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SPENT FUEL CHARACTERIZATION USING THE DIFFERENTIAL DIE-AWAY 
SELF-INTERROGATION TECHNIQUE 

ABSTRACT 

M. A. Schear, H. O. Menlove, S. J. Tobin, L.G. Evans, and S. Croft 
Nuclear Nonproliferation Division, Los Alamos National Laboratory 

Email: mschear@lanl.gov 

This paper summarizes the development of the Differential Die-Away Self-Interrogation 
Technique (DDS I) as a non-destructive assay (NDA) method to measure the fissile mass present 
in 17x17 pressurized water reactor (PWR) spent fuel assemblies. The Monte Carlo N-Particle 
eXtended transport code, MCNPX [1] , was used to create a library of 64 spent fuel assembly 
models [2] for simulations purposes within the modeled DDSI geometry, in order to study the 
detector response to assemblies of varying bumup (BU), initial enrichment (IE), and cooling 
time (CT). The comprehensive range of these parameters was intended to reflect the range of 
possible spent fuel assemblies encountered at various facilities worldwide, and the resulting 
isotopic complexity within those samples. The purpose of modeling is to relate the DDSI 
detector response to the given fissile mass. Based on this quantitative relation, fissile mass in 
spent fuel can then be measured experimentally. This paper outlines the DDSI detector 
configuration, and the determination of two viable ratios, the late gate doubles-to-singles (DIS) 
ratio and the late-to-early-gate doubles (LIE)o ratio, which both track with the fissile content of 
the assemblies. A 239Pu-effective fissile mass concept was used as the basis for quantifying 
fissile mass, and relating such masses to the ratios. Both ratios were heavily dependent on BU, 
CT and IE of the assemblies and exhibited similar trends with the salient structure depending on 
IE. Multiplication within the assembly was used as a key intermediate parameter to develop a 
predictive model for effective mass values based on the ratios obtained from simulation. Using 
this model, there was a maximum of 6% deviation across the library between the true effective 
mass and the predicted effective mass based on the DIS ratio. This work is part of a larger effort 
sponsored by the Next Generation Safeguards Initiative (NGSI) to develop an integrated 
instrument, comprised of individual NDA techniques with complementary features, that is fully 
capable of determining Pu mass in spent fuel assemblies [3] . 
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Quantifying Fissile Content: 
Active Interrogation 

P'VR Spent Fuel Assembly 
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DDSI Time Concept 
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Achievements: 
A Modeling Study: Fissile Measurements using DDSI 

• DDSI detector preliminary design 

• Detector response obtained for wide range of PWR assemblies 

• Two viable ratios extracted to measure effective fissile content 
in SF 

• Multiplication-based parameterization used to establish fit 
between effective fissile mass and DDSI ratio 

• 'Maximum of 6% deviation between true effective mass and 
predicted effective mass, using this fitting approach 
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Differential Die-away Self-interrogation (DDSI) for 
Spent Fuel 
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Neutron Capture Time Distribution in Liquid Scintillator 
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Neutron Capture Time Distribution in 3He design 
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Trends in Late-to-Early-Gate Ratio with SF Parameters 
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Trends in Doubles-to-Singles Ratio with SF Parameters 
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Effective Fissile Mass Concept 
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239pU Effective Masses for LANL Assembly Library 
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LatelEarly Gate Ratio vs. 239pU Effective Masses 
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Late Gate Doubles/Singles vs. 239pU Effective Mass 
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Data Fitting: Parameterization based on Multiplication 
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DIS vs. Net Multiplication 
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Effective mass vs. Net Multiplication 
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Combined Fit Results 
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Partial Defect Detection 
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Uncertainty in Counting Statistics 

• Singles: 
O"s 1 
g= fft 

• Doubles: 
t = D + 2.CS

2
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D2( ~ J2 

Pre-delay, Tp Gate width, G assay time, t DIS norm LIE norm 

20 32 124 .26 [sec] 1.66 1.26 
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60 32 996.04 [sec] 2.13 1.62 

100 96 1.74 [hr] 2.71 2.06 
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Summary 

• Two DDSI ratios which track effective fissile content have 
been established 

• Large dynamic range from least to most fissile assembly in 
library compared to PNAR- FC 

• Parametric fit approach has been proposed to quantify effective 
fissile content from measured DDSI ratio 

• DIS response can detect 3% or greater fuel pin diversion 

• Partial defect evaluation 

• Feasibility 235U and 239pU discrimination 
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Differential Die-away Self-interrogation (DDSI) 
for Spent Fuel 

• Spontaneous neutron emission within spent fuel induces 
fission in fissile isotopes present (235U, 239PU, 241 Pu) 

Passive neutron coincident counting (S, D) as a function 
of time following SF trigger event 
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• Il Fissile Content: 
: Late Gate/ Early Gate 
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: Optimum Gate Setting 
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NDA Self-interrogation Techniques for Pu Verification 

PNAR 
-Uses Cd ratio 

-Fission chamber design: 
low efficiency 

DDSI 
-Early to late gate doubles 

ratio 
- 3He or Liquid Scintillator­

high efficiency 

MULTIPLICITY 
-counts S, D, T 

-3He or Liquid Scintillator-
high efficiency 

-Total ftssDe measurement I 
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Primer on Neutron Coincidence Counting 

Gate Width (~s) Trigger 

Fissioning 

Pulse Stream 
Los Alamos 
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____ EST. 19 43 

Operated by the Los Alamos National Security, LLC for NNSA 

I .....-_____ t_ 1 Pulse, 0 Coincidences 
I 

U 
I 

M 
I I I 

I 

~ 
IJU 
~ 

2 Pulses, 1 Coincidence 

3 Pulses, 3 Coincidences 

4 Pulses, 6 Coincidences 
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Pulse-processing Electronics 
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List Mode Data Analysis 

e Each neutron event time and amplifier is stored in 
computer file 

e · multiple gates, 

e variable pre-delays 

e Post data analysis in computer 
- event triggered analysis - Multiplicity 
- Clock triggered analysis - Feynman 
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