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ABSTRACT

Oil & Gas plants are complex systems involving dangerous
substances, potential origin of severe accidental scenarios.
Therefore, according to Directive 2013/30/EU, a Risk
Assessment (RA) is mandatory. A fundamental step of the RA
is the accident simulation to evaluate the damage area involved
by each accidental scenario.

One of the main issues of natural gas extraction platforms is the
presence of traces of hydrogen sulfide (H2S) in the extracted
mixture. When the HzS is present in the natural gas, the mixture
is called sour gas. The presence of HzS is of great interest since
it is flammable, colorless and highly toxic, therefore, highly
dangerous to people. Several literature studies demonstrate that
it is common to have mixtures with 2 % to 20 % by weight H2S
in Oil & Gas facilities reservoirs, underlying how this problem
is of common interest.

In this work a highly pressurized (50 bar) accidental release of
a methane-hydrogen sulfide mixture (95 % CHa4 — 5 % H2S) in
the production deck of an Oil & Gas platform is treated. Due
to the complexity of the geometry and the need to accurately
define the dangerous areas, the Computational Fluid Dynamics
(CFD) is chosen to simulate the event instead of the commonest
empirical models.

In particular, the multi-scale and multi-physics nature of the
involved phenomena represent a real challenge for the CFD
simulation implementation. In fact, as the gas is released from
high pressures (10 bars or more) into the ambient, a highly
under-expanded jet develops: a supersonic velocity is reached
(Ma >> 1) near the release point where a Mach disk appears and
produces very strong discontinuities in the flow-field variables
(pressure, velocity, density, temperature, etc.). As the gas slows
down, a subsonic dispersion follows in the main portion of the
deck, where the velocity gradients rapidly decrease, and the
buoyancy effects become dominant.

This work proposes a CFD two-steps approach implemented on
ANSYS Fluent, called SBAM (Source-Box Accident Model) to
simulate the accident in order to account for the different
physics involved, in order to evaluate the damage areas
affected.

Keywords: accidental gas release, risk, safety, CFD fluid
dynamics, ANSYS Fluent, Oil & Gas, offshore facilities,
hydrogen sulfide
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NOMENCLATURE

Greek Symbols
p Mass density, [kg/m?3].

Latin Symbols

d Diameter, [m].

p Pressure, [bar].

v Velocity, [m/s].

Ma Mach number, [-].

y* Dimensionless wall distance, [-].

Y; Local mass fraction of ith species, [-].

Ri Net rate of production of ith species, [kg/m%/s].
Si  Source term of ith species, [kg/m%/s].

J, Diffusion flux of ith species, [kg/m?s].

t time, [s].

INTRODUCTION

Nowadays, the Risk Assessment implementation tools
are being continuously improved for risk-relevant
industrial applications that involve hazardous substances,
e.g. Oil & Gas facilities, chemical plants, nuclear
installations (Pate-Cornell, 1993 and Necci et al., 2019).
Quantitative Risk Assessment (QRA) is fundamental and
mandatory according to European guidelines to
guarantee the industrial plant sustainability (Casal, 2007
and Vinnem, 2019). This procedure requires the analysis
of numerous accidental scenarios in order to perform an
exhaustive consequence analysis. This work takes into
account an Oil & Gas offshore platform offering an
improvement in the accident simulations to enhance the
sustainability of the consequences analysis process. The
state-of-practice for onshore facilities involves the use of
empirical models (e.g. Chen and Rodi, 1980, Davidson,
1967 and Zamejc, 2014) to estimate the damage areas
associated to the accidental events, due to their fast
response. Meanwhile, in the offshore applications,
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Figure 1: Production deck CAD, wind direction, release point (blue sphere).

characterized by complex geometries and congested
environments, the empirical models lead to a large
overestimation of the damage areas and to an oversizing
of protections, which involve the growth of construction
cost and a mechanical overload of the offshore structure.
From the last considerations, the necessity to find another
approach for consequences’ estimation in complex
structures arises. The SEADOG Lab Group of
Politecnico di Torino, driven by this necessity, proposed
a novel CFD method, called SBAM (Source Box
Accident Model) aiming at guaranteeing a suitable cost-
accuracy trade-off for the simulation of accidental
releases of a pressurized gas in congested industrial
environments. The SBAM approach splits the
phenomenon in two different CFD simulations, realized
in ANSYS Fluent, in order to properly treat its multiscale
and multi physics nature and to speed-up the simulation
for obtaining a computational time compatible with the
QRA procedure (detailed description in section 3).
Different authors have already proposed this two-steps
method (Venetsanos et al., 2008, Choi et al., 2013, Liu et
al., 2014 and Deng et al., (2018)), but they used a hybrid
empirical-CFD approach to simulate the event, while
here a full CFD method is proposed because the
congested environment requires to model the first phase
of the phenomenon in a reliable way .

