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SPECIAL NOTES

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

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

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 pro.*-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn ot 1 ast
every five years. Sometimes a one-time extension of up to two years will be adac to tiis
review cycle. This publication will no longer be in effect five years after its nub.’cat-on date
as an operative API standard or, where an extension has been granted, .ton \ >publication.
Status of the publication can be ascertained from the API Standards depai »<nt telephone
(202) 682-8000. A catalog of API publications, programs and se.vice s is published annually
and updated biannually by API, and available through Global Eng’ icciing Documents, 15
Inverness Way East, M/S C303B, Englewood, CO 80112-577".

This document was produced under API standardiza*ion ~roc>“ures that ensure appropri-
ate notification and participation in the developmental pi>ces. and is designated as an API
standard. Questions concerning the interpretation ¢t the cuntent of this standard or com-
ments and questions concerning the procedures unac+ v hich this standard was developed
should be directed in writing to the Director of the Standards department, American Petro-
leum Institute, 200 Massachusetts Aveprue, NW, Washington, DC 20001. Requests for
permission to reproduce or translate all o1 ain, part of the material published herein should
be addressed to the Director, Business . 2rvices.

API standards are published to fa iita e the broad availability of proven, sound engineer-
ing and operating practices. T} esc ztandards are not intended to obviate the need for apply-
ing sound engineering judgmet regarding when and where these standards should be
utilized. The formulaticii «1d publication of API standards is not intended in any way to
inhibit anyone from vsir._ an’ other practices.

Any manufacture: marking equipment or materials in conformance with the marking
requirements of an AP1 standard is solely responsible for complying with all the applicable
requirements of ‘hat standard. API does not represent, warrant, or guarantee that such prod-
ucts do i7-""act conte m to the applicable API standard.

All rights reserved. No part of this work may be reproduced, 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, Washington, DC 20001.

Copyright © 2003 American Petroleum Institute
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FOREWORD

Chapter 4 of the Manual of Petroleum Measurement Standards was prepared as a guide
for the design, installation, calibration, and operation of meter proving systems used by the
majority of petroleum operators. The devices and practices covered in this chapter may not
be applicable to all liquid hydrocarbons under all operating conditions. Other types of prov-
ing devices that are not covered in this chapter may be appropriate for use if agreed upon by
the parties involved.

The information contained in this edition of Chapter 4 supersedes the information con-
tained in the previous edition (First Edition, May 1978), which is no longer in print. It also
supersedes the information on proving systems contained in API Standard 1101 Measure-
ment of Petroleum Liquid Hydrocarbons by Positive Displacement Meter (First Edition,
1960); API Standard 2531 Mechanical Displacement Meter Provers; APl Standard 2557
Metering Viscous Hydrocarbons; and API Standard 2534 Measurement of Liquid Hydrocar-
bons by Turbine-meter Systems, which are no longer in print.

This publication is primarily intended for use in the United States and is relateu “2 ‘he
standards, specifications, and procedures of the National Institute of Standards and Technc -
ogy (NIST). When the information provided herein is used in other countries tho sr:cifica-
tions and procedures of the appropriate national standards organizations ay «sply. Where
appropriate, other test codes and procedures for checking pressure and elec. ‘cal equipment
may be used.

For the purposes of business transactions, limits on error or me. surcment tolerance are
usually set by law, regulation, or mutual agreement between ¢ Hntrasting parties. This publi-
cation is not intended to set tolerances for such purpnses, it ioZatended only to describe
methods by which acceptable approaches to any desired a.~urazy can be achieved.

Chapter 4 now contains the following sections:

Section 1, “Introduction”

Section 2, “Displacement Provers”

Section 4, “Tank Provers”

Section 5, “Master-m~ter Prc sers”

Section 6, “Pulse "iutc poia.don”

Section 7, “Field-t “ind:.rd Test Measures”
Section 8, “C ve1. tion of Proving Systems”
Section ¢, “Cz'ibration of Provers”

API publications may oe .sed vy anyone desiring to do so. Every effort has been made by
the Institute to assure the ‘ccrracy and reliability of the data contained in them; however, the
Institute makes no rey “esentation, warranty, or guarantee in connection with this publication
and hereby exn ess. ’ disclaims any liability or responsibility for loss or damage resulting
from its use or o the violation of any federal, state, or municipal regulation with which this
publicati<. may cou.lict.

