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Introduction

As we know, the OIML is an intergovernmental treaty organization whose activities are focused on legal
metrology. Its mission includes enabling economies to put in place effective legal metrology
infrastructures that are mutually compatible and internationally recognized, for all areas where
governments take responsibility, such as those which facilitate trade, establish mutual confidence and
harmonize the level of consumer protection worldwide [1].

However, different countries and economies have different resources and economic sectors in which it
is be necessary to reinforce consumer and society protection. As the International Vocabulary of Terms
in Legal Metrology (VIML) presents in Note 1 from definition 1.01, “The scope of legal metrology may
be different from country to country” [2].

The oil and gas upstream market in Brazil is regulated by the National Petroleum Agency, including
INMETRO as the responsible body for legal metrological control applied to oil and gas meters and
metering systems. These definitions are presented in a joint resolution, published in 2013 [7].

In addition to the joint resolution, definitions related to instruments are published by INMETRO in
various ordinances, based not only on oil and gas standards, but also on OIML publications, especially
Recommendations R 117 [4] and R 137 [5]. This offers an overview of these applications.

OIML R 117 Dynamic measuring systems for liquids other than water

Brazil is the largest oil producer in South America, and the oil and gas market represents around 10 %
of the country’s GDP. Thus, such an economic impact justifies Brazilian government efforts in
regulating measurements in this field. These measurements have a material impact on the calculation
and payment of royalties and taxes [3].

OIML R 117, whose scope includes dynamic measurement systems of fluids other than water, was
initially adopted for oil meters in Brazil in 2003, as a reference for the publication of INMETRO
Ordinance number 64, from April 11, 2003 [8]. This ordinance included requirements applied to the
measuring systems used at petroleum production plants and its parts, including stand-alone flow meters
from different technologies and flow computers, presented in Figure 1.
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Figure 1: Flow computers testing facilities in INMETRO

Based on this Ordinance, INMETRO defined that the legal control applied to these instruments includes
type approval and verifications. In the beginning, INMETRO started creating type approval processes
for stand-alone flow meters. The main technologies used in Brazil include turbines (a), positive
displacement (b), ultrasonic (c) and Coriolis (d) meters, presented in Figure 2.
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Figure 2: Flow meter technologies

In 2010, INMETRO started legal metrological control for flow computers. Even if flow computers are
not measuring instruments, they are responsible for realizing the flow calculations and work as the “audit
trail” for all measurements, calibrations, and results from the measuring system. In Brazil, the oil market
management is realized by the National Petroleum Agency [6], and data from the flow computers is one
of the main tools applied in this management.
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Following these actions, INMETRO detected that the requirements defined for flow computers until that
moment were not sufficient to meet the oil and gas market needs. Not only were the requirements only
from liquid measurements, but also the algorithms and calculations from other standards, outside the
OIML but applicable to oil and gas measurements, such as ISO, API and AGA, were not included.

Based on that, requirements that are more specific to flow computers were developed, considering OIML
R 117 and additional standards. The result of this effort was published as INMETRO Ordinance number
499, from October 2, 2015 [9]. Some years later, this ordinance was reviewed, and INMETRO published
Ordinance number 298, from July 8, 2021 [10].

Such requirements separation allowed the modernization of INMETRO Ordinance number 64, from
April 11, 2003. The scope of this ordinance has been redefined, excluding flow computers, thus allowing
INMETRO to carry out type approvals of stand-alone meters and complete metering systems (presented
in Figure 3) applied to oil metering.

Figure 3: Complete metering system applicable to oil metering

The stand-alone meters are tested in a more conventional manner, taking as a basis the requirements
from OIML R 117. In the case of the complete metering systems, however, as most of these systems are
unique solutions, based on local and fluid characteristics; these approvals are realized in a documental
way, and tests are realized during verifications.

This model is currently defined through INMETRO Ordinance number 291, from July 7, 2021 [11].
However, INMETRO is continuously working, both internally and together with the National Petroleum
Agency, and is searching for optimizations that could make the entire system smarter and safer, from a
metrological point of view. The next steps include:

e Simplifying the type approval processes, but reinforcing metrological supervision as defined in
OIML D 9 [12];

e Application of ISO/IEC 17025 to the assessment of Testing Laboratories involved in the
activity, as defined in OIML D 30 [13];

e Sharing the initial verification responsibility using the quality management systems from
manufacturers and operators, based on OIML D 27 [14];

e Defining requirements for software and environmental conditions applicable to these
instruments, as mentioned in OIML D 11 [15] and OIML D 31 [16];

e Some kind of remote monitoring of larger oil and gas meters, for in-service surveillance, as
presented in the Webinar: Digital Transformation in Legal Metrology [17, 22].

