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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the 
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any 
information or process disclosed in this publication. Neither API nor any of API's employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so.  Every effort has been made by the Institute to assure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating 
practices. These publications are not intended to obviate the need for applying sound engineering judgment 
regarding when and where these publications should be utilized. The formulation and publication of API publications 
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Users of this Standard should not rely exclusively on the information contained in this document. Sound business, 
scientific, engineering, and safety judgment should be used in employing the information contained herein.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means, 
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the 

Publisher, API Publishing Services, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2015 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order 
to conform to the specification.

This document was produced under API standardization procedures that ensure appropriate notification and 
participation in the developmental process and is designated as an API standard. Questions concerning the 
interpretation of the content of this publication or comments and questions concerning the procedures under which 
this publication was developed should be directed in writing to the Director of Standards, American Petroleum 
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all or any part 
of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the 
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published 
annually by API, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW, 
Washington, DC 20005, standards@api.org.
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Introduction

This document defines the testing and reporting protocols for a flare gas meter within a Flare Flow Meter System 
(FFMS). This protocol is designed to supply industry with a comparable description of the capabilities of flare gas 
meters for gaseous fluid flow measurement. The following are objectives of this Testing Protocol.

— Provide information about relative performance characteristics of the flare gas meter under a standardized 
testing protocol over an expected operating range with a standardized reporting format. (See 6.1 for 
determination of the expected operating range.)

— Facilitate both the understanding and the introduction of new technologies.

— Provide a standardized vehicle for manufacturers to validate the meter’s performance.

— Quantify the uncertainty of these devices and define the operating and installation conditions for which the stated 
uncertainties apply.

To accomplish these objectives, in addition to the base testing requirements defined in this document, the end user 
should define any application specific requirements not covered by the base testing requirements such as the 
following.

— Expected operating range of the meter where this exceeds the base testing requirement operating range.

— Upstream flow disturbances not addressed by the base testing requirements.

— Criteria needed to comply with regulatory requirements.

When specifying additional testing requirements, the end user should insure that all parameters affecting the meter’s 
performance are identified, but not limited to, items described in Section 6.

The facility selected to perform the tests has to be able to correlate the test fluid to the fluids to be measured at the 
expected process conditions.

Examples of flare gas meters covered in this standard include, but are not limited to differential pressure flow meters, 
optical meters, thermal flow meters, ultrasonic flare meters, vortex shedding meters.

If a meter has been tested under another API MPMS Chapter 22 testing protocol that covers the entire expected 
operating range for this application, testing the influence parameters listed in Section 5 and the ranges defined in 6.4, 
then additional testing is optional. Reporting and testing protocols for test facilities are included to ensure that the 
performance characteristics of each meter are compared with identical conditions as set forth in this standard.

vi
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Testing Protocol for Flare Gas Metering

1 Scope

The scope of the standard is to describe a testing protocol for flare gas meters. This includes a discussion of the 
testing to be performed, how the test data should be analyzed, and how an uncertainty is determined from the testing 
of the meter. The scope does not include the general guidelines to flare gas metering that are covered under MPMS
Chapter 14.10.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced document (including any 
amendments) applies.

API Manual of Petroleum Measurement Standards (MPMS), Chapter 14.3 Part 1, Concentric, Square-Edged Orifice 
Meters—Part 1: General Equations and Uncertainty Guidelines

ISO/IEC Guide 98-3:2008 1, Uncertainty of Measurement—Part 3: Guide to the Expression Uncertainty in 
Measurement (GUM: 1995)

ISO/IEC 17025; 2005, General requirements for the competence of testing and calibration laboratories

3 Terms and Definitions

For the purposes of this document, the following definitions apply. 

3.1
accuracy
The ability of a measurement instrument to indicate values closely approximating the true value of the quantity 
measured. 

3.2
adiabatic expansion
Expansion of gas that occurs without loss or gain of heat.

3.3
calibration
The process or procedure of adjusting an instrument, such as a meter, so that its indication or registration is in 
satisfactorily close agreement with a reference standard.

3.4
D
The published inside pipe diameter.

3.5
dynamic performance
A general expression for the relationship between the volume or mass registered by a meter and the true value after 
a change in flow rate, flowing temperature or flowing pressure.

