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Abstract

Accurate reconstruction of atmospheric release source terms for radionuclides is a critical scientific challenge
in nuclear accident consequence assessment and emergency response. In practical radiological events, the
source location is typically unknown, and relevant information must be inferred from observed atmospheric
activity concentration data. The source term can be represented as a five-dimensional feature tensor compris-
ing longitude, latitude, time, release height, and particle size. However, such inverse problems are inherently
ill-posed, and the available measurements are often insufficient to support a reliable estimation of the complete
tensor, highlighting the importance of incorporating appropriate prior information. To address this, we pro-
pose for the first time in this field a novel strategy that integrates deep image priors with sparsity constraints.
Within a variational optimization framework, the method employs convolutional neural networks combined
with sparsity regularization to effectively constrain the spatiotemporal characteristics of the source term. Us-
ing the 137Cs release event triggered by the 2020 Chernobyl forest fire as a case study, the proposed approach
successfully reconstructs a compact and physically plausible spatiotemporal source distribution without re-
quiring an initial guess, with an estimated total release of 254.938 GBq. The reconstructed results, including
source location, temporal profile, and total release, show strong agreement with previously reported values,
and the simulated concentrations exhibit good consistency with observations.

Keywords

consequence assessment for nuclear accidents; spatiotemporal source term reconstruction; deep image prior;
sparsity regularization; Chernobyl wildfire

Authors: Prof. FANG, Sheng (Tsinghua University); XU, Yuhan (Tsinghua University)
Presenter: XU, Yuhan (Tsinghua University)

Session Classification: Al+

Track Classification: 03 [13LiR&: AL+