Although it is not part of the scope of this article, it is worth noting that OIML R 117 is also a
fundamental part of other INMETRO regulations, such as in the case of liquid fuel metering pumps.
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Brazil faced cases of electronic fraud and the involvement of organized crime in the liquid fuels market,
which led to a modernization of the regulations in force until then [18].

OIM R 137 Gas meters

Gas meters were initially regulated by INMETRO in 1997, and during the first few years, especially
between 1997 and 2007, Brazil focused on metrological control of smaller gas meters, including
diaphragm-type meters (presented in Figure 4), for residential use, and rotary and turbine-type meters,
more focused on industrial use. The Coriolis gas meters applied to vehicular compressed natural gas
were also regulated, but this application was outside the scope of OIML R 137.

Figure 4: Diaphragm-type gas meters

In the case of natural gas production, upstream, until now, most of the measurements were based on
differential pressure meters, especially orifice plates, due to their simplicity, low cost and possibility of
simple, dimensional-only calibration.

However, as natural gas production increases in Brazil, the regulation of the joint resolution from
INMETRO and the National Petroleum Agency has seen its severity increased [19].

The oil and gas operators have already been informed that the use of Differential Pressure Flow Meters,
such as the orifice plate, will not be allowed in the larger gas metering points. Technologies such as
turbines, ultrasonic and coriolis meters will be a mandatory solution.

This situation motivated INMETRO to update the legal metrology requirements, previously restricted
to smaller gas meters, to a new scenario, where all of the technologies and applications of gas meters
need to be regulated. These new requirements were defined by INMETRO Ordinance number 156, from
March 30, 2022 [20].

As presented in the previous section, the flow computer requirements were reviewed in 2016, and
INMETRO Ordinance number 298, from July 8, 2021 is already prepared for type approval of flow
computers prepared for gas metering systems.

Natural gas in Brazil is considered a transition fuel for reducing greenhouse gas emissions, so its
consumption is expected to increase in the coming years, in several applications. In the energy market,
for example, recently large thermoelectric projects are being constructed [21]. This will increase the
importance related to this metrological control.
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Currently, INMETRO is carrying out type approval processes for meters that belong to this new scope,
as presented in Figure 5, with the prospect of publishing the first approvals in 2024. Approvals of
different technologies are already underway.

Figure 5: Ultrasonic gas meters

However, just as in the case of oil metering, INMETRO is continuously working, both internally and
together with National Petroleum Agency, looking to improve the gas metering applications. The lessons
learned from the twenty years in oil metering will surely be useful in the gas case. The next steps include:

e Application of ISO/IEC 17025 to the assessment of Testing Laboratories involved in the
activity, as defined in OIML D 30;

e Sharing the initial verification responsibility using the quality management systems from
manufacturers and operators, based on OIML D 27;

e Defining requirements for software and environmental conditions applicable to these
instruments, as mentioned in OIML D 11 and OIML D 31;

e Some kind of remote monitoring of larger oil and gas meters, for in-service surveillance, as
presented in the Webinar: Digital Transformation in Legal Metrology [17, 22].

e Evaluating the application of OIML R 140 Measuring systems for gaseous fuel [23], as
INMETRO Ordinance number 156, from March 30, 2022 covers only stand-alone meters.

Conclusions

Brazil is a major oil and gas producer and consumer. Thinking about the offshore production, the legal
metrology aspects related to oil measurements have been developed since 2003. Therefore, INMETRO
has acquired more experience, so that improvements in management are being proposed. Improvements
have been made to the type approval processes, and verifications are being evaluated.

Comparing the oil market regulation with the gas market, the regulation for gas meters is more recent,
having been implemented in 2016. However, it is expected that the experience acquired during the
execution of activities related to oil meters can contribute to accelerating the development of the legal
metrological control model applied to gas situations.

In common, there is understanding that there is a need to explore more sophisticated metrological control
models in both cases, involving tools such as software requirements, aiming at the use of remote
measurements and data analysis, which can function as information for the development of a more
assertive remote verification and metrological supervision model.
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