1 International Electrotechnical Commission, 3, rue de Varembé, P.O. Box 131, CH-1211, Geneva 20, Switzerland, www.iec.ch.
1
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3.6
dynamic response
The time required for a meter to register 63.2 % of the difference between its old and new value after a change in flow 
rate, flowing temperature or flowing pressure. 

3.7
flow disturbance
Any change in the swirl or asymmetry of the velocity profile capable of changing the output of the meter.

3.8
hysteresis
The difference between the indications of a measuring instrument when the same value of the quantity measured is 
reached by increasing or decreasing the quantity.

3.9
isentropic exponent
A thermodynamic state property that establishes the relationship between an expanding fluid’s pressure and density 
as the fluid flows through the sensing element.

3.10
linearity
Meter linearity is expressed as the total range of deviation of the accuracy curve from a straight line between the 
minimum and maximum recommended flow rates.

3.11
rangeability
The capability of a meter or flow measuring device to operate between the minimum and maximum flow range within 
a specified uncertainty; expressed as the ratio of maximum flow to the minimum flow.

3.12
reference standard (metering)
The facility measuring instrument, which is traceable to national and/or international standards, intended to define, to 
represent physically, or to reproduce the unit of measurement of a quantity (or a multiple or submultiple of that unit), in 
order to transmit it to other measuring instruments.

3.13
repeatability
A measure of the agreement between the results of successive measurements of the same variable carried out by 
the same method, with the same instrument, at the same location, and within a short period of time.

3.14
sensing element
The part of the sensor (or detector) that is responsive to the magnitude of the measured quantity.

3.15
uncertainty
The amount and probability by which an observed or calculated value may depart from the true value.

4 Field of Application

This testing protocol is limited to sensing elements of meters that are used in the measurement of flare gas flow in the 
petroleum, energy, and petrochemical industries.
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5 Parameter Variations Affecting Device Performance

As discussed in API MPMS Chapter 14.10 there are many parameters that may affect the performance of the device. 
The key parameters that will best define the performance of the Flare Flow Meter System (FFMS) metering 
component include but are not limited to the following:

— pressure;

— temperature;

— gas composition;

— environmental conditions;

— installation conditions such as upstream piping disturbances (influences will vary between different meter 
technologies);

— velocity;

— Reynolds Number;

— phase changes.

6 Mandatory Tests

6.1 Test Conditions

Written procedures should be developed by the testing facility and agreed by the party requesting the test prior to the 
start of any testing. The sequence of tests should be considered and any tests that can alter device performance 
should be completed last. All deviations from written procedures or standards shall be documented.

During the test, the environment should stay as stable as possible minimizing temperature, pressure, and barometric 
pressure excursions. For this reason the entire test should be conducted in one setting. Care should be taken to 
ensure that environmental/external conditions not being tested are held as consistent as possible to minimize their 
effect on the test results. The environmental/external conditions shall be recorded and reported. The average 
operating value and range of temperature, relative humidity, and atmospheric pressure during the test shall be 
measured and reported.

Significant temperature changes may influence the performance of flare flow meters through the change of critical 
geometric parameters and fluid properties. Meter manufacturers shall state corrections to be used in data processing. 
It is generally impractical to change the fluid temperature in a flow laboratory; consequently, the flowing fluid 
temperature should simply be recorded.

It is the responsibility of the manufacturer to specify the allowable range of the flare meter to be used with specific 
fluids, based on the thermodynamic properties of the fluids, mechanical and fluid dynamic constraints. In no case 
shall the velocities in these tests exceed the limits imposed by mechanical and fluid dynamic constraints.

If the flare meter is sensitive to compositional changes, then the manufacturer shall provide documentation detailing 
the sensitivity of their meter to changes in composition. In some cases additional testing may also be required to 
validate the sensitivity to fluid composition.

Air and other gases can be used provided the test fluid remains homogeneous and in a single phase during the test. 
The end-user’s composition may vary so it is the end-user’s responsibility to obtain correlating data from the 
manufacturer detailing how the meter will respond to the end user’s application.
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