The Following are extracts from the Manual of LNGC DISHA, a 137,000 m3 LNG Carrier, owned by Petroship

Properties of LNG

2.1 Physical Properties, Composition and Characteristics of LNG

Natural gas is a mixture of hydrocarbons which, when liquefied, form a clear colourless and odourless liquid. This LNG is usually transported and stored at a temperature very close to its boiling point at atmospheric pressure . (approximately –160°C)

The actual LNG composition of each loading terminal, such as Qatar and e.g. Abu Dhabi, will vary depending on its source and on the liquefaction process, but the main constituent will always be methane. Other constituents will be small percentages of heavier hydrocarbons, e.g., ethane, propane, butane, pentane, and possibly a small percentage of nitrogen.

A typical composition of LNG is given in Table 2.1b, and the physical properties of the major constituent gases are given in Table 2.1a. 

For most engineering calculations (e.g. piping pressure losses), it can be assumed that the physical properties of pure methane represent those of LNG. For custody transfer purposes, however, when accurate calculation of the heating value and density is required, the specific properties based on actual component analysis must be used.

During a normal sea voyage, heat is transferred to the LNG cargo through the cargo tank insulation, causing vapourization of part of the cargo, i.e. boil-off. The composition of the LNG is changed by this boil-off because the lighter components, having lower boiling points at atmospheric pressure, vapourize first. Therefore the discharged LNG has a lower percentage content of nitrogen and methane than the LNG as loaded, and slightly higher percentages of ethane, propane and butane, due to methane and nitrogen boiling off in preference to the heavier gases.

The flammability range of methane in air (21% oxygen) is approximately 5.3 to 14% (by volume). To reduce this range, the air is diluted with nitrogen until the oxygen content is reduced to 2% prior to loading after dry docking. In theory, an explosion cannot occur if the O2 content of the mixture is below 13% regardless of the percentage of methane, but for practical safety reasons, purging is continued until the O2 content is below 2%. This safety aspect is explained in detail later in this section.

The boil-off vapour from LNG is lighter than air at vapour temperatures above -110°C or higher, depending on the LNG’s composition (See Fig. 2.1d). Therefore, when vapour is vented into the atmosphere, the vapour will tend to rise above the vent outlet and will be rapidly dispersed. When cold vapour is mixed with ambient air, the vapour-air mixture will appear as a readily visible white cloud due to the condensation of the moisture in the air. It is normally safe to assume that the flammable range of the vapour-air mixture does not extend significantly beyond the perimeter of the white cloud.

The auto-ignition temperature of methane, i.e. the lowest temperature to which the gas needs to be heated to cause self-sustained combustion without ignition by a spark or flame, is 595°C.
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Variation in Boiling Point of Methane with Pressure

(See Fig 2.1d Density Ratio Methane/Ambient Air Versus Temperature)

The boiling point of methane increases with pressure. This variation is shown in the diagram for pure methane over the normal range of pressures on board the vessel. The presence of the heavier components in LNG increases the boiling point of the cargo for a given pressure.

The relationship between the boiling point and the pressure of LNG will approximately follow a line parallel to that shown for 100% methane.
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2.2.1 Flammability of Methane, Oxygen and Nitrogen Mixtures

The ship must be operated in such a way that a flammable mixture of methane and air is avoided at all times. The relationship between gas/air composition and flammability for all possible mixtures of methane, air and nitrogen is shown in the diagram above.

The vertical axis A-B represents oxygen-nitrogen mixtures with no methane present, ranging from 0% oxygen (100% nitrogen) at point A, to 21% oxygen (79% nitrogen) at point B. The latter point represents the composition of atmospheric air.

The horizontal axis A-C represents methane-nitrogen mixtures with no oxygen present, ranging from 0% methane (100% nitrogen) at point A, to 100% methane (0% nitrogen) at point C.

Any single point in the diagram within the triangle ABC represents a mixture of all three components, methane, oxygen and nitrogen, each present in a specific proportion of the total volume. The proportions of the three components represented by a single point can be read off the diagram.

For example, at point D:

Methane: 6.0% (read on axis A-C)

Oxygen: 12.2% (read on axis A-B)

Nitrogen: 81.8% (remainder)

The diagram consists of three major sectors:

1. The Flammable Zone Area EDF. Any mixture the composition of which is represented by a point that lies within this area is flammable. 

2. Area HDFC. Any mixture the composition of which is represented by a point that lies within this area is capable of forming a flammable mixture when mixed with air, but contains too much methane to

ignite.

3. Area ABEDH. Any mixture the composition of which is represented by a point that lies within this area is not capable of forming a flammable mixture when mixed with air.

