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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 prod-
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Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least
every five years. Sometimes a one-time extension of up to two years will be added to this
review cycle. This publication will no longer be in effect five years after its publication date
as an operative API standard or, where an extension has been granted, upon republication.
Status of the publication can be ascertained from the API Standards department telephone
(202) 682-8000. A catalog of API publications, programs and services is published annually
and updated biannually by API, and available through Global Engineering Documents, 15
Inverness Way East, M/S C303B, Englewood, CO 80112-5776.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the Director of the Standards department, American Petro-
leum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to
reproduce or translate all or any part of the material published herein should be addressed to
the Director, Business Services.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards 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 prod-
ucts do in fact conform 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, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2005 American Petroleum Institute



FOREWORD

Chapter 5 of the APl Manual of Petroleum Measurement Standards (AP1 MPMS) provides
recommendations, based on best industry practice, for the custody transfer metering of liquid
hydrocarbons. The various sections of this Chapter are intended to be used in conjunction
with API MPMS Chapter 6 to provide design criteria for custody transfer metering encoun-
tered in most aircraft, marine, pipeline, and terminal applications. The information contained
in this chapter may also be applied to non-custody transfer metering.

The chapter deals with the principal types of meters currently in use: displacement meters,
turbine meters and Coriolis meters. If other types of meters gain wide acceptance for the mea-
surement of liquid hydrocarbon custody transfers, they will be included in subsequent sec-
tions of this chapter.

Suggested revisions to this publication are invited and should be submitted to Measure-
ment Coordination, Exploration and Production Department, American Petroleum Institute,
1220 L Street, N.W., Washington, D. C. 20005.API publications may be used by anyone
desiring to do so. Every effort has been made by the Institute to assure the accuracy and reli-
ability of the data contained in them; however, the Institute makes no representation, war-
ranty, 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
federal, state, or municipal regulation with which this publication may conflict.

Suggested revisions are invited and should be submitted to API, Standards department,
1220 L Street, NW, Washington, DC 20005.
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Chapter 5—Metering

Section 5—Fidelity and Security of Flow Measurement
Pulsed-Data Transmission Systems

5.5.1

The purpose of this publication is to serve as a guide for
the selection, operation, and maintenance of various types of
pulsed-data, cabled transmission systems for fluid metering
systems to provide the desired level of fidelity and security of
transmitted flow pulse data. This publication does not
endorse or advocate the preferential use of any specific type
of equipment or systems, nor is it intended to restrict future
development of such equipment.

Introduction

5.5.2 Scope

The recommendations set forth in this publication are con-
cerned only with the fidelity and security of pulsed-data,
cabled transmission systems between a flow meter or flow
meter transducer and a remote totalizer.

5.5.3 Field of Application

In order to achieve different levels of security that can be
applied to transmission systems, criteria and recommenda-
tions for the design, installation, use, and maintenance of the
relevant equipment are described in this publication. The lev-
els of security are designated E to A from the lowest to the
highest order of security, respectively. Chapter 5 Section 5
does not define which levels of security are to be used for a
particular system application.

5.5.4 Referenced Publications

The current editions of the following API MPMS Stan-
dards contain information applicable to this chapter:

Chapter 1 “Vocabulary”
Chapter 21.2  “Electronic Flow Measurement”
NFPAL
493 Intrinsically Safe Apparatus in Division 1
Hazardous Locations
ISAZ
RP 12.6 Installation of Intrinsically Safe Instrument

Systems in Class 1 Hazardous Locations

INational Fire Protection Association, 1 Batterymarch Park, Quincy,
Massachusetts, 02169. www.nfpa.org.

2The Instrumentation, Systems, and Automation Society, 67 Alex-
ander Drive, Research Triangle Park, North Carolina, 27709.
WWW.isa.org.

5.5.5 Definitions

See APl MPMS Chapter 1, “Vocabulary,” for additional
definitions.

5.5.5.1 fidelity: is defined as the exactitude with which
the primary indication reproduces the inherent precision of
the measurement.

5.5.5.2 methods of comparision (as used in Levels
A through D): is the determination of the fidelity of primary
indication by use of a redundant, alternate, or secondary
source to verify the desired level of security.