This paper would not have been possible without the
sponsorship of the Ministry of Economic Development’s
Directorate General for Safety — National Mining Office
for Hydrocarbons and Georesources.

Objective of the work

In this work, a high-pressure sour gas release in an
offshore platform production deck is analysed. The
SBAM approach is applied to a specific case study to
obtain the damage distances useful for flammable and
toxic maps of a QRA. The objective of this paper is to
show how the method works considering a flammable
and toxic gas mixture, its advantages and its flexibility to
identify the damage areas consequent to an offshore
accidental scenario.
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PROBLEM DESCRIPTION

Sour gas in offshore environment

In the offshore extraction platform, the natural gas is
mainly composed by methane with traces of other
volatile hydrocarbons, carbon dioxide, nitrogen and
hydrogen sulfide. The hydrogen sulfide (H.S) is the
major pollutant in natural gas and, when it is present, the
natural gas is called sour gas. HyS is a colourless,
flammable and highly toxic gas. Several Oil&Gas
extraction facilities observe the presence of hydrogen
sulfide in their reservoirs and many studies are performed
on the amount of H,S in natural gas. As suggested by
(Worden et al., 2003), in the North Sea the natural gas
can contain up to the 2 vol% of H,S; according to
(Zempolich et al.,2002) and (Warner et al., 2007), the
Kazakh gas fields of Kashagan and Tengiz can reach
contents of 19 vol% and 16 vol% of H.S respectively; in
the Sichuan Basin, the percentage of H.S in natural gas
can vary between 10 vol% and 17 vol% as suggested by
(Liu et al.,2010); with reference to (Mi et al., 2017) the
natural gas extracted from Eastern Venezuela Basin
contains the ~ 5 vol% of H,S.

An accidental high-pressure release of sour gas can lead
to several major hazards like explosions, fires or
intoxication. Moreover, the presence of H,S can cause
several damages to the process components due to its
corrosive properties, increasing the failure rate due to
leakages (Li et al., 2014). The effects of sour gas release
can be dramatic for the people and the environment, as
observed during the Lodgepole blowout accident in
Alberta in 1982 (Layfon and Cederwall, 1987), up to now
the biggest release of sour gas.

Case study
The sour gas release in a production deck (shown in Fig.
1) analysed here is defined by a set of relevant
parameters:

e Release conditions: p, = 50 bar,T, = 300 K

e Release hole diameter: d, = 3 cm

e Released gas mixture molar composition:

95 mol% CH, — 5 mol% H,S

e Wind velocity: v = 6m/s

e Wind direction: 0.5x + 0.5z (Fig. 1)

e  Ambient temperature: T, = 300 K



e Release position x =3 m,y=25m,z=10m
and direction x (light blue sphere in Fig. 1);

The release pressure and hole diameter values (a circular
hole is assumed) are chosen in agreement with (Vivalda
et al., 2018) and are considered representative for Oil &
Gas field. The selected wind intensity is typical of Italian
platforms installed in the Adriatic Sea. The mixture
molar composition is chosen according to the literature
review exposed in section 2.1.

METHODOLOGY

In this work, the SBAM method is applied and it is
characterised by the splitting of the accidental release in
two different simulations.

This necessity arises from the phenomenon multi-physics
and multi-scaling nature. In fact, since the gas, in case of
accident, is released at high pressure (10 bar or more), a
highly under-expanded jet results (Franquet et al., 2015)
with strong compressible effects, as the presence of a
Mach disk. This phenomenon is confined in a very small
portion of the domain, near the release point, where the
flow is compressible (Ma>0.3) (Munson et al., 2009).
At a certain distance from the release point, the gas flows,
it reaches subsonic velocities (Ma<0.3) so that the flow
can be assumed incompressible and a gas dispersion
occurs in the remaining part of the domain, the biggest
one.

Consequently, the splitting of the phenomenon into a
supersonic-compressible  discontinuous  flow (the
release) and an incompressible-subsonic smooth flow
(the dispersion) results convenient for modelling
purposes.

