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a b s t r a c t

This paper presents a comprehensive simulation and assessment of gas dispersion above sea from a
subsea release using a Computational Fluid Dynamics (CFD) approach. A 3D CFD model is established to
evaluate the behavior of flammable gas above sea, and a jack-up drilling platform is included to illustrate
the effect of flammable gas cloud on surface vessels. The simulations include a matrix of scenarios for
different surface release rates, distances between surface gas pool and offshore platform, and wind
speeds. Based on the established model, the development process of flammable gas cloud above sea is
predicted, and the dangerous area generated on offshore platform is assessed. Additionally, the effect of
some critical factors on flammable gas dispersion behavior is analyzed. The simulations produce some
useful outputs including the detailed parameters of flammable gas cloud and the dangerous area on
offshore platform, which are expected to give an educational reference for conducting a prior risk
assessment and contingency planning.
© 2018 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Accidental subsea gas release such as subsea pipelines leak or
subsea blowout has an adverse impact on the operation safety of
surface vessels, integrity of assets and safety of third parties (Olsen
and Skjetne, 2016a; Skjetne and Olsen, 2012). Especially, cata-
strophic fire and explosion accident may be induced when gas
disperses into the atmosphere (Li et al., 2016). Experiments on
flammable gas dispersion in such scenario are not an economic and
safe approach, whereas use of numerical modeling is an alternative
method to predict the behavior of gas above sea from an accidental
subsea release. Providing the detailed results of accident scenario,
and the ability to investigate different parameters are the advan-
tages of CFD simulation. Therefore, performing a comprehensive
simulation and assessment for gas dispersion above sea from
subsea release is necessary, which is useful for safety applications
such as risk decision and emergency response planning (Wilkening
and Baraldi, 2007; Pontiggia et al., 2009).

In the past years, considerable efforts were made on the gas
plume from a subsea gas release, whereas the studies about the

dispersion behavior of gas after breaking throughwater surface and
moving in the atmosphere can be found sporadically in literature.
Several computer models were developed to simulate underwater
gas plume in the past years. Yapa et al. (2010) proposed an integral
model to simulate transport and fate of gas or hydrates released in
the ocean. Similar models can be found in other works (Yapa et al.,
2012; Takagi et al., 2012; Premathilake et al., 2016; Wimalaratne
et al., 2015). Recently, some CFD models were reported and tested
well for underwater gas plume (Cloete et al., 2009; Olsen and
Skjetne, 2016b; Olsen et al., 2017). In the above-mentioned re-
searches, the mechanism of underwater gas dispersion has been
addressed well, which could give a basis for the research of gas
dispersion above sea.

Huser et al. (2015) performed a preliminary research on gas
dispersion above sea from subsea release, and some simplified
look-up tables for ranges of flammable gas clouds in different
scenarios were presented, which can be applied to quickly estimate
hazard distances. However, the detailed development of flammable
gas cloud and the corresponding safety issues such as the impact on
surface vessels were not mentioned. These information about gas
dispersion in such a scenario is important for the inherent safety
design and emergency response planning. Li et al. (2018) carried
out a systematic simulation for flammable gas dispersion and
deflagration above sea from a subsea gas release, in which a
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comprehensive evolution process of flammable gas dispersion
above sea is presented. This study would make an extension to
analyze the effect of some important factors on gas dispersion
behavior.

CFD is increasingly being applied in modeling of industrial ac-
cidents such as gas release, dispersion, fire or explosion. Zhu and
Chen (2010) carried out a simulation and assessment for the SO2
toxic environment after ignition of uncontrolled sour gas flow of
well blowout in hills using an integrated CFD model. Zhang and
Chen (2010) employed CFD model to simulate toxic gas release
and dispersion in a gas gathering station, and the real-time con-
centration field of toxic gas was obtained. Dadashzadeh et al. (2016)
utilized CFD to evaluate the dispersion behavior of hydrogen gas
after a release from a hydrogen fuel cell car in an enclosed area.
Baalisampang et al. (2017) modeled a fire event in an FLNG facility
to conduct a safety assessment. Bagheri et al. (2016) simulated the
sour gas dispersion after release from transport pipelines. These
studies demonstrate that CFD method has the advantages in
dealing with gas release and dispersion problems, and can provide
complete information of a certain accident.