5.5.5.3 noise: is unwanted signals that may affect fidelity
and which occur for periods exceeding 0.2 seconds.

5.5.5.4 scaler: is an electronic device that accepts flow
pulses representing arbitrary volume or mass increments and
outputs flow pulses scaled to represent more useful volume or
mass increments, 1 pulse per barrel for example.

5.5.5.5 transients: are disturbances having a duration of
0.2 seconds or less.

5.5.6 Levels of Security

Five levels of security protection are identified and desig-
nated, of which Level E represents the minimum acceptable
level. Typical examples of these five levels are shown dia-
grammatically in Figures 1 through 5. A metering system
may comprise sections having the same or different levels of
security protection, where the outputs are used for different
purposes. Figures 1 through 5 show typical functional
arrangements of modules required to achieve the specified
levels of security. These function modules may be housed
separately or in combination.

In the examples, emphasis has been placed on the trans-
mission system because this is considered the most vulnera-
ble area of the whole. Fidelity and security for scaler and
totalizer are not illustrated and are considered to be accept-
able to Level E for the majority of applications. It may, how-
ever, be considered necessary in some circumstances to
duplicate the scaler and/or totalizer section.

55.6.1 LEVELE

Error reduction at Level E is achieved solely by correctly
installed apparatus of good quality. This is a straightforward
totalizer system. Figure 1 illustrates a simple system with no
built-in provisions for error monitoring. Only good quality
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components and subunits, correctly installed, will lead to con-
fidence in the security of the system. The use of a preampli-
fier transmitter to drive the transmission line is considered
beneficial for the majority of applications, as is the provision
of signal conditioning. The system, though simple, does not
differ in hardware quality from more secure systems that use
the same elements.

556.2 LEVELD

A Level D system consists of manual error monitoring at
specified intervals by methods of comparison. This level of
security is intended to give protection against functional
errors and failures and is a method of verification by manual
action. The readout can be visually checked against an inde-
pendent totalizing system.

Figure 2 illustrates a simple system with means of making
a periodic manual assessment of security. The secondary
readout may be permanent or temporary, local or remote.
Manual comparison made during a periodic check will moni-
tor the integrity of the transmission and totalizer elements. It
may be less convenient than provisions of Level C, as the sys-
tem may have to be stopped for readings to be taken. Overall
security is mainly inferred from the performance during the
error monitoring period

55.6.3 LEVELC

A Level C system consists of automatic error monitoring
and error indication at specified intervals by methods of com-
parison. This level of security is intended to give protection
against functional errors and failures and may be achieved by
design methods. The time intervals for error monitoring may
be subject to revision in the light of experience gained. Figure
3 illustrates a dual transmission system with a dual pulse
comparator of simple design. If the pulses delivered become
numerically out of a step, warning will be given by the com-
parator (differential counter). Level C security will be
defeated by other disturbances dealt with by higher level
security systems. For example, simultaneous interference
superimposed on both channels will not be detected because a
numerical difference between channels is not caused. It is
intended that this form of error monitoring be carried out
periodically; the monitoring equipment may thus be shared
with other metering systems.

Level C security is inferred from the results obtained dur-
ing the monitoring period.

556.4 LEVELB

Level B consists of continuous monitoring, error indica-
tion, and alarm signaling by methods of comparison. This
level of security is intended to give warning of transients and
other spurious influences, in addition to functional errors and

failures. Figure 4 illustrates a dual transmission system with
dual pulse comparator in which the pulse trains are continu-
ously monitored for number, frequency, phase, and sequence
and any irregularity is indicated. Simultaneous interfering
pulses must be detected and indicated. Alarm is given if
pulses are lost or gained on either channel. It may not be pos-
sible to determine if pulses are lost on a channel or gained on
the other channel.

