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Summer 2013

“Any idea what’s in these containers labelled 

ACPR fuel?”

Nuclear Materials Management, 1386
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Problem description

 Corporate Storage Bunker 37011 was shut down due to a HC3 
occurrence in March 2013.

 This sparked interest in what else might be living in this 
bunker.

 There were several containers in the bunker labeled “ACPR 
fuel.”
 ACPR, RIP June 1, 1967 – October 1, 1977.

 Predecessor to ACRR.

 Unknowns about the ACPR fuel in the containers:
 Pretty much everything.

 My task: to determine HC3 sum of fractions
 This requires knowledge of the radionuclide inventory.
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Problem solution

 Model the reactor and calculate the 
radionuclide inventory.

 Two models were built
 TRITON: coupling of KENO-VI to ORIGEN-S

 Serpent 2 Beta

 The fuel material in the two highest 
pin powers were tracked separately.

 Isotope inventories tracked: 241Am, 
242mAm, 243Am, 242Cm, 245Cm, 137Cs, 
154Eu, 3H, 166mHo, 85Kr, 59Ni, 237Np, 
233Pa, 147Pm, 238Pu, 239Pu, 240Pu, 241Pu, 
242Pu, 151Sm, 90Sr, 99Tc, 228Th, 230Th, 
234U, 236U, and 90Y.
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Assumptions and conditions

 Validity of the steady state approximation to pulse power.

 Determination of the steady state power level without the 
energy release logs.
 One case for each pulse height representing four pulses per day.

 One case to match the SAR statement of burnup: “Through the year 
1972, the ACPR had accumulated a total of only 13.2 MWd of 
operation.” 
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HC3 sum of fractions (assuming 10 years of irradiation)
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Worst case scenario vs. reality
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Answer to the original question

 If the container does indeed contain ACPR irradiated fuel, the 
HC3 sum of fractions should be less than 2%.

 This is a worst case scenario.

 It is likely to be less.

 A more accurate estimate could be determined from the 137Cs 
activity.
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Also while in 1386…
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Also while in 1386…
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Fall 2013 – Summer 2014

“How are your FORTRAN programming skills?”

Applied Nuclear Technologies, 1384
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My tasks

 Learn to use LSL-M2.
 A series of FORTRAN codes automated by a Perl wrapper that reads a 

text input file.

 It uses a logarithmic least-squares method to reduce and minimize the 
uncertainty in the adjusted spectrum.

 Put my Python skills to use and develop a graphical user interface 
(GUI) for the input and post-processing.

 The code is now a series of FORTRAN codes automated by a Perl 
wrapper that reads a text input file that is created by a Python shell.

 Learn the fine art of spectrum adjustment.

 Learn everything there is to know about reactor dosimetry.

 Perform the neutron spectrum adjustment portion of the 
ACRR Free-Field characterization.
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Spectrum adjustment

 Experimenter’s want to know the spectrum with high 
accuracy to calculate various integral quantities.

 We can calculate the spectrum using MCNP, right?
 Well, yes…..

 But how confident are you in the model?

 Temperatures

 Densities

 Approximated geometries

 Uncertainties in nuclear data

 Statistical uncertainties

 Physics models
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Spectrum adjustment

 Thus, we acknowledge that the calculated spectrum is close to 
the actual spectrum, but ultimately incorrect.

 What about measurement of the spectrum?
 Limited to very low resolution

 Bonner spheres and other detector methods

 Limited by the size of the detectors

 Neutron activation analysis

 Limited by the number of feasible activation foils available (roughly 30-40)

 Limited to spectrum “unfolding.”
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Spectrum adjustment
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Spectrum adjustment
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Measured Variable Defined

Known with some uncertainty



Spectrum adjustment
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Measured Variable Defined

Known with some uncertainty

If is greater than the number of integral quantities, the problem is 
under-determined, and there are infinitely many solutions.



Spectrum adjustment

 This under-determined problem is what we aim to solve in 
spectrum adjustment.

