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Abstract

The identification of source parameters of the unknown tracer emissions is a prerequisite
in the contexts of various Chemical, Biological or Radiological airborne releases for an
improved assessment and an effective emergency preparedness program during these
accidental or deliberate dispersion events. Such problems are challenging and practically
important due to its direct influence on human health and environment. The releases are
unexpected, and may not be feasible to observe or measure directly on-site. Also, in such
incidents a priori information about the contaminants or the releases is limited. The
efficiency of emergency responses is subjected to the quality of information that can be
obtained about the source of release. Thus, it is required to develop a methodology within

the framework of data assimilation techniques for the source term estimation.

The primary aim of the thesis is to describe the inverse modelling techniques for
the identification of an elevated point-source emission from a finite number of
atmospheric concentration measurements. As a part of it, least square and
renormalization inversion techniques, utilizing the concept of adjoint operator, are
adopted for the identification of a point-source. These techniques are evaluated with the
concentration measurements obtained from the diffusion experiments in low wind stable

conditions conducted at Idaho Falls (Idaho, USA).

The construction of source is highly variable due to instrumental errors/noise
involved in observational data as well as representativity errors associated with the
dispersion model. The treatment of representativity errors in source inversion problems is

difficult and has not been undertaken extensively. In view of this, the thesis explores the



further understanding of the effect of observation and model representativity errors. An
approach based on regression is described for minimizing the model representativity
errors to improve the source estimation. This approach is utilized within the framework
of renormalization and least square inversion techniques to quantify the effect of

minimization of model errors on the estimation of source characterstics.

The studies carried out so far are concerned with the estimation of the source
(location and its intensity) of known height. Reckoning the height of a release in the
source term estimation is also very important since a ground level approximation of the
release leads to errors in capturing the actual extent of a plume. The release height is
relatively more difficult to estimate from both technical as well as meteorological points
of view. Technically, the computational cost and inversion complexity increase when
number of unknown parameters increase. Meteorologically, the sensitivity of
contaminant dispersion with the source height restricts the feasibility or quality of
inversion. Also, in low wind stable conditions, the diffusion of pollutant is irregular and
stagnated near to the release. The techniques, namely least squares and renormalization,
are extended for the identification of the height of release along with its projected release

location on the ground and intensity.

In addition, the thesis addresses the inadequacies in the source construction due to
the approximation (to the ground level or negligence) of the height of the release and
receptors. The sensitivity of source parameters is carried out for the requirement of the
minimum number of measurements and also with respect to the measurement noise for
the source estimation. The limitations and meteorological issues related to the inversion

of an elevated release are also highlighted.
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