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Abstract: This paper presents criteria for evaluating the
uncertainty of a flow measurement system with ultrasonic
meters used in the oil and gas industry. Features of
construction of the meters, difficulties and possibilities in
different applications are shown to identify parameters of
influence. Measurement of liquids and natural gas is
included.
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1. INTRODUCTION
The ultrasonic flowmeter is robust, has no moving parts,
operates with virtually all products in the petroleum
industry, including oil, oil products and natural gas, and also
operates with biofuels. There are meters available in the
market for high flow rates, and wide ranges of pressure and
temperature. Another feature that attracts the attention of the
industry is that these meters produce excellent results when
calibrated in the laboratory and therefore they achieve model
approval for more stringent accuracy classes.
A few years ago, the ultrasonic meter was introduced to
the industry as not requiring calibration and the importance
of the upstream meter run was minimized. It is presently
known that ultrasonic meters are sensitive to the installation
and operating conditions, and the calibration of these meters
at the operation is expensive.
Moreover, industry has these meters installed and must
have information about their performance and the
measurement uncertainty of the results.
2. DESCRIPTION
2.1. General considerations
The transit time ultrasonic flowmeter comprises one or
more pairs of transducers. Each transducer sends and
receives acoustic pulses in high frequency, transversally to
the pipe. The pulse sent in the flow direction (in Fig. 1, from
T1 to T2) takes less time than the pulse in the opposite
direction (from T2 to T1). The difference between the
propagation times will be proportional to the average
velocity of the particles on the acoustic path. The ultrasonic
meter with multiple paths is, in general, more accurate.

Figure 1: One path of a transit time ultrasonic meter.

The mean velocity in one path ( wT ) is not equal to the
mean velocity in the cross-section ( w ). Also, the average of
all the paths of a meter will not be equal to w . So, the meter
has to be calibrated by the manufacturer.
The meters for natural gas custody transfer are calibrated
in the laboratory with natural gas. For liquid custody
transfer, the meter should be calibrated at the operation site.
The meters used in operational control are not calibrated
with the product, only with air (gas meters) and water
(liquid meters).
The measurement systems include the flow computer
that receives temperature and pressure data and
chromatograph data for natural gas or density data for
liquids. The results are volume or flow rate at base
condition.
2.2. Uncertainty evaluation
The measurement uncertainty of the results sent to the
process was calculated based on the equations configured in
the flow computer that indicates the relation between
volume and pressure, temperature and fluid properties.
The construction of the data-sheet for the uncertainty
evaluation follows basically the GUIDE [1] and EA-4/02 [2]
indications. The special step is to evaluate the uncertainty
due to the differences between the operation and calibration.
Some aspects are discussed in different papers or
standards, but they are not quantified.
3. RESULTS AND DISCUSSTION
The procedure presented by AGA 9 [3] for gas
measurement indicates the uncertainty for the meter is

composed of the uncertainty in the calibration plus long
term reproducibility in the field. Also there are the
installation differences between the calibration and
operation circuits.
API 5.8 [4] suggests prover volumes for the calibration
of ultrasonic meters, larger than the volumes of the provers
used to calibrate turbine meters. But the cost would increase.
So, a master meter is used, sometimes with a mobile prover,
but in other installations, the master meter should be
calibrated in another site.

The results of the uncertainty evaluation of a
measurement system with ultrasonic meter may differ
substantially from one facility to another and depending on
the operating conditions, even using the same product. The
omission or overvaluation of a factor completely changes
the results. For a measurement operational system where the
flow meter the uncertainties may be higher than 2%.
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