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Introduction

A Motivation

I Need for direct measurement of the fissile content in spent fuel by IAEA
I Implement effective international safeguards
I Recover continuity of knowledge
I Detect the diversion of fuel for proliferation purposes

I Material accountability

I Improve safeguards for transporting spent nuclear fuel from one facility to
another (shipper/receiver)

I Quantify the amount of fissile material in an input accountability tank at an
electrochemical processing facility

A Purpose

I Develop the use of Self-Interrogation Neutron Resonance Densitometry
(SINRD) to measure the fissile content in fresh and spent fuel

I Improve nuclear safeguards and material accountability
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Self-Interrogation Neutron Resonance

Densitometry (SINRD)

A Utilizes unique resonance
structure in the fission cross-
section of different fissile isotopes

I The epithermal neutron flux is measured
after transmission through a fissile
sample using a set of fission chambers

Transmitted Neutron Flux

A Sensitivity of this technique is
based on using the same fissile
materials in the fission chamber as
are in the sample

I Resonance absorption lines in the
transmitted flux are amplified by the
corresponding (n,f) reaction peaks in
fission chamber
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Overview of Research Objectives

A Primary Objective

i Develop and assess the sensitivity of using SINRD to measure the fissile
content in fresh and spent fuel from LWR and FBR reactors

A Objectives of Fresh Fuel Simulations
I Determine total 23°U content in a PWR 17x17 fuel assembly
i Varied enrichment of UO, fuel from 0.25 to 5.0 a/o 23°U
i Assess the sensitivity of SINRD to the diversion of fissile material from an
assembly by modeling partial defects
I Optimize detector configuration

A Significance of Fresh Fuel Simulations
I Obtain a better understanding of the underlying physics of the SINRD
measurement technique
I Apply technique to measure the fissile content in LWR spent fuel
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Description of MCNPX Simulations

A Modeled PWR fuel assembly in water (with & without 2200-ppm

of boron) and in air

I Spontaneous fission neutrons from 238U were used to self-interrogate the
fresh fuel pins in the MCNPX simulations of SINRD

Characteristics of PWR 17x17 fresh fuel assembly

Assembly width (square) 212 mm
Lattice dimensions 17 x 17
Number of pins per assembly 264
Fuel material UoO,
235U enrichment 0.25 -5 at%
Cladding material Zircaloy 2
Outer fuel diameter 9.00 mm
Outer clad diameter 10.0 mm
Fuel element pitch 12.5 mm
ﬁj Moderator Light Water
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Detector Configuration

A Measured 235U resonance
absorption lines using a set of
235U fission chambers

I Located adjacent to the assembly

I Can be applied to any (4) sides of
assembly

A Flux monitors:

I Bare 23U FC (thermal flux monitor)
i B,C outer 23°U FC (fast flux monitor)

A Gd and Cd covered 235U FCs:

T Used to measure resonance
absorption from 235U in the fuel
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Fuel
Assembly

0.0lmm Gd
covered 235U FC

Bare 235U FC

3.0mm Cd
covered 23°U FC

4.0mm B,C

Polyethylene lined
with 1.0 mm Cd
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Sensitivity of SINRD to Partial Defects

A (2) models for fissile material diversion from a fuel assembly:
I Misdeclare 23°U enrichment of fuel
I Remove fuel pins and replace them with either depleted uranium or iron pins

A Removed fuel pins assuming 4-quadrant symmetry
i Varied defects from 6.25% to 50%
i Replaced fuel pins with stainless steel (SUS 304) pins
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Fresh Fuel Results i Effect of Boron in Water

A B,C outer 235U FC to Bare 235U
FC versus boron concentration
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A Significance of this type of
detector ratio measurement
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i Verify enrichment of reference
assembly used for calibration
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Optimization of Gd and Cd Filter Thicknesses
A Transmitted flux through Gd & Cd filters versus neutron energy

I Thick Cd absorbs majority of neutrons in the low energy 235U resonance region
i Thin Gd transmits a significant portion of these lower energy neutrons
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