Several sophisticated CFD codes have been developed and can
be used for modeling gas dispersion. Fluent was commonly used
in previous studies to conduct dispersionmodeling of gas released
in various scenarios, especially in oil and gas industries. Many
studies contributed to illustrate the applicability and validation of
Fluent in gas dispersion field. Savvides et al. (2001) utilized CFD
software Fluent to model the gas dispersion in offshore module
used in the experimental measurement of gas buildup as part of
the Joint Industry Project (JIP) “Gas Buildup From High Pressure
Natural Gas Releases in Naturally Ventilated Offshore Modules”, in
which the results of Fluent simulations are compared with the
experimental data. The validation indicated that Fluent can pre-
dict with good accuracy for gas dispersion and accumulation from
a release in an offshore module. In particular, the predicted gas
volume as defined by the LFL concentration agrees well with the
measured data. Chan et al. (2002) validated the CFD model for
fluid flow development and pollutant dispersion within an iso-
lated street canyon using an extensive experimental database
obtained from the atmospheric boundary layer wind tunnel.
Visser et al. (2012) validated a Fluent CFD model for hydrogen
distribution in a containment using the THAI HM-2 test. These
studies indicate that Fluent is a reliable tool for safety analysis of
gas dispersion, and use of a validated CFD code Fluent is capable of
giving a convincing result.

The objective of this paper is to present a comprehensive
simulation and assessment for gas dispersion above sea from a
subsea release. The accident scenario simulations are performed
using a 3D CFD model. Flammable gas dispersion behavior above
sea due to a subsea release and the corresponding impact on
offshore platform are studied for different scenarios, including
different surface release rates, distances between surface gas pool
and offshore platform, as well as wind speeds. The distribution of
flammable gas cloud is predicted, and the dangerous area gener-
ated on offshore platform is assessed.

The rest of this paper is organized as follows: Section 2 shows
the theoretical model for gas dispersion, while Section 3 gives
simulation modeling procedures and calculation method; Section 4
presents a detailed analysis of simulation results; Section 5 gen-
eralizes the conclusions of this paper.

2. Theoretical model

Gas dispersion process meets mass, momentum and energy
conversations, and the corresponding governing equations of these
conversations are shown as follows (Liu et al., 2015):
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where r is density of mixing gas, kg/m3; t is time, s; V is the velocity
vector after Reynolds average, m/s; p is static pressure, Pa; g is
gravity force, m/s2; h is enthalpy of mixing gas, J/kg; t represents
viscous stress tensor, Pa; m is turbulence molecular viscosity, Pa$s;
mt is turbulence viscosity, Pa$s; s is turbulent Prandtl number; st is
turbulent Schmidt number.

Natural gas is mixed gas that consists of different components.
The dispersion of natural gas also yields to the mass conservation of
each component, and its governing equation is shown as Eq. (4)
(Fluent, 2011).
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where Yi is the mass fraction of component i;
Gas dispersion process is a kind of unsteady turbulent motion. A

proper turbulence model is required to describe the turbulence
generated during gas dispersion and make the basic governing
equations close (Liu et al., 2015). Several turbulence models were
studied by comparing the simulation results with experiments
(Tauseef et al., 2011), indicating that the realizable k-ε model had
better prediction accuracy compared to other RANS turbulence
models. Therefore, the realizable k-εmodel is adopted in this study
to predict the behavior of flammable gas above sea. The transport
equations of the realizable k-εmodel are shown as follows (Li et al.,
2017; Fluent, 2011):
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where k is turbulent kinetic energy, J/kg; ε is dissipation rate of
turbulent kinetic energy, m2/s3; sk and sε are turbulent Prandtl
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numbers for k and ε, which were taken as 1.0 and 1.2, respectively.
ui and uj are the velocity components in xi and xj of axis, respec-
tively, m/s; Gk represents the generation of turbulence kinetic en-
ergy due to mean velocity gradients, J/kg; Gb is the generation of
turbulence kinetic energy due to buoyancy, J/kg; YM represents the
contribution of fluctuating dilatation in compressible turbulence to
overall dissipation rate, C2 and C1ε are constants, which are taken as
1.9 and 1.44, respectively. C3ε is the impact of buoyancy on turbu-
lent dissipation rate, h is the time scale ratio of turbulence on
average strain, S is tensor coefficient of average strain rate, Sij is
average strain rate, Sk and Sε are user-defined source terms, kg/
(m3$s).

