CHARM® Analysis of an LNG Vapor Cloud Explosion
Most regulatory air impact modeling is designed to determine concentrations from a release.
Such an analysis normally consists of using an air dispersion model with a given emission rate.
A step up in complexity is the use of an air model that contains calculations to estimate the
source term (emission rate, temperature, vapor/liquid makeup, etc.) as well the air dispersion.
Simulating impacts from vapor cloud explosions adds another layer of complexity to the
problem. The cloud in the atmosphere must be exploded to determine the resulting
overpressures.
The simplest approach to handling impacts from a vapor cloud explosion is to estimate the
impacts by exploding all the available flammable material at the release site instantaneously.
However, this approach ignores the duration of a release, the dispersion of the cloud that forms,
and the transport of released material due to the wind or exit speed.
The CHARM software can provide a complete analysis for determining the impacts due to a
vapor cloud explosion. The model can estimate the source term from vapor or liquid releases. It
then uses that source term to emit material into the atmosphere where it is dispersed and
transported. Finally, CHARM can use the air concentrations at any time in the release to
calculate the overpressure impacts from the cloud exploding. It also has the capability to show
the maximum area impacted if the explosion occurred at any time while the cloud is in the
atmosphere.
An example release was simulated using CHARM software to show some of the output and
descriptions available from the program. In this example a Liquefied Natural Gas (LNG)
container ship is assumed to lose its cargo in the sea near Galveston, Texas while in transit to the
Houston ship channel. The ship is carrying 16,000 metric tons of cryogenically stored LNG. The
LNG was modeled as pure methane. A 10 m2 hole is assumed to be formed due to a collision or
some other catastrophic cause. The liquid LNG is allowed to spill on the sea surface and spread.
The pool evaporates into the air and a cloud is formed.
When a vapor cloud explosion is simulated in CHARM the amount of mass in concentrations
greater than the Lower Flammable Limit (LFL) is allowed to explode. If all concentrations are
below the LFL, then no explosion would occur. The LFL for methane is 5% (50,000 ppm). If
concentrations are above the Upper Flammable Limit (UFL), then an explosion cannot be
initiated but can be involved if initiation is in another portion of the plume. The UFL for methan
is 15% (150,000 ppm).
The meteorology assumes a reasonable set of parameters for Galveston (90 °F, 90% humidity, D
class stability) with a southeast wind of 10 mph.

The simulation was run for the 20 minutes after the release began. By that time the maximum
impact distances had been reached. Figures displaying air concentrations and overpressure
footprints were generated. All plots, except for the 3D graphics, are for impacts at ground level.
Figure 1depicts the instantaneous air concentration plume at 50,000 and 150,000 ppm at 20
minutes into the release. The liquid pool of LNG can be partially seen behind the plume. The
depth of the LNG pool is represented by the pool color. The darkest blue is the deepest portion.
There is a color gradient from the darkest blue to white, which represents the shallowest portion.
In this figure the deepest part of the pool is 0.35 feet.
Figure 2 is the same as Figure 1except that the air concentration plot is transparent so that the
pool on the water is more visible.
Figure 3 depicts all areas impacted by the given air concentrations throughout the first 20
minutes of the release. It represents the maximum concentrations present at any point during
those first 20 minutes.
Figure 4 is for the same conditions as Figure 3 except it is depicting the plume in 3D. Note that
as the plume warms up the LFL of the methane lifts above the surface.
The footprint of the maximum overpressure impacts that would be expected if the explosion
occurred at any time during the first 20 minutes is shown in Figure 5. To determine this footprint
the cloud is exploded each minute of the simulation and only the maximum impacts are plotted.
The overpressures (in psi) plotted are:
0.15
1
2

Typical pressure for glass failure
Partial Demolition of houses; made
uninhabitable
Partial collapse of walls and roofs of houses

Note that even though the LFL does not reach shore the overpressure impact reaches well
onshore.
Figure 6 is the same as Figure 5 except that the footprint is transparent so that shore features can
be seen.
Figure 7 is the same as Figure 5 except that it is in 3D rather than 2D. The LNG pool extent at 20
minutes into the release is also visible.

Figure 8 is a graphic presenting the ground level overpressure history at a point onshore at 2400
feet and 210° from the source. The maximum overpressure at that point is 0.406 psi. An
overpressure of 0.4 psi could result in limited minor structural damage.

Figure 1. Instantaneous concentration plume 20 minutes into release. LNG pool is partially visible.

Figure 2. Transparent concentration plume to show LNG pool. Darkest blue is deepest part of pool. White is shallow.

Figure 3. Concentration footprint through the first 20 minutes of release.

LNGrelease from ship
Species:
Methane
Met:Galveston
3D Display
Integrated Plume
Time: 00:20
Max Liq Depth: 0.35 ft
Con (ppm): 5e+004
Con (ppm): 1.5e+005
Con (µg/m³): 3.2e+007
Con (µg/m³): 9.6e+007
Observer Location
X(E-W): 2940 ft
Y(N-S): 3237 ft
Z(Alt): 41 ft
Az : 242.2
El : -2.903
Observer Motion
Speed : 0.0 mph
Az : 242.2
El : -2.903
Observed Location
X(E-W): -1.95 mi
Y(N-S): -3747 ft
Z(Alt): 0 ft
X(E-W) Min: -3095 ft
X(E-W) Max: 1357 ft
Y(N-S) Min: -1048 ft
Y(N-S) Max: 3191 ft
Z(Alt) Min: 0 ft
Z(Alt) Max: 60 ft

Figure 4. 3D concentration footprint through first 20 minutes of release. Pool at 20 minutes is also visible.

Figure 5. Overpressure footprint through first 20 minutes of release.

Figure 6. Transparent overpressure footprint through first 20 minutes of release. Impacted land area can be seen.

LNGrelease from ship
Species:
Methane
Met:Galveston
3D Display
Integrated Plume
Vapor Cloud Explosion
Time: 00:20
Max Liq Depth: 0.35 ft
Pres (psi): 0.15
Pres (psi):
1
Pres (psi):
2
Pres (bar): 0.0103
Pres (bar): 0.0689
Pres (bar): 0.138
Flame Spd(M): 0.109
Cell Dx: 100 m
Cell Dy: 100 m
Cell Dz:
5m
Observer Location
X(E-W): 143 ft
Y(N-S): -1.62 mi
Z(Alt): 1.27 mi
Az : 336.2
El : -34.65
Observer Motion
Speed : 0.0 mph
Az : 336.2
El : -34.65
Observed Location
X(E-W): -3784 ft
Y(N-S): 322 ft
Z(Alt): 0 ft
X(E-W) Min: -1.12 mi
X(E-W) Max: 4215 ft
Y(N-S) Min: -4988 ft
Y(N-S) Max: 5169 ft
Z(Alt) Min: 0 ft
Z(Alt) Max: 4690 ft

Figure 7. 3D overpressure footprint through first 20 minutes of release. Pool at 20 minutes is also visible.

LNGrelease from ship
Species: Methane
Met:Galveston
Overpressure Potential
Time: 00:20
Height: 0 ft
Above Ground
Dist: 2400 ft
Ang : 210
Flame Spd(M): 0.109
Cell Dx: 100 m
Cell Dy: 100 m
Cell Dz:
5m
Max (psi): 0.406
Max (bar): 0.028
Max (kPa): 2.8
Max time (min): 18

0.50

0.40

Pres (psi)

0.30

0.20

0.10

0.00
0

5

10
Time since release (min)

15

Figure 8. Overpressure versus time at the surface and 2400 feet at 210 degrees from release site.
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