The Fluid Properties Meter

SWRI researchers develop innovative energy meter to
determine natural gas properties

By Eric Kelner, P.E.

ing demand and changing natural

gas supplies has created variations
in the properties of natural gas. This has
raised safety concerns and operational
issues for transporters, as well as ques-
tions about the ability of natural gas-
fired end-use equipment to perform. If
the current strong demand trend and
variation in natural gas quality continue,
producers and marketers will need more
accurate, real-time monitoring of gas
properties.

Prior to the 1990s, low gas prices
and a growing natural gas-liquids mar-
ket motivated producers to extract lig-
uids such as propane and butane from
the gas and sell them. This created a
fairly lean (containing low concentra-

I n recent years, a combination of ris-

tions of condensable hydrocarbons) and uni-
form natural gas composition, with essen-
tially no risk that natural-gas liquids would
condense in a pipeline system. Since then,
the narrowing price difference between nat-
ural gas liquids and natural gas itself has
reduced interest in extracting and selling the
liquids, thereby increasing the amount of
unprocessed gas (containing relatively high
concentrations of condensable hydrocar-
bons) flowing through the nation’s pipelines.
Unprocessed gas, which is more likely to
contain condensed hydrocarbon liquids,
increases the cost of transportation system
operation and also creates safety concerns.
The problem is compounded because
many gas producing reservoirs are becoming
depleted and are producing gas with
increasing concentrations of condensable
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hydrocarbons. New resources, such as lig-
uefied natural gas and coal-seam gas,
bring additional variation in gas quality.

Gas quality variations also impact
end-use equipment such as domestic
burners and gas-fired turbines.
Technologies that were created to reduce
the amount of combustion-related emis-
sions tend to increase the equipment’s sen-
sitivity to natural gas properties. Quality
variations can increase emissions, reduce
efficiency, cause flame instability and cre-
ate engine knock.

Flexible, accurate, real-time monitor-
ing will improve the infrastructure’s ability
to respond to variations in gas properties.
However, because of high equipment
costs, real-time gas quality monitoring
only occurs at large-volume locations.
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An Innovative Solution

The Fluids Properties
Meter, developed by engi-
neers at Southwest Research
[nstitute (SwRI), provides a low-cost alter-
native to traditional gas property determi-
nation methods. It can be used at locations
within natural gas transportation systems
where traditional equipment, such as a gas
chromatograph, is cost-prohibitive. This
innovative technology could enable gas
transportation system operators to monitor
gas properties at any point in the system, in
real time, and allow them to respond
quickly to changing conditions. It also can
be used by industrial consumers as a fuel
gas monitor or as a check for billing confir-
mation. Ultimately, it may provide more
accurate billing for individual consumers.

In 1997, researchers in SwRI’s
Mechanical and Materials Engineering
Division developed a method to infer nat-
ural gas properties by exploiting a relation-
ship between those properties and several
easily measured parameters. The method
was licensed for commercialization to two
manufacturers in 2005. One implementa-
tion of the technology is commercially

available; the other is in the prototype
stage of development.

Traditionally, natural gas properties are
determined through a chemical assay from
a gas chromatograph, combined with indi-
vidual species’ properties and an equation
of state. However, a gas chromatograph
costs $50,000 to $100,000 per installation,
so its use is limited to gas meter stations
that flow large volumes of gas.

Meter stations with low-volume flow
typically rely on composite samples that
yield a rough average of the composition
of the gas over time, or spot samples that
provide a “snapshot” reading but cannot’
track variations over time. The SwRI
method costs less than $15,000, does not
require a chemical assay, and still provides
better accuracy than either spot or com-
posite samples.

Natural gas is largely composed of
paraffin hydrocarbons with properties that
are interdependent because of their similar
molecular structure. This interdependence
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can be exploited to characterize hydrocar-
bon energy without performing a detailed
assay. First, the concentrations of the dilu-
ents, or materials dissolved in the natural
gas — predominantly nitrogen and carbon
dioxide — must be quantified because
they have no energy content, yet they
affect the gas properties. These diluents
normally account for a relatively small
fraction of the whole natural gas mixture.
The remaining hydrocarbon gas compo-
nents can be characterized by inferential
properties, without species differentiation.

In developing its energy measurement
technique, SwRI selected the following
inferential properties: the speed of sound
as it travels through the gas, carbon diox-
ide concentration and nitrogen concentra-
tion. When the amounts of carbon dioxide
and nitrogen in a natural gas mixture are
quantified separately, the sound speed can
be used to characterize the hydrocarbon
components as a whole,

The natural gas sound speed was cho-
sen as an inferential property because of
the popularity of ultrasonic flow meters for
natural gas applications. These meters
measure sound speed as a byproduct of
the flow rate measurement. The carbon
dioxide and nitrogen concentrations were
selected because they are the major gas
components that dilute natural gas mix-
tures. The values of sound speed, carbon
dioxide concentration and nitrogen con-

The SwRI energy measurement technique
uses an inferential method to determine
energy content and other gas properties.






