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Abstract

Rapid on-site screening and classification of uranium-contaminated soil are important in nuclear facility de-
commissioning, radioactive contamination remediation, and uranium mining-related environmental restora-
tion, where large volumes of soil may need to be classified before disposal, backfilling, or reuse. Conventional
laboratory analysis provides accurate uranium concentrations but is time-consuming and difficult to apply
to continuous field sorting. In this study, an in-line energy-dispersive X-ray fluorescence (EDXRF) detection
system was developed for rapid uranium-contaminated soil screening under dynamic conveying conditions.
The system integrates sample pretreatment, soil-layer height control, high-voltage X-ray excitation, silicon
drift detector-based fluorescence measurement, transmission imaging, density measurement, and software-
controlled sorting in a field-deployable platform.

Uranium was identified and quantified mainly using its L-series characteristic X-ray lines. Field measure-
ments were performed at a tube voltage of 130 kV and a tube current of 300 pA. The tube voltage of 130 kV
was selected to provide sufficient primary-beam penetration and excitation flux for moving soil layers. The
conveying speed was set to 20-30 cm/min. For each measurement interval, the EDXRF spectrum was accu-
mulated for 1 min to improve counting statistics and obtain a representative uranium signal from the soil
passing through the detection zone. The system also allowed soil-layer height control and density measure-
ment, enabling the material throughput to be calculated. Three field-prepared samples with nominal activities
of 1.00, 3.14, and 9.00 Bq/g were initially used for calibration. Subsequent ICP-MS analysis showed that their
actual activities differed from the nominal values; therefore, calibration-error correction was applied before
comparison with laboratory results.



The calibration-corrected field-device results were compared with ICP-MS measurements. A total of 16 paired
results were obtained after correction, giving a coefficient of determination of R* = 0.928 and a mean absolute
relative deviation of 32.1%. The detection limit of the developed system was estimated to be 0.7 Bq/g, which is
below the 1.0 Bq/g screening threshold. The developed system showed no misclassification for samples below
0.7 Bq/g or above 1.0 Bq/g, supporting reliable discrimination outside the borderline range of 0.7-1.0 Bq/g. The
system achieved a calculated throughput of more than 1 t/h under the tested operating conditions. In addition,
pressed-pellet XRF measurements of the corresponding soil samples were conducted using a laboratory XRF
spectrometer. The pressed-pellet XRF results showed a strong linear relationship with the field-device results,
with R? = 0.9454, indicating that the in-line EDXRF system captured a uranium response trend consistent with
laboratory XRF measurements. These preliminary results demonstrate the feasibility of the developed in-line
EDXRF system for rapid field screening of uranium-contaminated soil. Further improvement will focus on
certified calibration samples, matrix-effect correction, and compensation for soil moisture, particle size, and
layer-thickness variations.

Keywords

uranium-contaminated soil; in-line EDXREF; field detection; rapid sorting; nuclear decommissioning

Authors: Mr 73, T (AESE T K%%); Prof. [KY%, gk (AUATFE T K2%); Prof. BH, T (AUEPFE T K%); Mr
TR (BESEE oK), Mr B, i (ERE LK), MriB K, H (BREREE LK), M, BE (RETEE K
%)

Presenter: Mr T, £ (FEE T K)
Session Classification: & ARNN A, EXYHEETE

Track Classification: [3kiRe: AN N, EXEYHEESTE