Jugg sted revisions are invited and should be submitted to API, Standards
depar.men., 200 Massachusetts Avenue, NW, Washington, DC 20001.


https://www.stdhive.com/standards/api-mpms-chapter-42-r2022-pdf/



https://www.stdhive.com/standards/api-mpms-chapter-42-r2022-pdf/

CONTENTS

Page

I INTRODUCTION. . .ottt e e e e e e e 1

Ll S0P - ettt 1

1.2 Displacement Prover Systems. .. ...t 1

1.3 Definition of Terms . . .. .. ...ttt 1

1.4 Referenced Publications ........... ... ... . ... . .., 2

2 GENERAL PERFORMANCE CONSIDERATIONS. . ...t .. 2

2.1 Repeatability and Accuracy. .. ...t L2

2.2 BaseProver Volume. ......... ... ... ... ..z

23 Valve Seating . . . ..o ottt 2

24  Flow Stability. . ... ..ot e 2

2.5 Freedom from Hydraulic Shock ......... ... ... . ... ... .. ... ..., 2

2.6  Temperature Stability. . ... ... ... .. e 2

2.7 Pressure Drop Across the Prover. ...................... B W MR 3

2.8 MeterPulse Train. .. ... e 3

2.9 DEECIOTS . . e vttt ettt e e 3

3 GENERAL EQUIPMENT CONSIDERATIONS .... ... ... . .. 3

3.1 Materials and Fabrication ............. .. .0 3

3.2 Internal and External Coatings ....... ... ... W 3

3.3  Temperature Measurement . ... ..... ... iu e enn e, 3

3.4  Pressure Measurement. . . ... ..vuu ittt e 3

3.5 Displacing Devices . .. ... 4

3.6 ValVeS. . . 5

3.7 CONNECHONS . . . .ottt et e e e s e e e e e e e e e e e e 5

3.8 Detectors ...........¢.. N e e 5

3.9 Peripheral Equipmen’ . ... .. 6

3.10 Unidirectional SPherc Proners. . . ..o vttt e 6

3.11 Unidirectional FistcxProvers ........ ... . i, 8

3.12 Bidirectionai Solrre Provers. .. ... ... 9

3.13 Bidirectivna Piston Provers .......... .. ... . ... 9

4 DESIGN O:' DISPLACEMENT PROVERS. ... . ... o 11

4.1 Initte! Considerations. . . ... ...ttt 11

4.2 DLosizn Accuracy Requirements ... ... 12

73 Dimuasions of a Displacement Prover ................................. 13

S0 LUSTALLATION . oo e e e 18

5.1 General Considerations . . .. ...ttt 18

52 ProverLocation . ............ ..o 19

APPENDIX A ANALYSIS OF SPHERE POSITION REPEATABILITY ........... 21

APPENDIX B EXAMPLES OF PROVERSIZING . ... ... 27
APPENDIX C A PROCEDURE FOR CALCULATING MEASUREMENT

SYSTEM UNCERTAINTY . .. ..ot 35

APPENDIX D TYPICAL DISPLACEMENT PROVER DESIGN CHECK LIST ...... 39

APPENDIX E EVALUATION OF METER PULSE VARIATIONS ............... 45

APPENDIX F PROVERSPHERESIZING ............o ... 47


https://www.stdhive.com/standards/api-mpms-chapter-42-r2022-pdf/

Page

Figures
1 Typical Unidirectional Return-type Prover System . ......................... 7
2 Piston Type Prover with Shaft and Optical Switches. ........................ 8
3 Typical Bidirectional U-type Sphere Prover System . ...................... 10
4 Typical Bidirectional Straight-type Piston Prover System.................... 11
5 Pulse Train TYPeS . . o oo ottt e e e e 13
A-1 Diagram Showing the Relationship Between Sphere Position Repeatability
and Mechanical Detector Actuation Repeatability. .. ....................... 21
A-2 Sphere versus Detector Relationship at Various Insertion Depths for a 12 in.
Prover with a 0.75 in. Diameter Detector Ball . . . .......................... 25
A-3 Prover Length versus Detector Repeatability at Various Insertion Depths for a
12 in. Unidirectional Prover with a 0.75 in. Diameter Detector Ball. . . ........ " 5
Tables
C-1 Range to Standard Deviation Conversion Factors . ............ e .35
C-2 Student ¢ Distribution Factors for Individual Measurements. . .............. 36

C-3 Estimated Measurement Uncertainty of the System at the 95™, Co. fidence
Level for Data that Agree within a Range of 0.05% .........~........... 36


https://www.stdhive.com/standards/api-mpms-chapter-42-r2022-pdf/

Chapter 4—Proving Systems

Section 2—Displacement Provers

1 Introduction

This document, including figures, graphs and appendices
addresses displacement provers. It includes provers that were
commonly referred to as either “conventional” pipe provers
or “small volume” provers. “Conventional” pipe provers
were those with sufficient volume to accumulate a minimum
of 10,000 whole meter pulses between detector switches for
each pass of the displacer. “Small volume” provers were
those with insufficient volume to accumulate a minimum of
10,000 whole meter pulses between detector switches for
each pass of the displacer.

