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Abstract: In October 2015, the Brazilian Agency for Petroleum, Natural Gas and
Biofuels (ANP) published Ordinance number 44 with specific regulations for the
application of multiphase flow meters (MM) in the allocation measurement in Brazil.
It is believed that with this regulation the use of MM in Brazil will increase
considerably. This ordinance requires the Oil & Gas companies has a MM
performance verification plan that will inform the periodicity and how the meter
verification methodology will be performed. This work presents the main performance
verification methodologies of MM for the oil and gas industry.
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1. INTRODUCTION
With the beginning of the oil and gas exploration
in Brazil, the process of regulatory process of the
volumes produced was started together. The
establishment in Brazil of the technical regulation
for measuring oil and natural gas (RTM), by joint
ordinance of the National Petroleum, Gas and
Biofuels Agency (ANP) / INMETRO nº 1, at
June 2013, established the metrological and the
requirements to carry out the measurement for
allocation. Allocation measurement is allocation
of production to each reservoir, field and well
periodically. Oil & Gas companies commonly
use test separators in field for allocation
measurement. They are vessels capable of
separating the fluids, and then measure the
volumes through single-phase oil, water and gas
flow measurement devices [1] as can be seen in

figure
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Figure 1 – Design of a conventional three-phase
separator.
The application of multiphase flow meters
(MM) is an option to the use of conventional test
separators in the execution of well tests with
objective of allocation measurement. MMs are
widely used in the world by oil and gas operators
reaching approximately 3000 meters installed [2].
The application of MM has been small in Brazil
until now.
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This regulation requires that Oil & Gas
companies have a performance verification plan
for MM that will inform the periodicity and
methodology of this plan. The regulation doesn’t
specify how to make this verification. The
operators have to define these requirements and
to submit for ANP.
The objective of this article is to present the
main methodologies of performance verification
of MM for the oil and gas industry.
2. SEPARATORS X MM
The test separators are heavy systems, require
considerable space for their installation, have
high manufacturing, operation and maintenance
costs and require long periods of process
stabilization before starting well tests [4].
The MM are systems that measure the flow
rate of each individual phase from multiphase
flow. They are lighter and smaller than the
separators. Space and weight are critical
resources in maritime platforms. They can
perform continuous monitoring of well
production. It allows a quick diagnosis of a some
problem and avoids loss of production. In
addition, MM interferes less in the well flow
obtaining a more representative flow rate.
However, it isn’t expected that the MM has
the same uncertainty that test separator for all
flows rate from all wells. This can occur if there
is a periodic performance verification of MM in
the field. The performance verification will show
the necessity of maintenance and calibration of
the meter [5].

3. PERFORMANCE VERIFICATION OF
MULTIPHASE FLOW METER
There is an understanding that the best way to
make the performance verification of MM in the
field is to test against the conventional test
separator since it is the reference standard we can
normally find in the field [5-8]. Moreover the
ANP presents this methodology in regulation
44/2015 as the most acceptable. Figure 2 shows a
graphic of liquid flow rate measurement of MM
against a test separator.
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In October of 2015 the ANP published
regulation number 44 with specific regulation for
the application of MM in the allocation
measurement in Brazil [3]. Therefore it is
expected that application of this technology will
increase in this country.

+15%

250
200
150

-15%
100
50
50

100

150

200

250

Liquid flow rate (m³/d)-Separator

Figure 2 - Graphic of MM performance against a
test separator in liquid flow rate measurement.
In the absence of the test separator or as a
complementary form of performance evaluation,
other methodologies will be presented to verify
the correct measurement of the MM when in
operation. In addition, it is important to inform
that one of the advantages of using the MM is to
remove the test separator and save weight and
space in the installation.
Some meter models, especially for subsea
installation, have sensor redundancy. The signal
comparison of these sensors allows to verify their
good operation [9].
The MM verification can be achieved by
using a mobile test unit with a MM that can be
called Master. This unit is mounted on a skid to

be transported. This method consists of testing
the meter in operation against the Master meter in
order to evaluate the performance of the meter in
operation. In this way, the mobile unit can be
calibrated regularly at a test site or with a test
separator before being used to evaluate the meter
in operation [7].
The multiphase meter can be evaluated
through chemical tracers. This technology
consists of injecting small volumes of a selective
tracer into the oil, water or gas phase, i.e.,
substance having predominant physico-chemical
affinity only in one of these phases. The tracers
are injected under controlled flow rate.
Multiphase flow samples are collected at points
far enough from the tracer injection point to
ensure complete mixing of the tracer in flow. The
individual flows of each phase can be determined
by measuring of tracer concentration in the
sample collected.

RF =

(2)

The sum of the Oil and Gas potential
production of each well is proportional to the
total production of the fiscal measurement point.
The better will be considered the accuracy of
MM as closer as RF of 1. However, the most
important feature is stability than absolute value.
Monitoring the RF allows the observation of the
change in the trend of the measurement and it
indicates the appearance of a systematic error.
The RF analysis should be in long periods of
production, usually monthly or perhaps annually
basis according to figure 3. This analysis in short
periods of time, for example daily, may show a
factor that does not represent well the MM
performance.

The flow measurement of each phase by tracer
technique is given by (1) [10]:

Q=

(1)

Onde:
Q is the mass flow rate of the phase in test
Qt is the mass flow rate of the tracer injection
Ct is the mass concentration of the tracer in phase
The reconciliation factor (RF) is a means of
monitoring the quality of operational data and
can be a very effective method [5-8] to evaluate
MM. This method consists in generating a factor
by the division of the volume measured in the
platform in the fiscal measurement, that is,
measurement of the oil and gas after the
treatment in the processing plant, by the sum of
oil and gas production of the wells measured by
the MM (2).

Figure 3 - RF monitoring of the MM for two Oil
and Gas fields.
4. CONCLUSION
The multiphase flow meters are presented as a
solution for allocation measurement with several
advantages over the conventional test separator
system. But, the multiphase flow measurement is
a new matter in metrology, so aren’t fully known
errors and uncertainties sources and measuring
capability of MM.
The use of test separators as reference for MM
performance verification is not always possible.
Although other methodologies that can be used
for performance verification, they need to be

studied in order to know what is the best to be
implemented in each Oil and Gas scenario.
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