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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Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 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 Measurement Coordination Department 
[telephone (202) 682-8000]. A catalog of API publications and materials is published annu-
ally and updated quarterly by API, 200 Massachusetts Avenue, NW, Washington, DC 
20001.

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 Measurement Coordination Department, 
American Petroleum Institute, 200 Massachusetts Avenue, NW, 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.

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, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Copyright © 1998 American Petroleum Institute
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FOREWORD

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 federal, state, or municipal regulation with which this 
publication may conflict.

This standard is under the jurisdiction of the API Committee on Petroleum Measurement, 
Subcommittee on Liquid Measurement. This standard shall become effective January 1, 
1999, but may be used voluntarily from the date of distribution. Suggested revisions are 
invited and should be submitted to the Measurement Coordinator, American Petroleum Insti-
tute, 200 Massachusetts Avenue, NW, Washington, DC 20001.
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1

 

Chapter 21—Flow Measurement Using Electronic Metering Systems
 Section 2—Electronic Liquid Volume Measurement Using Positive

Displacement and Turbine Meters

 

1 Scope

 

1.1 GENERAL

1.1.1

 

This standard provides guidance for effective utiliza-
tion of electronic liquid measurement systems for custody
transfer measurement of liquid hydrocarbons:

a. Within the scope and field of application of API 

 

MPMS

 

Chapter 12.2.
b. Which are single-phase liquids at measurement conditions.
c. For systems utilizing turbine or positive displacement
meters.
d. For systems using on-line 

 

CTL

 

 and 

 

CPL

 

 compensation.

 

1.1.2

 

The procedures and techniques discussed in this doc-
ument are recommended for use with new measurement
applications. Liquid measurement using existing equipment
and techniques not in compliance with this standard may
have a higher uncertainty than liquid measurement based on
the recommendations contained in this document.

 

1.2 ELECTRONIC LIQUID MEASUREMENT (ELM)

 

The term “electronic liquid measurement,” or ELM, will be
freely used throughout this document to denote liquid mea-
surement using electronic metering systems. (Also see 3.20.)

 

2 Referenced Publications

 

 If the wording of this document conflicts with a referenced
standard, the referenced standard will govern.

API 

 

Manual of Petroleum Measurement Standards

 

Chapter 1 “Vocabulary”
Chapter 4 Section 2 “Conventional Pipe Provers”
Chapter 4 Section 3 “Small Volume Provers”
Chapter 4 Section 6 “Pulse Interpolation”
Chapter 5 Section 2 “Measurement of Liquid Hydro-

carbons by Displacement Meters”
Chapter 5 Section 3 “Measurement of Liquid Hydro-

carbons by Turbine Meters”
Chapter 5 Section 4 “Accessory Equipment for Liquid

Meters”
Chapter 5 Section 5 “Fidelity and Security of Flow

Measurement Pulsed-Data Trans-
mission Systems”

Chapter 7 Section 2 “Dynamic Temperature Determi-
nation”

Chapter 9 “Density Determination”

Chapter 11 “Physical Properties Data”
Chapter 12 Section 2 “Calculation of Petroleum Quanti-

ties Using Dynamic Measurement
Methods and Volume Correction
Factors”

Chapter 13 “Statistical Aspects of Measuring
and Sampling” 

Chapter 14 Section 6 “Continuous Density Measurement”
Chapter 21 Section 1 “Electronic Gas Measurement”

RP 500

 

Classification of Locations for
Electrical Installations at Petro-
leum Facilities Classified as Class
1, Division 1 and Division 2

 

ASTM

 

1

 

D5002

 

Test Methods for Density and Rel-
ative Density of Crude Oil by Dig-
ital Density Analyzer

 

3 Definitions and Symbols

 

3.1 INTRODUCTION

 

 The purpose of these definitions is to clarify the terminol-
ogy used in the discussion of this standard only. The defini-
tions are not intended to be an all-inclusive directory of terms
used within the measurement industry, nor are they intended
to conflict with any standards currently in use.

 

3.2 WORDS AND TERMS

3.3 accounting period:

 

 A duration of time usually of
fixed length, such as a day or week, or the period of time
required to transfer all or part of a batch.

 

3.4 analog to digital (A/D) converter:

 

 A signal proces-
sor that converts electrical analog signals to a corresponding
digital number.

 

3.5 accuracy:

 

 The extent to which the results of a calcu-
lation or the readings of an instrument approach the true
value.

 

3.6 audit trail:

 

 The record of an electronic liquid measure-
ment (ELM) system containing verification or calibration
measurements for all tertiary and secondary devices, actual
specifications for the primary device, constant values, times
and dates of any changes affecting reported volumes and all
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documentation required under audit and reporting require-
ments; it may also include identification of those making the
changes. The audit trail may consist of single or multiple
records in electronic or hard copy form.

