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INTERNATIONAL STANDARD

1SO 6551-1982 (E)

Petroleum liquids and gases — Fidelity and security of
dynamic measurement — Cabled transmission of electric

and/or electronic pulsed data

0 Introduction

0.1 Quantitative measurements are required at many stages
in production, transportation, refining and marketing -of
petroleum and its products. They form the basis of royalty,
fiscal and custody transfer accounting and provide the means
of stock and loss control.

The use of agreed standardized measurement equipment and
procedures obviates disputes over quantities, enabling these to
be determined with an accuracy mutually acceptable to[all par-
ties to a transaction and at the most economical cost for the
method of measurement selected.

0.2 During the last decade there has been a rapid increase in
the use of electrical or electronic/data-transmission:Systems
designed to facilitate the determination of physical)quantities
such as length, mass, volume, etc.

Such systems can be vulnerable to disturbances arising from
the environment in which they are used, and also from func-
tional failures, all or any of which may affect the integrity of the
resulting measurement.

The purpose of this International Standard is to assist manufac-
turers and users of electrical or electronic pulsed data-
transmission systems used in the metering of fluids to meet cer-
tain criteria for the design, installation, use and maintenance of
such equipment. The object is to establish and maintain the
credibility of indicated data against influences acting to impair
the fidelity of the system.

0.3 This International Standard recommends solutions for
fidelity and security problems which constitute good practice in
this field at this time, but it is not claimed that the recommen-
dations are wholly comprehensive. ’

The recommendations are, however, considered to be prac-
ticable, and to satisfy the immediate needs of industries
associated with meter proving and the metering of hydrocar-

bons and hydrocarbon products in the bulk commercial, royalty
metering, revenue accounting and custody transfer fields in
general.

0.4 Itis not intended that these recommendations should-act
to inhibit technological progress in the industry, and therefore
amendments may be introduced as and when required.

The principles may be applied to the metering of solids.

0.57) Clauses have been included on safety and other precau-
tions that constitute’good practice.

Although-every care is taken to include such clauses wherever
necessary, it is impossible to cover all contingencies. In the
designing of measurement and sampling operations, attention
should also be given. to -general codes of safe practice for
petroleum operations. The operator or other user of this
measurement standard should work according to accepted safe
practices and comply with all relevant regulatory requirements.

0.6 This International Standard is recommended for general
adoption but it must therefore be read and interpreted in con-
junction with legal metrology (weights and measures), safety
and other regulations in force in a particular country in which it
is intended to apply it."

1 Scope and field of application

1.1 General

This International Standard establishes guidelines for ensuring
the fidelity and security of pulsed data cabled transmission
systems utilized for the metering of fluids (see the note), a main
objective being to ensure the integrity of the primary indication
(see 2.2.5).

NOTE — Compliance with the requirements of this International Stan-
dard does not increase the basic precision of measurement, either in
the electrical or electronic section of the system, or in the overall
system which includes the meter(s). )

1) In the case of marine applications, the safety requirements of the appropriate Ship Classification Society will apply. This includes offshore produc-
tion facilities for which a Society has been appointed as the Certifying Authority for the compliance of the installation with official safety standards.
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1.2 Leveis of security

1.2.1 In order to achieve different levels of security (see the
note and clause 3) which can be applied to such systems,
criteria and recommendations for the design, installation, use

and maintenance of the relevant equipment are laid down.

NOTE — The leveis of security are designated E to A, from the iowest
to the highest order of security respectively.

For the majority of applications, the lower levels are considered to be
adequate and at the time of the publication of this internationai Stan-
dard, there is no known system for which Level A security is con-
sidered to be a necessity.

1.2.2 This International Standard does not define which levels
of security are to be used for a particular system application.

1.3 Safety and reguiatory requirements

1.3.1 Regulatory requirements, including those for safety, are
not specifically covered in detail but certain general cautionary
notes on safety are included for guidance (see the note).

NOTE — Compliance with this International Standard in no way
absolves manufacturers and users of systems and equipment
from meeting all relevant legal metrology (weights and measures),
safety and other regulations applicable in the country in which it is
intended to use a system. Special attention is drawn to 0.6 and 0.6 of
the Introduction.

2 Definitions

2.1 In preparing this glossary, the following two principles
have been followed :

a) To select for definition. the minimum of basic terms
used in the text and to apply to them an unequivocal mean-
ing. It is recommended that these standardized terms, as
defined, should be used in the context of the application of
this International Standard.

b) To exclude other terms used in the text which are
adequately defined elsewhere, or the meanings of which are
self-evident.

2.2 For the purpose of this International Standard, the
following definitions shall apply.

2.2.1 fidelity : The exactitude with which the primary indica-
tion reproduces the inherent precision of the measurement.

2.2.2 flow (rate or quantity) transducer : A device for con-
verting the indication of flow (rate or quantity) to a usable out-
put.

2.2.3 totalizer : A device which sums the indications of an
indicating device; it may or may not be resettable to zero
(see 4.4).