Using the Diagram

Assume that point Y on the oxygen-nitrogen axis is joined by a straight line to point Z on the methane-nitrogen axis. If an oxygen-nitrogen mixture of composition Y is mixed with a methane-nitrogen mixture of composition Z, the composition of the resulting mixture will, at all times, be represented by point X, which will move from Y to Z as increasing quantities of mixture Z are added.

Note !

In this example point X, representing changing composition, passes through the flammable zone EDF, that is, when the methane content of the mixture is between 5.5% at point M, and 9.0% at point N.

Applying this to the process of inerting a cargo tank prior to cool down, assume that the tank is initially full of air at point B. Nitrogen is added until the oxygen content is reduced to 13% at point G. The addition of methane will cause the mixture composition to change along the line GDC which, it will be noted, does

not pass through the flammable zone, but is tangential to it at point D. If the oxygen content is reduced further, before the addition of methane, to any point between 0% and 13%, that is, between points A and G, the change in composition with the addition of methane will not pass through the flammable zone.

Theoretically, therefore, it is only necessary to add nitrogen to air when inerting until the oxygen content is reduced to 13%. However, the oxygen content is reduced to 2% during inerting because, in practice, complete mixing of air and nitrogen may not occur.

When a tank full of methane gas is to be inerted with nitrogen prior to aeration, a similar procedure is followed. Assume that nitrogen is added to the tank containing methane at point C until the methane content is reduced to about 14% at point H. As air is added, the mixture composition will change along line HDB, which, as before, is tangential at D to the flammable zone, but does not pass through it. For the same reasons as when inerting from a tank containing air, when inerting a tank full of methane it is necessary to go well below the theoretical figure to a methane content of 1.5% because complete mixing of

methane and nitrogen may not occur in practice.

The procedures for avoiding flammable mixtures in cargo tanks and piping are summarised as follows:

1. Tanks and piping containing air are to be inerted with nitrogen or inert gas before admitting methane at ambient temperature until all sampling points indicate 1.0% vol. or less oxygen content.

2. Tanks and piping containing methane are to be inerted with nitrogen before admitting air until all sampling points indicate 1.0% vol methane.

It should be noted that some portable instruments for measuring methane content are based on oxidising the sample over a heated platinum wire and measuring the increased temperature from this combustion. This type of analyzer will not work with methane-nitrogen mixtures that do not contain oxygen. For this reason,

special portable instruments of the infrared type have been developed and supplied to the ship for this purpose.
Supplementary Characteristics

When spilled on water:

1) Boiling of LNG is rapid, due to the large temperature difference between the product and water.

2) LNG continuously spreads over an indefinitely large area, it results in a magnification of its rate of evaporation until vapourization is complete.

3) No coherent ice layer forms on the water.

4) Under particular circumstances, with a methane concentration below 40%, flameless explosions are possible when the LNG strikes the water. It results from an interfacial phenomenon in which LNG

becomes locally superheated at a maximum limit until a rapid boiling occurs. However, commercial LNG is far richer in methane than 40% and would require lengthy storage before ageing to that concentration.

5) The flammable cloud of LNG and air may extend for large distances downward (only methane when warmer than -100°C is lighter than air) because of the absence of topographic features which normally

promote turbulent mixing.

Vapour Clouds

1) If there is no immediate ignition of an LNG spill, a vapour cloud may form. The vapour cloud is long, thin, cigar shaped and, under certain meteorological conditions, may travel a considerable distance before

its concentration falls below the lower flammable limit. This concentration is important, for the cloud could ignite and burn, with the flame traveling back towards the originating pool. The cold vapour is denser than air and thus, at least initially, hugs the surface. Weather conditions largely determine the cloud dilution rate, with a thermal inversion greatly lengthening the distance traveled before the cloud becomes nonflammable.

2) The major danger from an LNG vapour cloud occurs when it is ignited. The heat from such a fire is a major problem. A deflagrating (simple burning) is probably fatal to those within the cloud and outside buildings but is not a major threat to those beyond the cloud, although there will be burns from thermal radiations.

3) When loaded in the cargo tanks, the pressure of the vapour phase is maintained as substantially constant, slightly above atmospheric pressure.

4) The external heat passing through the tank insulation generates convection currents within the bulk cargo. Heated LNG rises to the surface and boils.

5) The heat necessary for the vapourization of LNG comes from the outer environment of the cargo tanks leaking through the cargo tankinsulation. As long as the generated vapour is continuously removed by maintaining the pressure as substantially constant, the LNG remains at its boiling temperature.

6) If the vapour pressure is reduced by removing more vapour than is generated, the LNG temperature will decrease. In order to make up the equilibrium pressure corresponding to its temperature, the vapourization of LNG is accelerated because of an increased heat leak into the cargo tanks.

