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Abstract

Depleted uranium (DU) has been developed in the past two decades as a highly effective
material for armor penetrating rounds and vehicle shielding. There is now a growing interest
in the defense community to determine the presence and extent of DU contamination quickly
and with a minimum amount of intrusive sampling. We report on a new approach using
deconvolution techniques to quantitatively map DU contamination in surface soil. This
approach combines data from soil samples with data from in situ gamma-ray spectrometry
measurements to produce an accurate and detailed map of DU contamination. Results of a
field survey at the Aberdeen Proving Ground are presented.

Introduction

In this article we describe a new approach to mapping DU fragments and residue using data
obtained with field spectroscopy measurements and soil core sampling analysis, and present
the results of a field measurement project conducted at a site with known DU contamination.
DU alloys are currently being used extensively for kinetic energy penetrators due to their
unique ballistic characteristics and low cost relative to other heavy metal alloys. DU
penetrators are being procured and developed by several countries and may be widely used in
the future [1]. Because the gamma-rays are of low intensity, and because the alpha-particle
emission energies are generally not adequate to penetrate the epidermis, the external
radiological hazard from DU projectiles and residual contamination is relatively small.
However, concerns about inhalation, ingestion, or possible risks to environmental resources
have created a growing interest in the detection and quantification of DU, and in the
monitoring of areas where testing and use of DU projectiles has occurred.

In-Situ Gamma-Ray Spectrometry

Field techniques for the measurement of gamma-ray emitting radionuclides in soil with high-
resolution germanium detectors are well-established [2]. These methodologies (referred to as
in situ spectrometry) have been employed for site characterizations in the U.S. [3] and have
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been utilized by European organizations to determine the extent of deposited radioactive
contamination resulting from the Chernobyl accident [4]. In situ gamma ray spectrometry is
particularly well suited for determining levels of contamination over large areas quickly and
with a minimum amount of surface intrusion.

A series of in situ measurements can be used to ascertain the spatial distribution of gamma-
emitting radionuclides in surface soil. A data analysis program, ISD97, was previously
developed and applied to the analysis of a series of in situ measurements on a grid to flag
potential "hot spots" that might be hidden in the data [5,6]. It was developed as a tool to be
used for evaluating compliance with regulations that set limits on the size and magnitude of
"hot spots". The program has been modified here to produce a smoother activity distribution
and to permit the combined analysis of in situ and soil sample data.

The Survey

The site selected for the survey lies within the boundaries of the U. S. Army Aberdeen Test
Center, near Aberdeen, Maryland, U.S.A. This facility is authorized to use DU by the U. S.
Nuclear Regulatory Commission, and has localized soil contamination resulting from normal
test operations. Contaminated soils are located only in controlled and restricted areas.

An extensive discussion of the measurement of uranium contaminated soils with in situ
techniques is available in ref. [7]. The first two gamma-emitting progeny in the uranium series
(234Th and 234mPa) were used to measure the DU. These nuclides have half-lives of 24.1 d and
1.17 min, respectively, and obtain secular equilibrium with 238U in a few months. The detector
used was a 42% relative efficiency (relative to a 7.6 cm x 7.6 cm sodium iodide detector)
high-purity, p-type germanium detector. A total of 19 in situ measurements were taken,
including 1 replicate. The pattern of in situ measurements and soil samples are shown in
Figure 1. A 5 m triangular grid was used with a random starting location. The detector was
uncollimated and all measurements were taken at a height of 1 m above the ground. The
procedure consisted of moving the detector to the measurement location, collecting a 5 min
spectrum, storing the spectra to disk, analyzing the spectrum for 238U and recording the results
in a log book.

Soil samples were collected using a 8.9 cm diameter soil cutter at eight locations in the survey
area. Two of the eight soil cores were segmented in 5 cm intervals to a depth of 15 cm. The
other cores were single 10 cm cuts. The samples were weighed, oven dried at 100°C, and
weighed again. The soil was homogenized using a ball mill and then sieved to remove

Table 1. U-238 concentrations from soil cores and computed values from deconvolution

Soil sample

Location (X,Y)
23 0. 71 5
28 0. 9.1.5
41.0.71.5
23 0. 76.0
28.0. 76.0
36.0. 7.6.0
31 0. 30.0
36 0. 30 0

U-238 Concentration (pCi/g)
(lpCi/g = 37Bq/kg)

Measured
809.7
336.0

7.7
14.0
5.6
7.8
7.3
1.9

Calculated
784.3
335.8

7 7
13.5
5.5
7.1
2.3
18
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material larger than 0.5 mm. An aliquot was packed in a 90 cm3 can for gamma spectrometric
analysis. The sampling procedure and sample preparation are described in EML Procedures
Manual [8]. The results of the soil samples can be found in Table 1.

Analysis of Soil Sample Data and of the Combined In-Situ and Soil Sample Data

A finite number of measurements cannot provide all of the information that is needed to
reconstruct a continuous distribution of activity on the ground. Therefore, the analysis of such
types of data requires finding a "best estimate" that fits the data. In our case, this means the
soil sample data and the in situ measurements to within experimental error. For a set of soil
sample data, the usual procedure is to select an interpolation method to estimate the
distribution over the total area. However, it is difficult to interpolate in situ measurements
because the data does not reflect the activity at a point, but a weighted average taken over a
large area. For this combined data we have developed the approach described below.

We first analyzed the soil sample data only, using an interpolation method based on radial
basis functions [9]. This distribution, shown in Figure 2 (left), fits the soil sample data but it
does not fit the in situ measurements: the average chi-square per in situ measurement is 130.7
(as opposed to ~1 for a good fit). Taken alone, the soil data do not contain any information
between sampling points.

The analysis of the combined soil sample and in situ measurements was done using a two-step
process. We first constructed an approximate smooth distribution (the default distribution)
using the same interpolation method using data from both the soil sample and in situ
measurements. The result of this first step is a distribution that fits the soil sample data within
experimental error, but does not fit the in situ measurements. We then used a modification of
the code ISD97 to do a deconvolution of the in situ data, using the approximate smooth
distribution as an initial estimate (or default distribution). The final distribution, shown in
Figure 2 (right), is smooth, and it fits both the soil-sample data (see Table 1) and the in situ
data: the resulting average chi-square per in situ measurement is 1.0.

Conclusion

In this paper we have demonstrated that in situ measurements and soil sample data can be
used together to produce a distribution of DU activity in surface soil. To analyze the combined
set of soil sample data and in situ measurements, we have introduced a two-step process that
includes an interpolation scheme that makes use of both types of data followed by a
deconvolution analysis of the in situ data only. The final result is a smooth distribution that
agree both with the soil sample data and the in situ measurements to within experimental
error. Results of field measurement at the Aberdeen Proving Ground show that this approach
is practical, efficient and accurate.
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