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A combined K-edge densitometer/235U-enrichment meter known as 'COMPUCEA' is now
successfully used for several years at the Institute for Transuranium Elements (ITU) and by the
Euratom Safeguards Directorate for the determination of the uranium element content and 235U
enrichment in uranium samples III. The device is utilised as stationary equipment at ITU and in
the Euratom On-Site Laboratories at La Hague and Sellafield, and as mobile instrument for in-
field measurements in uranium fuel fabrication plants during inventory verification campaigns.
The actual measurements are performed on samples in liquid form, requiring a prior sample
dissolution for the analysis powder and pellet samples.

The K-edge densitometer in COMPUCEA has been originally equipped with a single isotopic
source (57Co), which in conjunction with a uranium converter foil provided the necessary
radiations on both sides of the uranium K-edge energy at 115.6 keV. This type of radiation source
was recently replaced by a mixed 57Co -153Gd source because of the added advantage of
providing a perfectly linear instrument response as a function of the measured uranium
concentration. The major radiations from this mixed source offer two pairs of gamma rays
(103/122 keV and 97/136 keV), which both bracket the uranium K-edge energy but differ in their
energy difference by about a factor of 2. A total of five COMPUCEA instruments are now
operated with this type of source.

Variations in the matrix composition of the analysed samples represent the main parameter
influencing the accuracy of the uranium element assay with this kind of K-edge densitometry.
The dependence on the sample matrix is related to the energy difference of the photon energies
used for the transmission measurements. The magnitude of a possible measurement bias is
dependent on the magnitude of this energy difference and on the nature of the matrix
composition. The presence of a higher Z element, and the resulting bias effect, can be detected
and corrected for by comparing the instrument response for the two pairs of photon energies.
However, this experimental approach is normally not applicable for minor bias corrections due to
matrix effects caused by density variations of low-Z elements, because the resulting difference
between the measurement results for the two pairs of photon energies is not sensitive enough to
allow a quantitative correction.

The use of the new type of photon source has prompted a detailed experimental study in order to
establish accurate correction factors and/or procedures for reliable bias correction. Two kinds of
matrix effects of practical relevance were studied: the effect of nitric acid used as solvent for the
dissolution of solid uranium samples, and -more important- the impact of varying amounts of
gadolinium occurring in some of the uranium materials to be analysed. High-precision
measurements were carried out on carefully characterised reference solutions offering reasonable
ranges of matrix variation for the influencing parameters to be studied. The aim of the
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experimental program was twofold: first, to establish sensitivity levels for detecting in routine
measurements deviations from a nominal matrix composition, and second, to deduce
experimentally validated correction factors entering into the adopted procedures for bias
correction.

The improvements achieved for the accuracy of the uranium element assay from the K-edge
densitometry measurement also helps to reduce systematic uncertainty components in the 235U
enrichment measurement, which for correct interpretation requires knowledge of the uranium
concentration and of the matrix composition. The respective interrelations will be also discussed
quantitatively in the paper.
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