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Figure 3: Conditions with layering set for rollover
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Density measurements
Density is a measurement of mass per unit of volume. Because
LNG is not a pure substance, the density varies between the
different gas fields due to different composition.

The system measures the position of fixed markers inside a
standpipe with customized length. A frequency sweeping microwave signal is emitted by the radar through the pipe, where
the sensing part(s) of the pipe consist of specially designed
markers at both ends. The radar receives a reflected signal
from both the upper and the lower marker, and by measuring
the position of these carefully calibrated references, the density
of the liquid filling the sensing part of the pipe is calculated.

The traditional way of obtaining the density of LNG as input to
the CTS report, is by taking liquid samples that are vapourized
and sent to a gas chromatograph to analyze the composition.
The density is then calculated by using the revised Klosek
McKinley equation, where the composition of the LNG found by
the gas chromatograph forms the input.

Each densimeter is connected to a dedicated signal processing
unit. Density is measured tank by tank, and the system can
present the ship average density.

The chemical composition of LNG is a function of the source
and type of processing/aging. It is a mixture of mainly methane,
ethane, propane and butane with small amounts of heavier
hydrocarbons. Besides the hydrocarbons, mainly Nitrogen exist,
which is an important component to watch due to its altered
properties compared to the hydrocarbons. Methane is by far the
major component, usually over 85 % by volume.

Density profile
LNG is stored in refrigerated tanks, at temperatures around
-160 °C and pressures slightly over atmospheric. Heat leaks,
even in well insulated tanks, will cause boil–off which makes
the composition of the LNG to slowly change (aging). Under
normal conditions, heat transfer and vessel motions will ensure
circulation of the LNG, maintaining a uniform liquid. However, in
cases where addition of new LNG with a different temperature
and density combined with insufficient circulation can lead to
stratification/layering of the LNG.
To avoid layering in an LNG tank, the choice between top and
bottom filling is crucial when receiving additional LNG in a partly
filled tank. The combination of wrongly filled LNG followed by
insufficient circulation can lead to stratification that ends up in a
rollover incident.
A method to detect stratification in LNG is to measure both the
density and the temperature profile over the tank height. The
KONGSBERG radar based densimeter measure density profile
continuously over the tank height by measuring the position
of fixed markers inside a standpipe. The standpipe consist of
several sections flanged together to form the pipe ranging over
the full tank height. The density of the liquid filling the column
between each two markers is continuously measured and the
density profile down the tank are presented for every segment
along with the temperature profile.

Table 1: Typical chemical composition of LNG
With KONGSBERG radar based densimeter, the density of the
LNG is monitored continuously as long as the sensing part of
the pipe is immersed in LNG. This is done at each immersed
segment in the tank, and can be presented for each tank or
averaged over several tanks. By knowing only the N2 content to
certain accuracy, the uncertainty of the density measurement is
reduced to a level well below the uncertainty of today’s accepted standards.
Accurate density measurement is possible regardless of the
tank atmospheric conditions. High instrument accuracy and
flexible software ensure continuously monitoring of the density
and its change both in cases with natural and forced boil-off and
re-liquefaction.
The density calculated from the gas composition found at
laboratories (by use of gas chromatograph), can be verified
by the radar based density measurement, hence it will also be
a confirmation of the input to the gross calorific value (GCV)
calculation. The density meter has a built in aging model that is
continuously adjusted by the updated inputs from the accurately
measured temperatures and the day-by-day change of the density, thus being a useful feature for the spot marked, combined
with other systems for following up on LNG composition, aging
and prediction.

Figure 3: LNG densimeter overview mimic

Figure 1: RTG and standpipe installation with marker

Figure 2: Functional illustration of LNG densimeter