The SBAM method consists in simulating the release in
a small domain, the Source-Box (SB), dimensioned to
contain all the compressibility effects (see paragraph
3.1.1), and setting the right models to account for these
effects and a suitable mesh to capture the discontinuities
in the Mach disk region. The results of this release model
are the profiles of velocity and mass fraction of the
pollutant gas on the outer faces of the SB, representing
the interface with the domain of the dispersion modelling
(section 3.2.1); in the latter, the mesh can be rough as no
complex fluid dynamic structures are expected.

As shown in the results, this approach permits to have a
fast dispersion evaluation. Moreover, the same SB results
can be used for many dispersion simulations just
changing the release position and direction in the domain.
This outcome is relevant especially from a QRA point of
view, since this procedure requires the simulation of
many scenarios in a relatively short time.

Release simulation (Source-Box)

Design and mesh

The SB presents a cubic shape with dimensions defined
to guarantee that all the compressibility effects are
exhausted inside its domain. (Crist et al., 1966) suggest
that the compressible effects become negligible when the
distance from the release point is ten times the distance
of the Mach disk (Xm). Several authors, as (Franquet et
al, 2015), have conducted numerical and experimental
studies to obtain a correlation to define the Mach disk
position. (Franquet et al, 2015) suggest the following
definition of X:
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Po
Pamb

X, = 0.645 - d, - O

where pamb iS the ambient pressure. Then, according to
(Crist et al., 1966), the SB side length (Lsg) is:

@

Using the parameters presented in 2.2 the characteristic
length of the SB of this case study is Lsg = 1.38 m.
Another important feature of the SB is the presence of an
obstacle in front of the release point, since it is likely to
occur in industrial congested plants. In this case, a
cylinder with diameter 30 cm is located at a distance of
45 cm from the release point.

An unstructured tetrahedral mesh is chosen as it better
suits complex geometries and it is suggested for non-
directional flows (ANSYS Fluent, 2018). A non-uniform
mesh with a major refinement in the Mach disk region
and near the cylindrical obstacle is created; to assure the
solution independence from the chosen grid a
convergence study is performed obtaining a ~9.5e4
elements mesh with an average size of computational cell
of ~5e-3m and a refinement around the release hole with
a cell of ~2e-3m. The Fluent inflation algorithm is used
to model the boundary layer near the nozzle wall and the
obstacle, the first cell height is chosen in order to obtain
y* < 5 in the wall region (Munson et al., 2009).

Leg = 10 - X,

Source-Box simulation setup

To model the highly under-expanded jet of CHs-H3S
mixture, a 3D steady-state simulation is set. This choice
is made because the detection time of the safety detectors
is longer than the transient time of the phenomenon: the
dangerous substance cloud reaches the steady-state
configuration before the gas detectors can detect the
presence of the hazardous atmosphere. According to
(Doroudi et al.,, 2015), a Pressure-Based Coupled
Algorithm is selected (ANSY'S Fluent, 2018). A pressure
inlet of 50 bar, a CH4 mole fraction equal to 0.95 and a
H>S mole fraction equal to 0.05 are imposed at the nozzle
inlet. A wall with no-slip condition is imposed on the
nozzle external surface and the cylinder surface. A
pressure outlet set at atmospheric pressure is imposed on
all the external SB surfaces to reproduce the open
environment around.

Due to the compressible nature of the flow, the
temperature field must be evaluated by solving the
energy equation in order to calculate the density. The
SST k- turbulence model, validated for under-expanded
jets by (Novembre et al., 2006) and (Liu et al., 2014)
against the available experimental data (Eggins and
Jackson, 1974), is selected for the purposes of this study.
Moreover, since a y+ <5 is obtained at the walls, the SST
k-o model guarantees a proper boundary layer
evaluation. The viscous dissipation term is selected to
describe the thermal energy due to viscous shear in the
flow, which is relevant for high velocity compressible
flows (ANSYS Fluent, 2018). To model the interaction



between different chemical species (CH4-H,S-Air) the
“Species Transport” model is used in order to solve a
transport equation without chemical reactions. The
“constant dilute approximation” provided by ANSYS
Fluent is considered by setting a value ~2e-5 m?/s in
order to take into account the diffusion of the chemical
species in the air. The same assumption is made for the
dispersion simulation as well.