 In short, we adjust the calculated spectrum to bring it into 
closer agreement with the experimentally measured integral 
quantities.
 Detector responses

 Activation foils
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Free-field adjustment
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Summer 2014 –
Summer 2015

“What do you mean you are going to mate

two spectra?”

Applied Nuclear Technologies, 1384
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Issues with LSL-M2 (and most other methods)

 Artificial spectral shape artefacts.
 Post adjustment smoothing may remove resonance features from the 

spectrum.

 Reduction in accuracy for high resolution input spectra.

 Reduction and minimization of uncertainties implies that the 
a priori uncertainties and correlations are known.

 Solution: use a relative adjustment function for which the 
smoothness can be controlled, and which is defined at points 
in energy space that are decoupled from the energy grid 
structure of the trial spectrum.
 Then optimize these functions somehow.
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Genetic algorithms
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Abstraction

 Step 1: select the number of 
genes: N.

 Step 2: determine the energy 
domain

 Step 3: select N points equidistant 
in log-space: GENE SITES.

 Step 4: each site is assigned a real 
number (typically close to 1): 
GENE VALUES.
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Setting the population

 For each specimen:
 For each gene site:

 Pull a random Gaussian distributed 
number (� = 0, � = 0.07)

 Add it to 1. The result is the value of 
the gene

 Perform a polynomial least squares 
regression through the gene values

 This polynomial will be referred to as 
the SHIFT FUNCTION

 Multiply the flux in each energy group 
of the trial spectrum with the value of 
the shift function at the groups 
midpoint energy

 Repeat this process until the initial 
population is of the desired size
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Fitness function
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Parent selection
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Mating

 Crossover: given 2 parents, it will 
produce 2 children.

 Mutation
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Results (PLG)
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LSL-M2 GenSpec



Results (PLG)
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Summer 2015 - ??

“If you had to plow a field would you use one 

Ox or 1,344 chickens?”

Applied Nuclear Technologies, 1384
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My current status

 Just finished first year of graduate school at TAMU.

 Just finished first year on the Stewardship Science Graduate 
Fellowship.

 Dissertation topic: Application of the Linear Discontinuous 
Finite Element Method to the Slice Balance Approach for 
Discrete Ordinates Neutral Particle Transport on Unstructured 
Meshes Using Advanced Computing Architectures.
 Advanced computing architectures: graphics processing units (GPU’s)

 Current collaboration with Sandia:
 Implementation of dissertation work in the NuGET code for long 

distance air transport.
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Why GPU’s?
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 Think of a GPU as 
1000’s of tiny CPU’s.
 Ox vs. chickens debate.

 Comparable power 
consumption.
 My GPU = 110 W.

 My CPU = 88 W.

 Limited capabilities.

 Slow global memory 
access.

 DOE has already 
invested.



Preliminary study

 3-D Cartesian cubic domain (32×32×32).
 LDFEM.

 Variable number of angles.
 Discrete ordinates.

 Variable number of energy groups.
 Standard multigroup.

 CPU used: single core of an Intel i7=4700HQ.

 GPU used: NVIDIA GTX 870M
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Preliminary results
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Preliminary results
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No local memory usage, double precision 



Preliminary results
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With local memory usage, double precision 



Preliminary results
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With local memory usage, single precision 



Have I answered the question?
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Have I answered the question?
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A better, less funny question…

 How do you utilize the entire machine?
 Multi-physics?

 Staggered high-order low-order methods?

 Scheduling?
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And finally, is Sandia right for you?

 Great work environment.

 Very well managed.

 Not in the middle of nowhere (…. INL, LANL).

 But also not in a over-crowded city (… ANL).

 Not an insanely high cost of living (… LLNL).

 There’s a lot of interesting work to be done.

 Flexibility.

 Training opportunities.

 Year-round opportunities.

 Travel opportunities (conferences).

 Lots of cool toys (White).
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Questions?


