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Abstract – In this work we present an automated source inversion algorithm suitable for usage in the real-time online
emergency response system JRODOS in which measurements of gamma dose rates and other quantities taken at a wide
range of distances from the Nuclear Power Plant are used to provide estimates of the time-dependent emission rates of
different nuclides.

Keywords: source inversion / inverse problem / data assimilation / nuclear emergency / RODOS
1 Introduction

It is well known that during the emergency phase of a
nuclear accident the most significant source of uncertainty is in
source properties, such as released inventory, time distribution
of release rate, and release height. In the ‘bottom-up’
algorithms, source terms are calculated using information
about the processes inside the reactor leading to the release to
environment. The resulting source terms such as those
described in Landman (2007) are characterized by very high
uncertainty. In the ‘top-down’ (or ‘source inversion’)
algorithms, the source term is estimated by adjusting the
solution of atmospheric dispersion model to measurements.
The inverse problem is regularized using prior estimations of
the source term typically taken from ‘bottom-up’ algorithms.
Source inversion algorithms have been successfully applied
for nuclear accidents (e.g.Winiarek et al., 2011; Saunier et al.,
2013). However, the automation and usage of such algorithms
in real-time is still at its preliminary stage. Winiarek et al.
(2011) developed automated algorithms for near-real-time
source estimation of radioactive release based on the data of
the network of concentration measurements in France.
However, the most reliably available measurements in the
vicinity of nuclear power plants are gamma-dose rates (GDR).
Saunier et al. (2013) presented a solution for the problem of
source inversion using GDR measurements for the Fukushima
accident, prescribing possible ranges of nuclide ratios. The aim
of the present work was to develop an automated source
inversion algorithm using GDR and other measurements taken
at a wide range of distances from the NPP to establish the time-
dependent release rates of different nuclides at unknown
height, suitable for use in real-time online decision support
systems. The status of implementation of the algorithm in
the European nuclear emergency response system JRODOS
(Ievdin et al., 2010) is described and discussed. The detailed
description of the source inversion algorithm, its integration in
JRODOS system and results of its verification is available in
Kovalets et al. (2016).

2 Source inversion method
and its integration in JRODOS

We treat source inversion as a variational problem in which
the cost function characterizing the difference of simulated
results and measurements is minimized with respect to time-
and height-dependent release rates of different nuclides. The
source receptor matrix (SRM) characterizing sensitivity of
calculated values (air concentrations, deposition, GDR) at
points of measurements to values of nuclides emission rates is
calculated during a forward run of atmospheric dispersion
model DIPCOT (Andronopoulos et al., 2010; Tsiouri et al.,
2012). Prior information about source term is used to
regularize the inversion problem and to assure uniqueness
of the solution. The issue of unknown nuclide composition of
the release is handled using the newly proposed approach of
augmenting the SRM and measurement vector with relation-
ships characterizing the ratios of release rates of different
nuclides. The parameters of the regression problem include
error variances of the first-guess source term, error variances of
observations, of simulated results and of nuclide ratios used in
augmented minimization problem. Parameterizations for the
above-mentioned error variances are proposed based on
literature review and physical considerations. The developed
method is integrated in the Source Inversion Module (SIM) of
the JRODOS system. The graphical user interface allows the
user to set basic steering and model parameters of SIM and to
export the estimated source term for subsequent usage by the
JRODOS Local Scale Model Chain (LSMC).
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Figure 1. Time series of true (dots) and estimated (line) release rates for selected nuclides for the case of a first guess source function shifted
backward in time by 2 h and increased (left) or decreased (right) by a factor of 10 as compared to the true source function
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3 Results of calculations

The source inversion method has been tested for a
hypothetical release scenario (source term Muehleberg-1 from
Seibert et al., 2013) and the meteorological conditions of the
ETEX experiment (Gryning et al., 1998). The source term
consisted of 21 nuclides and was characterized by two release
phases of 0.5 and 4 h, separated by 2 h of no release before the
beginning and after the end of each release phase. The SRM
and the vector of ‘measurements’ (GDRs at the locations of
the ETEX network sites with 10min time resolution) were
generated by different runs of DIPCOT which has a stochastic
component and thus these runs were slightly different (by
about 5%). The results of the source inversion with
automatically assigned values of regularization parameters
are presented in Figure 1 for selected nuclides representative of
each group (noble gases, iodine and aerosols). In all cases the
time of maximum release rate is correctly found and estimated
release rates are satisfactory. The release height (equal to 50m)
was correctly estimated by performing source inversions with
different release heights and choosing the run with minimum
achieved value of cost function.

4 Conclusions

We have presented an automated source inversion
algorithm suitable for usage in real-time online emergency
response systems in which measurements of gamma dose rate
and other quantities taken at a wide range of distances from the
NPP are used to derive the time-dependent release rate of
different nuclides. The algorithm is integrated into the
European nuclear emergency response system JRODOS.
The robustness and real-time applicability of the developed
algorithm were demonstrated. Further testing of the algorithm
with real measured data is planned. It is recommended to
combine the algorithm with the meteorological data assimila-
tion tools (Kovalets et al., 2004) previously developed and
implemented within the JRODOS system. Further work may
also include the development of more sophisticated though still
practical algorithms for better estimation of the various error
variances. A full implementation of the algorithm within the
JRODOS system will also require adaptation of the existing
measurement databases.
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