3. CFD calculation

3.1. Mesh generation

When underwater gas plume reaches sea surface and disperses
into the atmosphere, a circular gas pool will be generated on sea
surface. Then gas is released from gas pool continuously and dis-
perses above sea. In this paper, the simulations are conducted by a
3D mesh model shown in Fig. 1, which is established based on ac-
cident scenarios. The geometrical size of computational domain is
420m� 260m� 200m, and enough size is used to reduce the ef-
fect of boundaries on gas dispersion (Wei and Chen, 2014). Meshing
technology of dividing blocks is employed to generate the grids
model used for simulations (Li et al., 2017). The computational
domain is divided into several blocks, as shown in Fig. 1. The central
zone that includes offshore platform ismeshedwith the tetrahedral
grids due to the irregular shape of offshore platform, and a size
function is used to refine the grids in this zone. Since outside spaces
are the regular hexahedrons, and these zones are meshed with
hexahedral grids. Themesh generation is performed by GAMBIT 2.3
mesh-generator, and the unstructured hybrid grids in computa-
tional domain generated by above method are shown in Fig. 1.

The grid independence test aims to minimize the effect of gird
density on results. The general practice is to perform the simula-
tions on a set of grids with different numbers. The simulations are
performed initially using the grid with the smaller number, then
reducing the grid size and increase their number. A total of three
kinds of girds with different numbers (3� 106, 4� 106 and 5� 106)
are used for simulations. The length, height, coverage area and
volume of flammable gas cloud predicted by these girds are

obtained and compared. The difference of results between the
meshmodels with gird number of 3� 106 and 4� 106 is about 1.2%,
whereas the difference of results between the mesh models with
gird number of 3� 106 and 5� 106 is about 1.3%. Overall, the results
from three grids are consistent, which indicates that the pre-
dictions are grid independent. At last, the number of grid cells used
in the calculation is 3319456.

The jack-up drilling platform used for accident scenarios
modeling is shown in Fig. 2, which is a simplified model. The main
structures and modules of offshore platform are follows: (1) crane,
(2) lifting frame, (3) rig, (4) drill floor, (5) living building, (6)
cantilever beam, (7) deck channel, (8) barite tank, (9) ash tank, (10)
main deck, (11) helicopter platform, (12) control room of power
system.

The concerns of this paper include two aspects: one is the gas
dispersion behavior above sea resulting from a subsea release, and
the other is the impact of flammable gas cloud on surface vessels.
An offshore platform model is used as a specific case. The gas
dispersion above sea induced by subsea release is different from the
dispersion on offshore platform caused by leakage of process
modules. The former has the greater influencing area, in which the
flammable gas cloud distributes above sea and is possible to cover
the whole vessels on sea surface, while the flammable gas cloud in

Fig. 1. Mesh generation.

Fig. 2. Jack-up drilling platform.
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the latter scenario mainly distributes in the partial area of offshore
platform, in which the topside modules of offshore platform have a
direct on the distribution of flammable gas cloud. This study fo-
cuses on the total impact of flammable gas cloud on offshore
platform, and the detailed structure has a negligible effect on re-
sults. As a result, the offshore platform with a simplified geometry
is enough to illustrate the safety impact of flammable gas cloud.

3.2. Boundary conditions

Definition of boundary conditions is a critical step in the
implementation of simulations. All boundaries are divided into
wind inlet, up plane, side plane, wind outlet, gas pool and offshore
platform, as shown in Fig. 3. Wind inlet is set as velocity inlet
boundary, and wind velocity is depicted by Eq. (11) (Liu et al., 2015).
Wind outlet is treated as outflow boundary. Up and side planes are
set as the zero flux planes. The surface of offshore platform is set as
no-slip wall. The surface gas pool is defined as the velocity inlet
boundary, and the surface roughness of gas pool is not considered.
It is assumed that the gas flux in the surface gas pool is constant.
The size of surface gas pool depends on the actual scenario, and a
simulation of underwater gas plume is usually required.

uz ¼ u10
	 z
10


0:091
(11)

where uz is the wind speed at height of zm above sea surface, u10 is
the wind speed at height of 10m above sea.