Reactivity

Methane is a greenhouse gas and as such a pollutant.

Cryogenic Temperatures

Contact with LNG or with materials chilled to its temperature of about -160°C will damage living tissue.

Most metals lose their ductility at these temperatures; LNG may cause the brittle fracture of many materials. In case of LNG spillage on the ship’s deck, the high thermal stresses generated from the restricted possibilities of contraction of the plating will result in the fracture of the steel. The Illustration 1.3.3.a and 2.2.3a shows a typical ship section with the minimum acceptable temperatures of the

steel grades selected for the various parts of the structure.

Behaviour of LNG in the Cargo Tanks

When loaded in the cargo tanks, the pressure of the vapour phase is maintained as substantially constant, slightly above atmospheric pressure.

The external heat passing through the tank insulation generates convection currents within the bulk cargo; heated LNG rises to the surface and boils.

The heat necessary for the vapourization of LNG comes from the outer environment of the cargo tanks leaking through the cargo tank insulation. As long as the generated vapour is continuously removed by maintaining the pressure as substantially constant, the LNG remains at its boiling temperature.

If the vapour pressure is reduced by removing more vapour than generated, the LNG temperature will decrease. In order to make up the equilibrium pressure corresponding to its temperature, the vapourization of LNG is accelerated because of an increased heat leak into the cargo tanks.

If the vapour pressure is increased by removing less vapour than is generated, the LNG temperature will increase. In order to reduce the pressure to a level corresponding to the equilibrium with its temperature, the vapourization of LNG is slowed down and the heat transfer from LNG to vapour is reduced.

LNG is a mixture of several components with different physical properties and in particular with different vapourization rate; the more volatile fraction of the cargo vapourizes at a greater rate than the less volatile fraction. The vapour generated by the boiling of the LNG contains a higher concentration of the more volatile fraction than the LNG.

The properties of the LNG, i.e. the boiling point, density and heating value, have a tendency to increase during the voyage.
2.2.3 Properties of Nitrogen and Inert Gas

Nitrogen

Nitrogen is used for the pressurization of the insulation spaces, for purging of cargo pipe lines, fire extinguishing in the vent mast and for the sealing of the gas compressors. It is produced either by the vapourization of liquid nitrogen supplied from shore, or by generators whose principle is based on hollow fiber membranes to separate air into nitrogen and oxygen.

Physical Properties of Nitrogen

Nitrogen is the most common gas in nature since it represents 79% in volume of the atmospheric air.

At room temperature, nitrogen is a colourless and odourless gas. Its density is near that of air, 1.25 kg/m3 under the standard conditions.

When liquefied, the temperature is –196°C under atmospheric pressure, density of 810 kg/m3 and a vapourization heat of 199 kJ/kg.

Properties of Nitrogen

Molecular weight: 





28.016

Boiling point at 1 bar absolute (0.1MPaA) : 



–196°C

Liquid SG at boiling point: 




1.81

Vapour SG at 15°C and 1 bar absolute (0.1MPaA) : 


0.97

Gas volume/liquid volume ratio at –196°C : 


695

Flammable limits: 





Non

Dew point of 100% pure N2 : 




Below –80°C

Chemical Properties

Nitrogen is considered as an inert gas; it is non flammable and without chemical affinity. However, at high temperatures, it can be combined with other gases and metals.

Hazards

Warning

Due to the absence or to the very low content of oxygen, nitrogen is an asphyxiant.

At liquid state, its low temperature will damage living tissue and any spillage of liquid nitrogen on the ship’s deck will result in failure as for LNG.

Inert Gas

Inert gas is used to reduce the oxygen content in the cargo system, tanks, piping and compressors in order to prevent an air/CH4 mixture prior to aeration post warm up, before refit or repairs and prior to the gassing up operation post refit before cooling down. Inert gas is produced on board using an inert gas generator supplied by SMIT, which produces inert gas at 14,000 Nm3/h with a –45°C dew point burning low sulphur content gas oil. This plant can also produce dry air at 14,000 Nm3/h and –45°C dew point (see section 4.11 for more details).

The inert gas composition is as follows:

Oxygen: 





< 1.0% in vol.

Carbon dioxide: 





< 14% in vol.

Carbon monoxide: 




< 100 ppm by vol.

Sulphur oxides (SOx): 




< 2 ppm by vol.

Nitrogen oxides (NOx): 




< 65 ppm by vol.

Nitrogen: 





balance

Dew point: 





< -45°C

Soot(on Bacharach scale): 




0(= complete absence)

The inert gas is slightly denser than air: 


1.35 kg/m3 abt at 0°C.

Warning

Due to its low oxygen content, inert gas is an asphyxiant.