Displacement provers may be straight or folded in the form
of a loop. Both mobile and stationary provers may be con-
structed in accordance with the principles described in this
chapter. Displacement provers are also used for pipelines in
which a calibrated portion of the pipeline (straight, U-shaped,
or folded) serves as the reference volume. Some provers are
arranged so that liquid can be displaced in either direction.

When using a displacement prover the flow of liquid is not
interrupted during proving. This uninterrupted flow permits
the meter to be proved under specific operating conditions
and at a uniform rate of flow without having to start and sto)>.

The reference volume (the volume between detec.ois)
required of a displacement prover depends on suck i ~to.2 as
the discrimination of the proving counter, the repe2abi’ity of
the detectors, and the repeatability requirec oi the proving
system as a whole. At least 10,000 whe'e n.=ter pulses are
required for Meter Factors (MFs) derve to « resolution of
0.0001. The relationship between the .ow 1ange of the meter
and the reference volume must alsc be taken into account. For
provers that do not accumula e a minimum of 10,000 whole
meter pulses between detector. for each pass of the displacer,
meter pulse discrimin~*ion using pulse interpolation tech-
niques is required (s¢- APy MPMS Chapter 4.6).

1.1 SCOPE

This c¢hapte utlines the essential elements of provers that
do, ar. ! alsc do rot, accumulate a minimum of 10,000 whole
maws puaics between detector switches, and provides design
a. 1 ins.allation details for the types of displacement provers
“nat ure currently in use. The provers discussed in this chapter
are designed for proving measurement devices under dynamic
operating conditions with single-phase liquid hydrocarbons.
These provers consist of a pipe section through which a dis-
placer travels and activates detection devices before stopping
at the end of the run as the stream is diverted or bypassed.

1.2 DISPLACEMENT PROVER SYSTEMS

All types of displacement prover systems operate or. the
principle of the repeatable displacement of a Inown voic.ne
of liquid from a calibrated section of pipe be wec.» two detec-
tors. Displacement of the volume of liquid.is achieved by an
oversized sphere or a piston traveling through *he pipe. A cor-
responding volume of liquid is simuli aeou:lv measured by a
meter installed in series with the prover.

A meter that is being proved 'n a continuous-flow basis
must be connected at the time vfr -oof to a proving counter.
The counter is started and stop>ed wiien the displacing device
actuates the two detectars a. the ends of the calibrated section.

The two types ¢* con ‘nuous-flow displacement provers
are unidirectional and v irectional. The unidirectional prover
allows the «.'sp. acer to travel in only one direction through the
proving sectio. ana has an arrangement for returning the dis-
placer tc its starting position. The bidirectional prover allows
tii> dinlace, to travel first in one direction and then in the
othe. by ieversing the flow through the displacement prover.

Both unidirectional and bidirectional provers must be con-
scmicted so that the full flow of the stream through a meter
being proved will pass through the prover. Displacement
provers may be manually or automatically operated.

1.3 DEFINITION OF TERMS

Terms used in this chapter are defined below.

A prover pass is one movement of the displacer between
the detectors in a prover.

A prover round trip refers to the forward and reverse
passes in a bidirectional prover.

A prover run is equivalent to a prover pass in a unidirec-
tional prover, a round trip in a bidirectional prover, or a group
of multiple passes.

A meter proof refers to the multiple prover runs for pur-
poses of determining a MF.

Interpulse deviations refer to random variations
between meter pulses when the meter is operated at a con-
stant flow rate.

Interpulse spacing refers to the meter pulse width or
space when the meter is operated at a constant flow rate.

Pulse rate modulation refers to a consistent variation in
meter pulse spacing when the meter is operated at a constant
flow rate.

Pulse stability (Ps) refers to the variations of time
between meter pulses.

A proving counter is a device that counts the pulses
from the meter during a proving run.
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