3.3. Solution method

Finite volume method is employed to conduct a second order
discrete of governing equations. An unsteady pressure-based solver
is used to simulate gas release and dispersion above sea, and
SIMPLE algorithm is adopted for the pressure and velocity coupling
schemes (Liu et al., 2015).

Accident scenario simulation is divided into two steps. Firstly,
wind flow in computational domain is simulated to obtain the
steady wind field. Then, velocity inlet boundary for surface gas pool
is activated to simulate the gas dispersion under wind field.

3.4. Example scenarios

A clear description of accident scenario is shown in Fig. 3.
When a subsea gas release happens, an underwater gas plume
from the seafloor to free surface is generated. A surface gas pool is
formed when the underwater gas plume reaches sea surface and
disperses into the atmosphere. This paper focuses on the gas
dispersion behavior when gas is released into the atmosphere
from surface gas pool. A subsea gas release incident induced by
accidental leakage of subsea pipelines is used to illustrate the
dispersion behavior of gas above sea, a circular gas pool with the
radius of 34m is generated on sea surface. To explore the effect of
different parameters, all three factors including surface gas
release rate, distance between gas pool and offshore platform, as
well as wind speed are considered in this paper. Control variable
method is employed to investigate the effect of a single factor on
gas dispersion. Three values are chosen for a factor, which is
enough to demonstrate its impact on gas dispersion. Seven sce-
narios are simulated in this study, and the details of all example
scenarios are presented in Table 1.

4. Results and discussions

4.1. Standard case

Scenario 2 is adopted as the standard case, and the results of
other scenarios are compared against case 2 to examine the effect
of aforementioned factors. The combustible concentration range of
natural gas is within 5%e15%, and this paper utilizes the 5% con-
centration isosurface to analyze and discuss the dispersion range of
flammable gas. In terms of the gas dispersion above sea, five
important parameters including length, height, coverage area and
volume of flammable gas cloud, as well as dangerous area gener-
ated on offshore platform are analyzed and discussed. The length
and height refer to the geometric size of flammable gas cloud in
longitudinal and vertical direction, respectively. The coverage area
is the projected area of flammable gas cloud on sea surface. The
volume of flammable gas cloud refers to the volume of 5% con-
centration isosurface of flammable gas cloud. The area on offshore
platform with the gas concentration within flammability limits is
defined as the dangerous area.

Fig. 4 presents the flammable gas cloud of steady state in the
standard case. Flammable gas disperses along downwind direc-
tion under wind, and a cylindric flammable gas cloud that dis-
tributes above offshore platform along downwind direction is
generated. Fig. 5 presents the dangerous area generated on
offshore platform, which shows that the dangerous area on
offshore platform distributes around drill floor in the standard

Fig. 3. Illustration of boundary conditions.

Table 1
Scenarios used for simulations.

Scenario. No Surface gas release rate (kg/s) Distance between gas pool and platform (m) Wind speed (m/s)

1 260 30 4.5
2 390 30 4.5
3 520 30 4.5
4 390 50 4.5
5 390 70 4.5
6 390 30 1.5
7 390 30 10
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case. Drill floor is a job-intensive place, and some potential igni-
tion sources may exist here. The deflagration accident may be
induced due to accidental ignition of flammable gas cloud.
Furthermore, the calculation results presented in Figs. 4 and 5
furtherly demonstrate the plausibility of use of a simplified
offshore platform model.

Fig. 6 presents the spatial range variation of flammable gas cloud
in the standard case. It can be seen that the length and the height of
flammable gas cloud increase with time and then decrease to the
steady values. The maximum length and height of flammable gas
cloud in the standard case are 322m and 103m, respectively, while
the steady values of them are 260m and 90m, respectively.
Coverage area and volume of flammable gas cloud also increase
with time and then decrease to the steady values. The maximum
coverage area and volume of flammable gas cloud are 16386m2 and
45676m3, respectively, while the steady values of them are
12721m2 and 44139m3, respectively.

