
Quantifying uncertainties for the numerical simulation of gas
dispersion from a liquified natural gas pool

M. Bellegoni∗, C. Chicchiero†, B. Rocchio†, F. Ovidi†, C. Galletti†, G. Landucci†,
M.V. Salvetti†

∗ † Department of Civil and Industrial Engineering
University of Pisa, Pisa, Italy

e-mails: marco.bellegoni@phd.unipi.it, claudio.chicchiero@phd.unipi.it,
benedetto.rocchio@ing.unipi.it, federica.ovidi@ing.unipi.it, chiara.galletti@unipi.it,

gabriele.landucci@unipi.it, mv.salvetti@ing.unipi.it

Key Words: CFD, hazardous materials, sensitivity analysis, optimization

ABSTRACT

Society is increasingly demanding for the safety of industrial processes and environmental pro-
tection. In this framework, the evaluation of accidental releases and subsequent dispersions of
hazardous materials is fundamental to develop a more sustainable process industry. For this pur-
pose, different numerical tools are available. The most widely used are integral models, which are
based on lumped parameters and solve one-dimensional equations with semi-empirical correlations.
These models are very simple and ask for little computational resources even though they cannot
be used to estimate the effect of obstacles on the dispersion process. In fact, the experimental
data, which are employed to derive the correlations, refer usually to open-field configurations [1].
With the increased available computational power, Computational Fluid Dynamics (CFD) has be-
come more popular for this kind of studies. Indeed, CFD solves 3D Navier-Stokes equations and
transport equations for chemical species in arbitrarily complex domains. In the industrial practice,
Reynolds averaging is used to overcome the computational efforts required by transient cases and
the complex large domains; however, this approach asks for sub-models describing turbulence to
ensure the consistency with the Atmospheric Boundary Layer (ABL).
In this work, the dispersion of methane from a Liquified Natural Gas (LNG) pool, formed after
a loss of containment from a storage tank, is studied with CFD. Preliminary, we used an integral
model to characterize the leakage, the pool formation and the time evolution of the gas vaporiza-
tion. Then, we applied the latter information in the CFD model, which simulates the gas dispersion
in the presence of a simple obstacle. Within this approach, uncertainties can be present in the char-
acterization of the gas source, i.e. the output of the integral model, but also in some parameters
describing the ABL turbulence. Starting from this, we intend to perform Uncertainty Quantifica-
tion, evaluating, first, the computational cost of the transient simulations of the gas dispersion and
then deciding whether the generalized Polynomial Chaos (gPC) expansion or the Stochastic Collo-
cation (SC) with sparse grid algorithm is the best option for this scope. Moreover, we also intend
to develop an optimized CFD tool for hazardous gas dispersion modeling, through a sensitivity
analysis with the calculation of Sobol indexes [2].
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