2.2.4 noise : Unwanted signals which may impair fidelity,
and which occur for periods exceeding 0,2 s.
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2.2.5 primary indication: The combination of the
transducer(s) output(s), the transmission cabling, the signal
conditioning, processing and scaling, and the indicator with or
without totalizer and their readings, the whole of which pro-
duces the final reference for the transaction.

2.2.6 secondary indication (auxiliary or ancillary indica-
tion) : Any equipment which separately or in combination pro-
vides indication of the quantity measured, but which does not
form part of the primary indication.

2.2.7 security : The state or means of ensuring fidelity. The
degree or level of security given by a minimum basic arrange-
ment, can be increased by additional equipment.

2.2.8 transients : Disturbances having a duration of 0,2 s or

less.

2.2.9 pulse transmitter : A device for converting the output
from a transducer into a pulsed signal of low source impedance
over the full operating frequency range (with pre-amplification
if necessary).

2.2.10. unrevealed error:Any lack of fidelity outside the
prescribed limits_of error, including errors caused by functional
failure and, by external influences.

3 | Levels of security

3.1 O-Designation of security levels

In this International Standard, five levels of security are iden-
tified and designated, of which Level E represents the
minimum acceptable level. Typical examples of these five levels
are shown diagrammatically in figures 1 to 5, and are described
below.

3.1.1 Level E

Error reduction is achieved solely by correctly installed ap-
paratus of good quality.

This is a straightforward scaler totalizer system.

3.1.2 Level D

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. It has the means for checking the read-out
visually against an independent totalizing system.

3.1.3 LevelC

Automatic error monitoring and error indication at specified in-
tervals by methods of comparison.



This level of security is intended to give protection against
functional errors and failures and this may be achieved by
design methods acceptable to an approving authority (if ap-
propriate). The time intervals for error monitoring are subject to
revision in the light of experience gained.

3.14 Level B

Continuous monitoring, error indication and alarm signalling by
methods of comparison.

This level of security is intended to give warning of transients
and other spurious influences, supply borne and radiated, in
addition to functional errors and failures.

3.1.5 Level A

Continuous verification and correction by methods of
comparison. Errors must be signalled even though they are
corrected.

This level of security is intended to give protection against tran-
sients and other spurious influences, supply borne and
radiated, in addition to functional errors and failures.

Flow transducer Transmission

line
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For this level of security, alternative transmission lines follow-
ing two different routes should be provided, together with bat-
teries for back-up power supply.

3.2 General note on security levels

3.2.1 A metering system may comprise sections having the
same or different levels of security. Figures 1 to 5 show typical
functional arrangements of modules required to achieve the
specified levels of security.

3.2.2 In the examples, emphasis has been placed on the
transmission system as this is considered to be the most
vulnerable area of the whole.

3.2.3 Security for the scaler totalizer is not illustrated and is
considered to be acceptable to Level E for the majority of ap-
plications.

It may, however, be considered necessary in some cir-
cumstances to duplicate the scaler and/or the totalizer section.

. 3.2.4 The factors contributing to the integrity of the functions
are considered in clauses 4 to 8.

Module Pulse transmitter // /’ Signal conditioner -t Scaler |—s={ Totalizer
=" _'I 1
I | | High/low flow alarm |
| Preamplifier |
O 4
L _]l L Rate indication |
Flow Supplies low Transmis- Ampilification and Conversion of pulse Quantity
measure- impedance signal sion of frequency range counts to readout readout
ment over full operating signal limiting, pulse shap- units
frequency range (see 6.1 ing, common mode
and 6.2) interference rejection
Function e e
—‘| Alarm if frequency 1
falls outside the set
I Preamplifier limits |
| o -
| | Rate readout |
b _ L J

Figure 1 — Typical functional arrangement for pulse security system

Level E. The diagram illustrates a simple system with no built-in provisions for error monitoring. Only good quality components and sub-units,
correctly installed, will lead to confidence in the security of the system. The use of a pre-amplifier transmitter to drive the transmission line is con-
sidered 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 using the same elements. (Note that the modules and functions shown in full are essential. Those shown dotted

are optional.)



1SO 6551-1982 (E)

Flow transducer

Secondary readout
(permanent or
temporary, local or.
remote)

Module
Flow
measure-
ment
Function

Level D. The diagram 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 monitor the integrity of the transmission and
totalizer elements. It may be less convenient than the provisions of Level C as the system may have to be stopped for readings to be taken. Overall
security is mainly inferred from the performance during the error monitoring period. (Note that the modules and functions shown in full are essential.

