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This work presents an investigation of the self-attenuation of gamma-rays emission form
nuclear materials [NMs] for measuring the U-235 enrichment, U-235 mass content and
isotopic composition of NMs by non-destructive assay technique [NDA]. The measurements
then would not need the use of suitable NM Standards which may not be available in many
situations [1].

The self-attenuation correction factor (F) may be estimated by the use of the linear attenuation
factor of the assayed sample, the geometrical configuration of the assay set-up and the
position of the assayed sample relative to the detector. [2,3]

A developed mathematical analysis makes use of specific parameters which affect the
estimation of the self-attenuation of the source-detector system which emits passive gamma-
rays at certain prominent signatures.

The NM is assumed to be a homogeneous source of gamma-rays at a certain distance from the
detector. Figures 1 and 2 show the two configurations of the investigated cases.

A simplified Monte Carlo scheme written in QBasic programming language on a personal
computer has been used for the estimation of the self-attenuation correction factor. The
program simulates the points and directions for an isotropic photon emission source in the
assayed sample for cylindrical sources. For each photon emission, the program checks if it has
arrived at the detector surface or not. In case of arrival, it calculates the distance traveled
through the nuclear material. Then, the self-attenuation correction factor (F) may be estimated
as the total sum of the penetration probabilities for all photons emitted from the source and
fall on the detector - relative to the total number of photons which arrive at the detector
surface without considering any attenuation (Nd). The relation could be given as:

•N d i=l

where

N s is the total number of histories generated inside the sample body,

\xu is the linear attenuation coefficient of the sample at certain photon energy,

t is the distance traveled by the ith photon inside the nuclear material

Pi is the probability that the ith photon falls on the detector surface.

The results of the self-attenuation correction factor estimation for the two studied cases are
presented in Figures 3 and 4. These values are in good agreement with the results obtained by
using the model developed by Parker [3], except for small values of source-to-detector
distances relative to the dimensions of the source and detector.
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It may be concluded that the developed method for the estimation of the self-attenuation
correction factor could allow obtaining accurate estimation of the U-235 enrichment by NDA
technique.

The present work could be applied for NM verification and safeguards purposes - particularly
- when NM Standards are not available.
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FIG. 1. The detector views the sample

from one of its circular faces.

FIG. 2. The detector views the sample

from its side.
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