4.2. Effect of surface gas release rate

The surface gas release rate has an important effect on the
behavior of flammable gas dispersion. Fig. 7 presents the flam-
mable gas clouds under different surface gas release rates. The
shapes of flammable gas clouds under different gas release rates are
similar, which all distribute above the offshore platform. Choosing
rig as a reference object, it is easy to find that height of flammable
gas cloud increases with surface gas release rate increasing. The
whole rig is nearly covered by the flammable gas cloud under the
surface gas release rate of 520 kg/s.

Fig. 8 depicts the spatial range variation of flammable gas clouds
under different gas release rates. All parameters of flammable gas
clouds with different release rates share the similar variation trend.
With the continuous release of surface gas, the length and height of
flammable gas cloud increase over time and then decreases to the
steady values, and about 80 s is required for rising to maximum

Fig. 4. Flammable gas cloud above sea in the standard case.

Fig. 5. Dangerous area distribution in the standard case.
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values. The flammable gas cloud with greater length and height is
generated under the scenario with the greater gas release rate. For
the different scenarios, length and height of flammable gas clouds
increase with the increase of surface gas release rate. For the sce-
narios with gas release rates of 260 kg/s, 390 kg/s, and 520 kg/s, the
maximum lengths of flammable gas cloud are 274m, 322m and
344m, respectively, while the steady values of them are 235m,
255m and 286m, respectively. The maximum heights of flam-
mable gas cloud are 79.6m, 103.4m and 123m, respectively, while
the steady values of them are 75m, 89m and 93m, respectively.

The volume of flammable gas cloud also increases over time, but
it reaches the steady values nearly not having any drop. The more
gas is released from the surface gas pool under the greater release
rate, generating the greater coverage area and volume. The time
required for reaching maximum coverage area ranges from 70 s to
80 s, while the times needed for reaching maximum volume in
different scenarios range from 80 s to 95 s. For the scenarios with
gas release rates of 260 kg/s, 390 kg/s, and 520 kg/s, the maximum
values of coverage area are 14343m2, 16386m2 and 18124m2,
respectively, while the steady values of coverage area are 11451m2,
12394m2 and 15315m2. The maximum values of volume are
36506m3, 45676m3 and 52781m3, respectively. Note that a little
difference exists between maximum and steady values of volumes
in the different scenarios.

Flammable gas cloud in the steady state distributes above
offshore platform. Therefore, the concentration of flammable gas in
the area covered by the flammable gas cloud is within the

flammability limits, and such an area is known as the dangerous
area. Fig. 9 presents the dangerous area distributions under
different gas release rates. As presented in Figs. 5 and 7, the
dangerous areas in all scenarios distribute around rig and drill floor.
However, some differences can still be found. By comparison, we
can find that the dangerous area size decreases with the surface gas
release rate increasing. In the scenario with gas release rate of
260 kg/s, the dangerous area covers drill floor, rig, cantilever beam
and partial main deck. In the scenario with gas release rate of
390 kg/s, main deck is not included in the dangerous area. In the
scenario with gas release rate of 520 kg/s, only drill floor is covered
by the dangerous area.

4.3. Effect of distance between gas pool and offshore platform

Due to the uncertainty of accident scenario, various relative
locations of gas pool and offshore platformmay appear in the actual
scenarios. It is necessary to study the effect of distance between
surface gas pool and offshore platform on gas dispersion. The
flammable gas clouds under different distances between gas pool
and offshore platform are shown in Fig. 10. The distance between
gas pool and offshore platform has a little effect on the shape of
flammable gas cloud. As seen in Fig. 10, it seems that the relative
location of gas pool and offshore platform has an effect on the
coverage range of flammable gas cloud on offshore platform. The
greater distance in the vertical direction between flammable gas
cloud and offshore platform is formed in the scenario with the

Fig. 6. Spatial range variation of flammable gas cloud in the standard case.