Manual comparison
with primary readout
at specified intervals

Transmission
line

~—="""71

— e e e e e

Preamplifier

-
Alarm if frequency
falls outside the set

limits

Pulse transmitter /7 Signal conditioner |- Scaler | Totalizer
________ ————————
Preamplifier | . |
High/low flow alarm |
| I
R ——
Rate indication |
Supplies low Transmis- Amplification and Conversion of pulse Quantity
impedance signals sion of frequency range counts to readout readout
over full operating signal limiting, pulse shap- units
frequency range (see 6.1 ing, common mode
and 6.2) interference rejection

Figure 2 — Typical functional arrangement for pulse security system

Those shown dotted are optional. The modules and functions boxed in double line indicate the difference from Level E).
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Transmission

Channel A"
lines
Flow transducer /7
Pulse transmitter —/f /'—-—— Signal conditioner Scaier Hee—{  Totaiizer
Mo : Preamplifier : : High/low flow alarm |
odule
O — J |
Fm——————- .|
| Rate indication |
Channel “'B” ————— —————
) / / . . Error
Pulse transmitter =4 Signal conditioner [ Comparator s
/ / indication
)
|
‘ Preamplifier :
I 1
Flow Supplies low Transmis- Amplification and Numerical com- Error Conversion of pulse Quantity
measure- impedance signals sion of frequency range parison of pulse indication counts to readout readout
ment over full operating signal limiting, pulse shap- trains automatically units
frequency range (see 6.1 ing, common-mode but not continuously
and;6,2) interferénce/rejection {comiparator,may .be
shared)
Function
| [ M
| | | Alarm if frequency
: | | falls outside the set |
Preamplifier | limits |
| : T
| 1 ’ | Rate readout |
Lo L— ]

Figure 3 — Typical functional arrangement for pulse security system

Level C. The diagram illustrates a dual transmission system with a dual pulse comparator of simple design. If the pulses delivered become numerically
out of step, warning will be given by the comparator (differential counter). Level C security will be defeated by other disturbances dealt with by higher
level security systems, e.g. 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 is carried out periodically, the monitoring equipment may thus be shared with
other metering systems. Level C security is inferred from the results obtained during the monitoring period. (Note that the modules and functions
shown in full are essential. Those shown dotted are optional. The modules and functions boxed in double line indicated the difference from Level D.)
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Channel “A” Transmission
Flow lines
transducer ) Ty . -
Pulse transmitter —-—/ /’———- Signal conditioner Scaler .—1 Totalizer
| = """ |
] | 1
M : Preamplifier : i High/low flow alarm
Module |
R ——— | :_ ________ -
Rate indicator
Channel “B"
I
Pulse transmitter 7/ Signal conditioner Comparator Alarm
r——————— -
1 |
, Preamplifier |
| —— .|
Flow Supplies low Transmis- Amplification and Continuous com- Continuous Conversion of pulse Quantity
measure- impedance signals sion of frequency range parison of pulse error indica- counts to readout readout
ment over full operating signal limiting, pulse shap- trains for number, tion alarm units
frequency range (see 6.1 ing, common mode frequency, phase and
channel “A” and “B" and 6.2) interference rejection sequence
pulses to differ in
Function phase and/or
frequency — " e s e s
Alarm if frequency
falls outside the set
" h limits |
| o I ! 1l T 7
Preamplifier |
| | Rate readout |
L—— I L —_

Level B. The diagram illustrates a dual transmission system with a dual pulse comparator in which the pulse trains are continuously 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. (Note that the modules and functions shown in full are essential. Those shown dotted are optional.

Figure 4 — Typical functional arrangement for pulse security system

The modules and functions boxed in double line indicate the difference from Level C.)
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Channel “A” Transmission
Flow lines
transducer 3 i . L. Comparator and
Pulse transmitter 7 / Signal conditioner | signal analyser Scaler |4 Totalizer
C ] T
: Preamplifier : High/low flow alarm :
Module L e ] : ___________ —
| Rate indicator
Channel “B"” e
: / |/ ) "
Pulse transmitter 7/ Signal conditioner [~ —e=—1  Alarm
===
|
Preamplifier :
__________ J
Flow Supplies low Transmis- Amplification and Continuous com- Indication Conversion of pulse Corrected
measure- impedance signals sion of frequency range parison of pulse of error and counts to readout quantity
ment over full operating signal limiting, pulse-shap- trains for number fre- signal units readout
frequency range (se 6:1 ing; sommon:mode queney, phase-and irregularity
channel “A” and “B"* and 6.2) interference rejection sequence analysis of
puises to differ in pulse validity, selec-
Function phase and/or tion and processing
frequency of valid pulses r———————- -
| Alarm if frequency |
| falls outside the set :
| M limits
| y I b —— -
| Preamplifier | |
| | | Rate readout
L —_——— —_— —

Figure 5 — Typical functional arrangement for pulse security system

Level A. The diagram illustrates a dual transmission system protected both against dynamic faults arising from monitoring of the duplicated pulses
and by static tests of the electrical integrity of the transmission circuits. The system should still operate as a Level E system if one of the transmission
channels fails. An incidental advantage of Level A is its ability to detect some mechanical faults in the transducer. Simultaneous pulses caused by
symmetrical interference are automatically rejected and do not influence the system. 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. (Note that the modules and functions
shown in full are essential. Those shown dotted are optional. The modules and functions boxed in double line indicate the difference from Level B.)
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