The local mass fraction of each species () is predicted
using the transport equation in the following form;

%(pm +V-(pBY) =-V-],+ R +S; ®3)
where R; is the net rate of production of species and S; is
a source term.

A pseudo-transient model is used in order to relax the
solution. This optionis a form of implicit under-
relaxation that guarantees a better convergence of the
solution.

Dispersion simulation

Design and mesh

The simulation domain is shown in Fig. 1. For the
dispersion simulation, a simplified CAD of the
production deck is considered; in order to simplify the
geometry of the study the deck minor equipment is
neglected. It should be noticed that the roof and the floor
of the deck are plated walls, typical of gas extraction
platforms in order to limit the hazardous areas involved
in the accidental scenario if a leakage occurs.

Due to the complexity of the geometry, an unstructured
tetrahedral mesh is generated. This choice is also due to
the fact that the use of structured meshes for the
discretization of complex geometries with curves can
require high time-consuming processes and low quality
meshes (e.g. high skewness, etc.). Coherently, (ANSYS
Fluent, 2018) suggests that an unstructured mesh is more
efficient in the distribution of the elements, especially
when curved objects are present. Finally, also for this
simulation a grid convergence study is performed, and
the resulting mesh consists of ~3e6 elements with an
average computational cell size of ~0.5 m and a face
refinement on the obstacles of ~0.15 m and on the SB
about of ~1 cm.

Dispersion simulation setup

As the release simulation, also the dispersion simulation
is performed in steady-state since the final purpose is the
estimation of the cloud dimensions at steady-state
conditions because of the flammability and toxicity of the
released mixture. In addition, in view of a CFD-QRA
integration, a transient simulation will lead to high
computational cost.

To describe the assumed boundary conditions, Fig. 1 can
be taken as a reference. On the South and East side of the
platform, avelocity inletis imposed to reproduce the
wind velocity of 6 m/s and the direction explained in the
case study explanation in 2.2. On the North and West side
apressure outletis used to impose an atmospheric
pressure. In fact, as the deck lateral faces are open, the
gas cloud can escape the domain due to its dispersion and
the wind effect. The deck floor, the ceiling and all the
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obstacles inside the deck are modelled as walls with no-
slip conditions. The results of the SB simulation are used
as boundary conditions of the dispersion simulation to
simulate the release; for this purpose, a box with the same
dimensions of the SB is created in the domain in the
release position. On its faces the CHs m.f. (mass
fraction), H>S m.f. and velocity profiles are imposed (Fig.
3, Fig. 4, Fig. 5).

The turbulence model employed in the calculation is an
SST k- as it has been validated for subsonic dispersions
of methane in a room by (Li et al., 2016), against the
experimental data obtained by (lvings et al., 2010).

The choice of a RANS model can be justified by
considering that a fast evaluation is desirable and, for our
purposes (i.e. the evaluation of damage areas and
volumes), an average distribution of the variables of
interest (such as the CH4 and H.S mass fraction, the
velocity, etc.) is sufficient.

For this simulation as well as for the SB one, the species
transport model (Eq. 3) is used to model the CHs — H,S -
air interaction; no chemical reaction is considered in both
release and dispersion simulations, therefore no CO; and
water vapor will form during the event.

Particular attention is paid to the relaxation factors, as the
species interaction causes oscillations in the residuals in
most of the cases. Therefore, a fine tuning of the species
relaxation factors is necessary. For example, at first, very
low values of CH. and H3S equations relaxation factors
are used, e.g. 0.5; once the residuals began to be smooth,
these values are incremented to 0.8 until the simulation
converges. The convergence is evaluated looking at some
significant indicators like the average velocity at the
outlet, the mass integral of CH4 and H,S: when they reach
a plateau, the simulation is stopped.

RESULTS

Release phase results

A first discussion of the results is made in order to check
their physical consistency. The high release pressure (50
bar) causes the formation of a highly under-expanded jet,
which structure is very well known and studied in the past
(Franquet et al., 2015). Therefore, it is important to check
if the fluid-dynamic structure resembles the theoretical
one. For this purpose, Fig. 2, which shows the midplane
section of the SB, can be considered.
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Figure 2: Velocity field in the SB midplane

As expected, the jet presents the typical fluid-dynamic
structure: a supersonic core appears near the release point
and a normal shock (Mach disk) divides the supersonic
core from a subsonic region. Furthermore, the jet obstacle
interaction reproduces a strong Coanda effect, as the fluid
tends to follow the convex cylinder surface. To assess the
accuracy of the solution in the most critical region, i.e.
around the Mach disk characterized by strong
discontinuities in the flow filed, the distance of the disk
is compared to that obtained by using (Eq.1).