55.6.5 LEVELA

Level A consists of continuous verification and limited
correction by methods of comparison. This level of security is
intended to give protection against transients and other spuri-
ous common mode influences, in addition to functional errors
and failures. Figure 5 illustrates a dual transmission system
protected against both dynamic faults arising from monitor-
ing the duplicated pulses and by static testing the electrical
integrity of the transmission circuits. The system should still
operate as a Level E system if one of the transmission chan-
nels fails. An incidental advantage of Level A is its ability to
detect some mechanical faults in the transducer. Simulta-
neous pulses caused by symmetrical interference are auto-
matically rejected and do not influence the system. Other than
a complete failure of one of the transmission channels, no
attempt is made to automatically compensate for lost or
gained pulses on either transmission channel. Alarm will be
given in all circumstances when impaired pulses are received
by the comparator. It may be desirable to provide redundancy
in one or all of the elements shown.

5.5.7 System Design Considerations
5.5.7.1 GENERAL DESIGN CRITERIA

The most important consideration is to prevent the occur-
rence of spurious pulses rather than rely upon the provision of
verification circuitry to provide protection against the results
of false measurement. The design approach shall, therefore,
take into account the noise environment. Poorly designed
units and inadequate regard for noise pick-up can seriously
influence the performance of the equipment. Low-level high-
impedance signals become attenuated by line losses, and the
overall signal-to-noise ratio can further be impaired by the
greater probability of noise in longer lines. A secure and reli-
able pulsed-data transmission system will be achieved most
readily by concentrating on the elimination of error sensitive
elements. Addition of dual circuits or other techniques aimed
at increasing security will guard against influences that are
beyond the control of the designer.

As a precaution, suppliers of signal processing equipment
should be advised of radio frequencies used in close proxim-
ity so radio frequency interference immunity can be investi-
gated.
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5.5.7.2 TOTALIZERS
5.5.7.2.1 Primary Totalizer

Accurate and secure measurement requires that the value
of the totalizer count cannot be impaired during normal deliv-
ery operations. The use of such a counter is mandatory for
custody transfer and revenue accounting systems, and is rec-
ommended for all other non-custody and check meter sys-
tems. In custody transfer electronic flow measurement
systems, the primary totalizer is contained in the Tertiary
device as described in APl MPMS Chapter 21. It shall be
non-resettable during normal delivery operations, but can be
reset by authorized personnel for the purposes of mainte-
nance or commissioning of equipment. Security and audit
trail requirements of the primary totalizer are covered in API
MPMS Chapter 21.

5.5.7.2.2 Secondary Indication

Where it is acceptable to the parties concerned in a transac-
tion, ancillary devices need not have as high a degree of secu-
rity protection as the primary indication. However, such
devices should be given basic approval as part of an overall
approval and should be compatible with it. Representative
secondary indicators include a counter directly driven by a
flow meter, an electromechanical counter, or an electronic
counter equipped with a standby battery.

5.5.7.3 TYPICAL CAUSES OF ERROR

Typical causes of error which should be taken into consid-

eration are as follows:
1. Electromagnetic interference.

Transients.
Power supply variations and/or interruption.
Inadequate signal level as a result of line loss.
Common-mode noise induced in cabling.
Series-mode noise induced in cabling.
Noise introduced from ground loop problems.
. Excessive gain and frequency response of the system
elements.
9. Spurious signals induced from other meters sharing the
same multicore cable.
10. Short circuit or open circuit of conductor pair or short
circuit of either conductor to ground or shield.
11. Bad connections, temperature variations and
extremes, vibration shock, and adverse environmental
conditions.

NG~ WN

5.5.7.4 SIGNAL PRE-AMPLIFIERS

A signal pre-amplifier should be introduced into the trans-
mission system at the transducer, if transmission distance or
manufacturer's requirements so dictate.

5.5.7.5 STANDBY POWER SUPPLY

Where a power interruption could result in a significant
error in measurement, provision for an uninterruptible power
supply should be considered.

5.5.7.6 TEST REQUIREMENTS

Careful consideration should be given to the form of tests
to be applied to the electronic system for fidelity and security
purposes. The tests should take into account the major envi-
ronmental hazards that experience shows are likely to be
encountered on site.

5.5.7.7 GENERAL PRECAUTIONS

The gain and frequency response of the system elements
should be restricted to that required by the application. Sensi-
tivity controls on pre-amplifiers, scalers, and others shall not
be capable of unauthorized adjustment. The totalized pulse
counts existing at the time of any power failure shall be
retained. Cable pairs and the instrument input circuit shall be
protected from excessive transient voltages or currents as
well as electrical storms.

