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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. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate
compliance.

Neither APl 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 APl 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 ensure 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 used. 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. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

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, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.
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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.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

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

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

Thisdocumentwas produced under APl standardization procedures thatensure 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, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001. 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, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

This document defines the testing and reporting protocols for devices used to calculate flowrates or volumes from
orifice meters measuring hydrocarbon fluids. This protocol is designed to supply industry with a baseline of capabilities
of these devices under defined operating conditions in this document. The objectives of this testing protocol are to:

1) Ensure that the user of any flow computation device knows the performance characteristics of the device over an
applicable range as defined by tests.

2) Facilitate both the understanding and the introduction of new technologies.
3) Provide a standardized vehicle for validating manufacturers’ performance specifications.

4) Provide information about relative performance characteristics of the flow computation devices under standardized
testing protocol.

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

To accomplish these objectives, the testing protocol defines the test limits for operating conditions of the devices, and
the requirements of the facility or facilities to perform the tests. This document encompasses any device capable of
calculating flowrates as measured by an orifice meter.
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Testing Protocols—Flow Computational Device
1 Scope

This APl MPMS chapter is intended to be a standardized guideline to determine and document the fidelity of
implementation of the APl MPMS calculations standards. As with all standards developed under Chapter 22.1,
this standard includes a listing of parameters affecting the performance of the devices, a description of the tests
required, requirements for the test facility, a data reporting format, and an uncertainty determination methodology.

The field of application for this testing protocol is limited to devices that are used in the orifice-based measurement
of hydrocarbon fluids in the petroleum, energy, and petrochemical industries.

2 Normative References

There are no normative references for this document.
3 Terms, Definitions, and Symbols

3.1  Terms and Definitions
For the purposes of this document, the following terms and definitions apply.

311
accuracy
The extent to which the results of a calculation or the readings of an instrument approach the true value.

3.1.2
calibration span
The difference between the calibrated maximum and minimum range limits

313

certified equipment

Equipment whose performance is traceable to primary standards maintained by an internationally recognized
standards organization, such as the National Institute of Standards and Technology, and that has been provided
with documentation (Certificate of Conformance) stating the traceability.

314

flow computation device

An arithmetic processing unit with associated memory that accepts electrically converted signals representing
input variables from a measurement system and performs calculation for the purpose of providing flow rate and
total quantity data.

315

calculation version identifier

An auditable (see API MPMS Chapter 21.1) unique identifier used to distinguish any changes to the calculation
methodology of a flow computation device.

3.1.6
non-ideal testing
Typically defined by field conditions during a system start-up (FAT/SAT).

3.1.7
quantity calculation period (QCP)
The period over which the calculated total quantity is to be integrated.
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2 APl MANUAL OF PETROLEUM MEASUREMENT STANDARDS CHAPTER 22.5

3.1.8

quantity transaction record (QTR)

A set of unedited historical data, calculated values, and information in a preset format that supports the
determination of a quantity over a given period.

3.1.9
uncertainty (of measurement)
The amount by which an observed or calculated value may depart from the true value.

3.2 Symbols
Z, Compressibility at base conditions
Z, Compressibility at flowing conditions

Y

4 Applicability
This standard is limited to devices that meet the definition of flow computation device.

5 Parameter Variations Affecting Device Performance

This section discusses the performance calculations and the parameters that influence the calculations.
5.1 Dynamic Calculation

The ability of the flow computation device to accurately calculate accumulated volume or mass over a period of
time with varying inputs. Calculations are typically performed as directed by API MPMS Chapter 21.1.

6 Mandatory Tests

This section discusses the conditions and results for testing.
6.1 Test Conditions

Unless otherwise noted, all testing should be performed at:
— room temperature (70 °F £ 10 °F);

— ambient pressure;

— relative humidity of less than 60 %.