In Table 1, the values obtained by CFD and theory are
detailed.

Table 1: Mach disk location

Xm (Eq. 1) Xm (CFD) Relative error
[m] [m] [%]
0.1368 0.1300 4.97

The accuracy of the Mach disk location obtained by CFD
can be considered satisfactory and physically consistent
as the relative error with respect to the theoretical value
is small enough.

At this point, it is important to analyze the important
results for the SBAM method; in Fig. 3, Fig. 4 and Fig. 5
the velocity, CHs m.f. and H,S m.f. contours on the
external SB surfaces are shown respectively.

ANSYS
R18.2
Academic

Velocity
117.255

Figure 3: Velocity contours of SB outer surfaces
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ANSYS
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Ch4.Mass Fracti

e

Figure 4: CH, mass fraction contours of SB outer surfaces

ANSYS
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Academic
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A

Figure 5: H,S mass fraction contours of SB outer surfaces

These profiles are crucial, since they represent the input
boundary conditions of the dispersion simulation. It can
be appreciated that the flow has enough inertia to close
after the cylinder. The jet opening is more pronounced in
the midplane of the SB, the release plane, since the
momentum of the fluid is higher than in the other SB
sections. The temperature field analysis is neglected
because the released gas and the ambient are at the same
temperature. Near the release point, it is possible to
observe the temperature of the jet decreasing in
correspondence of the Mach disk, but the fast mixing
between the jet and the surrounding ambient air
maintains the CHas-HS mixture near the ambient
temperature. For this reason, also in the dispersion
simulation the temperature field is not discussed.

Dispersion phase results

Before discussing the results, some quantities of interest
must be defined, as the objective is to estimate the
dangerous areas associated to the accident. Both CH4 and
H,S are flammable, while only H,S is toxic, therefore it
is important to introduce the following quantities:
e LFL: Low Flammability Limit;
e UFL: Upper Flammability Limit;
e IDLH: Immediately Dangerous to Life and
Health concentration;
e LCs: lethal dose at which50% of the
population is killed in a given exposition time.



The reference values for each species taken from
(NIOSH, 1994, OSHA, 2020 and Zlochower et al., 2009)
are presented in Table 2.

Table 2: Flammability and toxicity limits

LFL UFL IDLH LCs
[mol. [mol. [ppm]  [ppm]
conc.] conc.]

CH, 0.05 0.16 \ \

H.S 0.045 0.455 100 713

Since both species of the released mixture are flammable,
it is possible to evaluate the LFL and UFL of the mixture
using LeChatelier’s rule as done in (Liao et al., 2005)
remembering that the release mixture has 95% CH4 — 5
% H3S composition:

LFLix =

100
% Ci/LFL; (4)

(Analogous for UFL). By Eqg. 4 the following values are
obtained:

o LFLmix=0.049

e UFLmix=0.17
First of all, to understand the spatial distribution of the
pollutant is fundamental to analyze the velocity flow
field. From a qualitative point of view, the velocity field
obtained at the release height plane is shown in Fig. 6.

ANSYS

R18.2
Academic

Figure 6: Velocity field in the production deck

The velocity streamlines follow the wind direction near
the inlet boundaries bl and b2, therefore the wind
velocity seems to be well reproduced in the deck. The
flow becomes quite complex as it interacts with the
objects: separation flows appear and secondary vortices
are generated. The velocity field analysis is very
important because it allows understanding how the
pollutants are transported in the domain.

For the purposes of a QRA, it is important to study the
flammable and toxic concentration maps. The first one is
relevant for people safety and the integrity of the
equipment because the ignition of the flammable cloud
can lead to a flash fire and a domino effect that involve
the equipment integrity. Meanwhile, in the second one,
the workers should be subjected to a risk for their health
or life.

