 1.002844 1.003828 198 ± 2 pcm
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Uncertainty Analysis – Room Return

Configuration Baseline Room 
Included

ΔKeff

1.27 cm 1.001355 1.001749 39 ± 2 pcm

2.54 cm 1.003025 1.003316 29 ± 2 pcm

5.08 cm 1.002756 1.002878 13 ± 2 pcm

8.89 cm 1.002828 1.002904 8 ± 2 pcm
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