Fig. 7. Flammable gas clouds under different surface gas release rates.
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smaller distance between gas pool and offshore platform.
Fig. 11 depicts the spatial range variation of flammable gas

clouds under different distances between gas pool and offshore
platform. We can find that all parameters of flammable gas cloud
increase to the maximum values and then decrease to the steady
values. For the scenarios with distances of 30m, 50m, and 70m,
the time required for reaching maximum values of length and
height ranges from 80 s to 90 s. The maximum values of flammable
gas cloud length are 322m, 341m, and 351m, respectively, while
the steady values of them are 251m, 269m, and 277m, respec-
tively. The maximum values of flammable gas cloud height are
103m, 125.6m, and 125.8m, respectively, while the steady values

of them are 89m, 77.52m, and 66m, respectively. Note that the
steady value of flammable gas cloud height increases with the
decrease of the distance between gas pool and offshore platform,
and this is due to the obstruction of offshore platform on flammable
gas cloud.

The variation process of coverage and volume of flammable gas
clouds under different distances between gas pool and offshore
platform is similar. The difference in Fig. 11 is mainly caused by the
obstruction and the reflection of offshore platform on flammable
gas cloud. For the scenarios with distances of 30m, 50m, and 70m,
the time needed for reaching maximum values of coverage area
ranges from 66 s to 70 s. The maximum values of coverage areas in

Fig. 8. Spatial range variation of flammable gas clouds under different surface gas release rates.

Fig. 9. Dangerous area distributions under different surface gas release rates.
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the different scenarios are 16385m2, 15813m2 and 15286m2,
respectively, while the steady values of them are 12394m2,
13546m2 and 13984m2, respectively. Note that the steady value of
coverage area increase with the increase of distance between gas
pool and offshore platform. The time needed for reaching the
maximumvalues of volume ranges from 86 s to 90 s. The maximum
values of volume are 45676m3, 50523m3 and 54049m3, respec-
tively, while the steady values of them are 44218m3, 44109m3 and
48129m3, respectively. A slight difference exists in the steady
values of flammable gas cloud volume in the different scenarios.

Fig. 12 presents the dangerous area distributions under different

distances between surface gas pool and offshore platform. By
comparison, a significant difference can be found in the dangerous
area generated by flammable gas clouds under different distances
between gas pool and platform. In the standard case, the dangerous
area distributes around drill floor. However, the dangerous area is
behind drill floor and rig in the scenario with distance of 50m, in
which the whole offshore platform can be considered to be in a safe
state. In the scenario with the distance of 70m, the small area in-
side the drill floor is covered by the dangerous area, as shown in
Fig. 12(b). Overall, the size of dangerous area decreases with the
increase of distance between gas pool and offshore platform.

Fig. 10. Flammable gas clouds under different distances between gas pool and offshore platform.

Fig. 11. Spatial range variation of flammable gas clouds under different distances between gas pool and offshore platform.
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4.4. Effect of wind speed

Fig. 13 presents the flammable gas clouds under different wind
speeds. Judging from the pictures, it could be seen that wind
speed has a significant effect on the spatial distribution of flam-
mable gas cloud. The dispersion process of flammable gas in the
atmosphere is dominated by the joint action of buoyant force and
wind. Buoyant force is a main driving force for the gas dispersion
under small wind speed, while wind is a main driving force for gas
dispersion under great wind speed. In the scenario with the wind
speed of 1.5m/s, flammable gas mainly disperses along the ver-
tical direction, in which offshore platform is not covered by the
flammable gas cloud. Therefore, the flammable gas cloud gener-
ated in this scenario cannot pose a threat on offshore platform. For
the scenarios with the greater wind speed, the flammable gas
cloud moves on offshore platform and covers drill floor and
cantilever beam. As seen in Fig. 13(b), flammable gas mainly dis-
persers along downwind under the action of strong wind, and
nearly covers the whole offshore platform, which poses a severe
threat on offshore platform.