In Fig. 7 the flammable region, i.e. the region in which
the mixture concentration is between LFLyix and UFLmi,
is shown in red, while in Fig. 8 the toxic regions with H,S
concentration higher than IDLH and LCsp are shown

respectively in red and yellow on the same section plane

of the velocity field.
ANSYS

R18.2
Academic

Figure 7: Flammable area

ANSYS
R182
Academic

~

Figure 8: IDHL (red) and LCs, (yellow) regions

The flammable area appears as a plume with extension of
~7 m that is slightly deviated by the wind: the velocity of
the jet is such that the wind is not affecting too much the
plume shape in the first 10 m. The ignition of the mixture
can cause an explosion or a fire involving a bigger area
of the platform, causing also a possible domino effect
depending on the type of components involved in the fire.
The toxic area covers a large part of the platform and it is
evident that the shape is highly influenced by the wind
direction: it can be deduced that the wind condition is a
crucial parameter in the assessment of the dangerous
areas, and it is the main driver of the pollutant cloud
diffusion. It is possible to define the toxic hazardous area
and to apply risk control measures for workers. From the
comparison of the flammable and toxic areas it can be
appreciated that the toxicity is the most dangerous aspect
to consider in a release of sour gas to protect the worker
health, without considering a possible domino effect due
to the flammability. The previous considerations are
referred only to a plane section of the platform and it is
interesting to see that also the 3D results confirm this
trend. In Fig. 9 the flammable cloud is shown, while in
Fig. 10 the toxic cloud (IDLH) is shown.
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Figure 9: 3D flammable cloud

ANSYS
R18.2
Academic

A

Figure 10: 3D toxic cloud (concentration > IDLH)

The two volumes configurations confirm the
considerations made for the 2D results: the toxic cloud
involves a larger number of components with respect to
the flammable one and it seems to be the most impacting
factor on the safety of the system. In addition, the
quantities reported in Table 3 give a numerical measure
of these differences: it can be noticed that the toxic
volume is more than 10 times larger than the flammable
one.

Table 3: mass and volume of flammable and toxic cloud

Flammable cloud volume

[me] ~26
Flammable cloud mass

~29
[ka]
Toxic cl I

o;uccoud volume 328

[m’]
Toxic cloud mass

~369
[ka]

A final important comment must be made about the
simulations time of the SB and dispersion. Both
simulations are carried out on the same machine that is a
Dell Tower 7810 using the same number of cores (8 cores
and 64Gb RAM). The SB simulation takes almost 24 h
while the dispersion one takes ~3 h. The big difference in
the simulation time can be explained considering that, in
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the dispersion phase, the phenomena to be simulated are
very simple and no complex fluid dynamic structure
appears. On the other hand, the complexity of the fluid-
dynamic structures characterizing the release makes the
SB simulation heavier.

CONCLUSION

In this work, a pressurized sour gas (CH4-H2S mixture)
release simulation is performed using ANSYS Fluent
software.

The SBAM approach provides reliable results for a
pressurized flammable and toxic gas mixture leakage
accidental scenario. Firstly, the physical consistency of
the under-expanded jet is analyzed by comparing the
CFD results with the corresponding theoretical
references. The comparison shows a good accordance
between numerical results and theoretical predictions and
it is possible to see the presence of the Mach cell and its
correct location as predicted by theory. Secondly, it is
possible to see that the velocity field in the entire
platform is strongly influenced by the presence of the
wind and separation flows appear near the obstacles.
The second phase of the proposed approach is the most
relevant for the risk assessment procedure; in fact, it
allows defining the damage areas of the accidental
scenario:

e a flammable area, where the CHs-H>S mixture
is inside the flammable range. In this area, it is
fundamental to avoid the interaction between
the gas mixture and hot surfaces, flames or
sparks to prevent the ignition of the gas cloud
and the damage for people and the environment.

e a toxic area, where the H,S concentration is
higher than IDLH. The presence of H.S means
a threat for workers: for this reason, safety
equipment needs to be adequate to protect
workers from the hazards of H.S.

One of the main outcomes of the work is that the splitting
of the phenomenon can reduce dramatically the
computational time, since the SB simulation results can
be used for several dispersion simulations in which the
release position and direction change. In fact, the
dispersion simulation time is very low (~3 h) compared
to the more complex release one (~24 h). This result can
lead to a new approach in QRA, in which several
accidental scenarios can be simulated via CFD in a
reasonable time.

Finally, a future step deals with the validation. CFD
models usually require an experimental validation: for
this reason, an experimental campaign is in progress in
order to validate the SBAM approach in a novel wind
tunnel located in Turin, the SEASTAR wind tunnel,
which is presently being calibrated. The experiments
using a 1:10 scaled offshore platform mockup can
provide significant results for SBAM validation
(Moscatello et al., 2020).
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