6.2 Test Installation

6.2.1 General

The flow computation device and the reference calculator shall receive the same inputs as shown in Figure 1.
The inputs may come from one of several sources:

— Signal Generator
— Transmitters

— User Interface

— Imported File Documents
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TESTING PROTOCOLS—FLOW COMPUTATIONAL DEVICE 3

“Areference spreadsheet has been created for these tests. Neither API nor any of API’'s employees, subcontractors,
consultants, or other assigns make any warranty or representation, either express or implied, with respect to the
accuracy, completeness, or utility of the information contained in the spreadsheet, or assume any liability or
responsibility for any use, or the results of such use, of any information or process disclosed, or represent that
its use would not infringe upon privately owned rights.”

Flow Computer
Under Test

Reference Calculator ﬁ ﬁ ﬁ

l—— /\‘ /T™\
<} 7T\
o

T P dP/f

Calculation Inputs
Figure 1—Flow Computation Device Test Installation
6.2.2 Static Testing

If the flow computation device does not have the ability to override inputs from an integrated secondary device,
then actual inputs shall be used. All inputs for static testing shall be “fixed” at exact values for the span of testing.
Depending on the equipment being used for testing, this may be done in one of two ways. If the flow computation
device allows, the fixed values of the primary variables should be entered directly into the appropriate memory
locations. This method will produce the best results as it eliminates all possible error introduction based on the
hardware elements of a flow computation device (A-D converters, ambient temperature sensitivity, and other
devices).

Alternatively, if fixed entries are not supported or are impractical, the user is permitted to use external devices to
simulate primary variables (dry block, hand pumps) as long as they are certified to have accuracies of at least
twice the flow computation device inputs and are traceable to national standards. When using external sources
for pressure, temperature, differential pressure, frequency or a combination thereof, the user should verify that the
signal from the external source is being transmitted and converted accurately. If this method is being used, then
the manufacturer shall make available a “snapshot” feature that will allow the user to capture the instantaneous
inputs and resulting outputs (including all available intermediate values) for one quantity calculation period of
the flow computation device. This will allow the user to capture exact values entered for testing to offset any
deviations between the ideal fixed values and the actual value.
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6.2.3 Dynamic Testing

For dynamic testing, the setup is similar to static testing, but the inputs for temperature, pressure, and flow input
(differential pressure or frequency) shall be variable.

To determine the ability of the flow computation device to properly calculate and sum volumes over a period,
dynamic flow testing shall be performed.

6.3 Test Results

The calculation outputs of the flow computation device shall be compared with reference calculations performed
independently on the same data sets. The reference used shall be independent in that:

— It shall be agreed upon by all involved parties.
— It shall be performed by a third party or third-party software.

Because the dynamic testing involves the capability of the flow computation device to average over time, the
reference calculation of the total volumes shall be the sum of calculations performed at least once per second.

NOTE The reference calculator spreadsheet uses input data with one second resolution.

6.4 Baseline (Ideal Condition) Testing

Initial tests are performed to set base-line calculations.

6.4.1 Static Testing

The purpose of static testing is to confirm the result of the flow calculations. The result will be one calculation
based on assumed ideal and “fixed” inputs for the primary variables as well as gas composition. Static testing
shall test over the ranges of the applicable standard as well as near and outside the boundary conditions of all the
variables of the applicable standard. If a test causes an error or alarm in the flow computation device, that error
shall be noted in the report. The following static flow computation device tests shall be performed if applicable:
— AGA Report Number 8 and AGA Report Number 5 or GPA 2172, Calculations

— APl MPMS Chapter 14.3, Calculations

Many of the above tests can be performed simultaneously so that testing time can be reduced. Testing should
be performed to the latest edition of the above standards, but it may be tested to any edition. The edition of the
standard that the tests are performed to shall be documented. The required tests are documented in Annex A
and Annex B.

6.5 Dynamic Flow Condition Testing

To determine the ability of the flow computation device to properly calculate and sum volumes over a period,
dynamic flow testing shall be performed.

6.6 Special Testing

If additional testing is required to determine the effect of any other parameter on the performance of a flow
computation device, that parameter may be tested under this protocol. For example, the end user may require
that the calculations are accurate when the flow computation device is exposed to steady vibrations over time,
or when used with other calculations such as ISO 5167, Gross I, Gross Il, NX-19 [, GERG !'2, OIML R137 '],
OIML R140 "7,
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