5.5.8 Installation
5.5.8.1 SIGNAL AMPLITUDE

The following points shall be observed so that the signal
amplitude from the transducer to the receiver can be main-
tained at a high level. The installation recommendations spec-
ified by the manufacturers shall be carefully followed, while
complying fully with statutory requirements and/or safety
codes. The length of transmission lines from the meter to the
readout equipment shall be held to a minimum. The appropri-
ate signal transmission cables shall be used. The supply volt-
ages to preamplifiers and constant amplitude pulse generating
systems shall be checked to ensure that they are of proper
magnitude and do not exceed noise or ripple maximums as
specified by the equipment manufacturer.

5.5.8.2 SIGNAL-TO-NOISE RATIO

The following points should be observed so that the signal-
to-noise ratio can be optimized. Only shielded transmission
cable of the proper material, size, and number of conductors
shall be used.

Individual twisted shielded pairs afford the maximum pro-
tection against noise. Helical lay cables are acceptable for
many installations. Parallel lay cables should be avoided. The
shield of a transmission cable should be grounded at one
point only, to prevent formation of ground loops.

A continuous run of transmission cables should be used
whenever possible. Where joints are unavoidable, continuity
of the shield shall be assured. Joints should be encapsulated
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to maintain the electrical specifications and security of the
cable.

When multi-readout devices are used and wired in parallel,
shielded cables should be used for connecting wiring.

The data transmission lines should not share a conduit with
anything other than shielded cables or cables from direct cur-
rent temperature sensors. If the maximum electrical power
carried by any one transmission cable is ten or more times
greater than the minimum power carried by any flowmeter
signal data transmission cable, separate conduits should be
provided. In the event that separate conduits are not feasible,
additional cable shielding should be incorporated and circuits
tested to verify necessary fidelity of signals. Data transmis-
sion cables should not be run in parallel with power cables.
When this is not possible the cables should be sufficiently
spaced to prevent interference or be adequately shielded.

If it is necessary for transmission cables and power cables
to cross, this should be at right angles whenever possible.
When transmission cables are run in ducts or inside control
cabinets, every attempt should be made to keep the shielded
cable bundle intact and separate from other conductors. All
spare transmission cable and conductors that are run in a con-
duit with an active transmission line should have the shield
and conductors grounded at the same single point as the
active line.

The grouping of cables to intrinsically safe devices with
other current-carrying cables requires special consideration in
hazardous areas, and governing regulations must be followed.
Typical references are NFPA 493, Intrinsically Safe Appara-
tus in Division 1 Hazardous Locations, and ISA RP 12.6,
Installation of Intrinsically Safe Instrument Systems in Class |
Hazardous Locations.

5.5.8.3 COMMISSIONING
5.5.8.3.1 General

Before commissioning an installation, the commissioning
engineer shall ensure:

a. Correct mechanical installation of the equipment.

b. A satisfactory electrical installation, with particular atten-
tion to the weatherproofing of the electrical devices,
especially the field junction boxes.

c. Satisfactory wiring, in compliance with applicable stan-
dards and electrical safety codes.

5.5.8.3.2 Testing

The commissioning of different types of systems will
demand different procedures, which shall be clearly defined
by the manufacturers. Many manufacturers are able to pro-
vide relatively simple equipment for testing individual parts
of a system after installation, and the initial testing and cali-

bration of the equipment can often and conveniently be car-
ried out before an attempt is made to check the whole system.
Typical electrical test apparatus, would include an oscillo-
scope and pulse generator The pulse generator used should be
capable of emulating the pulse term of the particular type of
transducer being substituted. Such equipment must be of a
type which is electrically safe for the environment in which it
is to be used.

The preferred test method consists of injecting a known
number of test pulses into a transmission system at the flow
transmitter connections. This test signal should have a
strength of not more than 50 percent at the normal transmitter
signal and consist of at least 100,000 pulses. If redundant
transmission channels are used, the phase difference between
the two pulse trains must fall within the phase tolerance spec-
ified by the manufacturer of the flow transmitter. The test sig-
nal shall be monitored by the installed receiving apparatus,
and the number of pulses registered must be equal to the
number transmitted.