Fig. 14 shows the spatial range variation of flammable gas
clouds under different wind speeds. A significant difference can be
found in the variation process of each parameter of flammable gas
clouds with different wind speeds. The length of flammable gas
cloud under wind speed of 10m/s increases over time and then
reaches a steady value. The maximum length of flammable gas

cloud in this scenario is 377m. In the scenario with the wind
speed of 4.5 m/s, the gas cloud length rises to the maximum value
and then decreases to a steady value with time. In the scenario
with wind speed of 1.5m/s, the gas cloud length increases slowly
with time. Overall, the length of flammable gas cloud increases
with wind speed increasing. The height of flammable gas cloud
increases with time and then reaches a steady value in the sce-
narios with wind speeds of 1.5 m/s and 4.5m/s. In the scenario
with wind speed of 10m/s, the gas cloud height rises to a steady
value directly. From Fig. 14(b), we could draw a conclusion that the
height of flammable gas cloud increases with surrounding wind
speed decreasing.

The variation process of coverage area of flammable gas clouds
is similar to the variation of flammable gas cloud length. The size of
coverage area mainly depends on the length of flammable gas
cloud, and the greater gas cloud length is generated under the
greater wind speed. Therefore, the size of coverage area also in-
creases with wind speed increasing. A significant difference exists
in the volume of flammable gas clouds under different wind speeds.
In the scenario with wind speeds of 4.5m/s and 10m/s, the volume
of flammable gas cloud increases over time, and then reaches a
steady value. While in the scenario with the wind speed of 1.5m/s,
the volume of flammable gas cloud increases continuously, the
reason is that the smaller wind speed cannot dissipate flammable
gas timely. Therefore, flammable gas cloud under the smaller wind
speed has the greater volume.

Fig. 12. Dangerous area distributions under different distances between gas pool and offshore platform.

Fig. 13. Flammable gas clouds under different wind speeds.
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Fig. 15 shows the dangerous area distributions under different
wind speeds. In the scenario with the wind speed of 1.5m/s, the
flammable gas cloud does not move on offshore platform, and the
dangerous area in this scenario is far behind the drill floor. In the
scenario with the wind speed of 4.5m/s, the dangerous area covers
the drill floor and cantilever beam. In the scenario with the wind
speed of 10m/s, the dangerous area distributes on the sides of
cantilever beam and behind living building. It is apparent that wind
speed has a significant effect on dangerous area distribution. Due to
the continuous drilling operation, the flammable gas cloud on
offshore platform may be ignited. Thus, more attention is required
to be paid on the dangerous area around the drill floor.

5. Summary and conclusions

This paper presents a comprehensive simulation and assess-
ment of gas dispersion above sea from accidental subsea release. A
3D CFD model is established to simulate the dispersion behavior of
gas above sea surface, and an offshore platform is included in the
model to illustrate the impact of flammable gas on surface vessels.
The gas dispersion behavior and the dangerous area generated on
offshore platform are studied for a matrix of scenarios, including
different surface gas release rates, distances between gas pool and
offshore platform, as well as wind speeds. The results from the
simulations can be used to evaluate the risk involved in a subsea gas

Fig. 14. Spatial range variation of flammable gas clouds under different wind speeds.

Fig. 15. Dangerous area distributions under different wind speeds.
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release accident.
Dispersion of gas above sea is driven by the combined action of

buoyant force and wind. The flammable gas cloud with certain
length and height is formed, which distributes above sea and
generates dangerous area on offshore platform. Key parameters of
flammable gas cloud have the similar variation process, which in-
crease to maximum values with time and then decrease to the
steady values. The gas release rate, distance between gas pool and
offshore platform, as well as wind speed have the apparent effect
on the spatial distribution of flammable gas cloud. By comparison,
wind speed is found to be the most critical influence factor, and a
significant difference exists in flammable gas clouds under different
wind speeds. The dangerous area generated under medium wind
speed distributes around drill floor. For the safety concern, the
combustible gas detector and the water spray are recommended in
an emergency situation.

The emphasis of this paper is to illustrate the gas dispersion
behavior above sea from a subsea release and the corresponding
impact on offshore platform. A CFD-based approach is used to
conduct such an analysis. Modeling and assessment of gas disper-
sion above sea from a subsea release are useful for the safety ap-
plications such as risk assessment and emergency response
planning. Furthermore, the modeling presented in this paper can
also provide an educational reference for the study of other similar
industrial accident scenarios.
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