A test can also be conducted by injecting a pulse train of
known frequency into the transmission system. This test sig-
nal should have a strength of not more than 50 percent of the
normal transmitter signal. If redundant transmission channels
are used, the phase difference between the two pulse trains
must fall within the phase tolerance specified by the manu-
facture of the flow transmitter. The test signal shall be moni-
tored by the installed receiving apparatus. The indicated
frequency should match the transmitted frequency to an accu-
racy of +/- 0.01 percent. This second test method is less pre-
cise than the preferred test method because it introduces the
additional uncertainties of the signal generator and receiving
apparatus time-bases and display readout resolutions. Inject-
ing the test signal in place of the normal transmitter signal
also means that the pulse frequency generator could be oper-
ated in extreme operating environments with the potential of
introducing stability and drift errors.

Tests should be performed at two conditions that represent
the maximum and minimum flows between which the meter
normally operates, except during startup and shutdown.

5.5.9 Inspection and Maintenance

5.5.9.1 NEED FOR INSPECTION AND
MAINTENANCE

It is essential that regular inspection and maintenance of all
apparatus, systems, and installations (including cable conduit
and the like) is carried out with competent personnel accord-
ing to a schedule that has been agreed upon after consultation
between the manufacturers, their agents, and the users. It
should be noted that an apparently correct functional opera-
tion of a system does not necessarily ensure compliance with
the selected level or levels of security.
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5.5.9.2 GUIDELINES
5.,5.9.2.1 General

All normal precautions relating to safety must be taken into
account, especially those pertaining to work in hazardous
atmospheres. Although production or other operational
requirements should be considered, these should not result in
the postponement of essential inspection, maintenance, or
repairs. Following any repairs, adjustments or modifications,
those parts of the installation that have been disturbed should
be checked for compliance with the system specification by
testing the integrity of the pulse transmission channels as
described in 5.5.8.3.2.

5.5.9.2.2 Ground Continuity

Unless special ground fault protection is employed, the
ground path impedance of each circuit should be low enough
to permit the passage of a current at least three times the cur-
rent rating of the circuit fuse or protective device.

All grounding connections (including those of any supple-
mentary grounding conductors) shall be checked to ensure
that they are clean and tight, and the ground path impedance
associated with each item of apparatus shall be measured
when the system is commissioned, and at appropriate inter-
vals thereafter as determined by system performance (i.e. a
poor ground is likely to degrade system performance and
cause alarms and warnings to occur). Ground path impedance
measurements shall be made as follows, depending upon the
area classification and the results of any necessary certifica-
tion testing by the responsible authority. If there is no likeli-
hood of a flammable atmosphere being present, impedance
measurements shall be made at current of not less than 15
amperes.

When there is any risk of a flammable atmosphere being
present, impedance measurements shall be made with an
intrinsically safe continuity tester. It must be appreciated,

however, that in the case of these instruments, because of the
very low current level involved, no indication can be given at
the current carrying capacity of the circuit under test. Further-
more, the tests can be adversely affected by stray current.
Grounding continuity does not guarantee the effectiveness of
cable shielding.

5.5.9.2.3 Protective Devices

At commissioning of the system and at appropriate inter-
vals thereafter, as determined by system performance, all pro-
tective devices (such as alarms, trips, and standby equipment)
shall be examined and, if considered necessary, tested to
ensure that equipment is operating at design settings.

5.5.9.2.4 Outside Interference

Checks should be made to ensure that no additional extra
apparatus having the potential to interact with the pulse data
transmission system has been installed in the vicinity of the
system. If such apparatus has been installed since the last
inspection, then the system shall be tested to ensure that no
signal is induced into the system by the adjacent apparatus.

5.5.9.2.5 Records

A system shall be established to record the results of
inspections and tests for all apparatus, systems, and installa-
tions and the details of corrective actions taken. The records
shall include details of all modifications. additions, or dele-
tions, none of which are to be made without prior permission.

55.9.2.6 Spares

Vital spares, according to the manufacturers' recommenda-
tions, should be readily available for the correct maintenance
of equipment.
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Figure 4—Typical Functional Arrangement for a Level B Pulse Security System
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Figure 5—Typical Functional Arrangement for a Level A Pulse Security System
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