 

3.7 batch:

 

 A discrete shipment of commodity defined by
volume, accounting time interval, or quality.

 

3.8 calibration:

 

 The testing and adjustment of an ELM
system or system components to conform with traceable ref-
erence standards to provide accurate values over the ELM’s
prescribed operating range.

 

3.9 calibration span:

 

 The difference between the cali-
brated maximum and minimum range limits.

 

3.10 certified equipment:

 

 Equipment whose perfor-
mance 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 Conform-
ance) stating the traceability. 

 

3.11 combined correction factor (

 

CCF

 

):

 

 A factor that
combines two or more correction factors that may include a
correction for the effect of temperature on liquid (

 

CTL

 

), a cor-
rection for the effect of pressure on liquid (

 

CPL

 

), a meter fac-
tor (MF), and others. The intent of CCF is to limit the effects
of rounding and truncation errors in volume measurement
and proving calculations. See API MPMS Chapter 12.2 for
further discussion.

3.12 composite meter factor (CMF): A factor that
combines a meter factor along with a correction for the com-
pressibility of the fluid between normal operating pressure
and base pressure. A composite meter factor may be used for
meter applications where the pressure is considered constant
during the ticket period.

3.13 configuration log: A record that contains and iden-
tifies all selected flow parameters used in the generation of a
quantity transaction record.

3.14 contract day: A time period of 24 consecutive hours
beginning at the time specified in the contract, except for days
which have been adjusted for Daylight Savings Time.

3.15 date period: The specific year, month, and day
logged at the beginning or completion of the quantity transac-
tion record.

3.16 densitometer: A transducer and associated signal
conditioning equipment that are used to convert the density of
a fluid to an electronic signal.

3.17 digital to analog (D/A) converter: A signal pro-
cessor that converts digital numbers to corresponding electri-
cal analog signals.

3.18 downstream electronic device: Any device
receiving outputs from a tertiary device.

3.19 event log: A record that notes and records all excep-
tions and changes to the system parameters or flow parame-
ters contained within the configuration log that have an
impact on a quantity transaction record.

3.20 electronic liquid measurement (ELM): A meter-
ing system utilizing electronic calculation equipment with
API liquid measurement algorithms and security/auditing
features, on-line temperature and pressure inputs, and linear
meter pulse inputs. ELM provides real-time, on-line measure-
ment. Application of CPL/CTL calculations at a minimum
time period, adherence to verification/calibration recommen-
dations, use of an optional live density variable, and attention
to system secondary devices help to reduce any inaccuracies
of meter measurements.

3.21 flow computation device: An arithmetic processing
unit with associated memory that accepts electrically converted
signals representing input variables from a liquid measurement
system and performs calculations for the purpose of providing
flow rate and total quantity data. It is sometimes referred to as a
flow compilation device, flow computer, or tertiary device.

3.22 gross standard volume (GSV): The volume at
base conditions corrected for the meter’s performance (MF or
CMF).

3.23 GSVm: The volume at base conditions shown by the
meter at the time of proving.

3.24 GSVp: The volume at base conditions shown by the
prover at the time of proving.

3.25 indicated volume (IV): The change in meter read-
ings that occurs during a receipt or delivery.

3.26 indicated standard volume (ISV): The indicated
volume (IV) of the meter corrected to base conditions. It is
not corrected for meter performance (MF or CMF).

3.27 input variable: For the purposes of electronic liquid
measurement, an input variable is a data value associated with
the flow or state of a liquid that is put into the flow computa-
tion device for use in a calculation. This input may be a mea-
sured variable from a transducer/transmitter or a manually
entered fixed value. Pressure, temperature, and relative den-
sity are examples of input variables.

3.28 isolator: A device that separates one portion of an
electrical circuit from another to protect against grounding
and voltage reference problems and that can be used to
replicate or convert signals and protect against extraneous
signals.
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3.29 main calculation period (mcp): The computa-
tional time period between two consecutive combined correc-
tion factor (CCF) calculations.

3.30 master meter factor: A dimensionless term
obtained by dividing the gross standard volume (GSVp) of the
liquid that passed through the master prover (by the master
meter) by the indicated standard volume (ISVm) as registered
by the master meter during proving.

3.31 meter factor (MF): A dimensionless term obtained
by dividing the volume of liquid passed through the prover
(corrected to standard conditions during proving) by the indi-
cated standard volume (ISV) as registered by the meter.

3.32 meter factor linearization: A process to correct a
metering device for deviations in performance or trial results
over a declared operating range caused by variations in pro-
cess or operating conditions, such as flowrate or viscosity.

3.33 no-flow: An absence of fluid passing through the pri-
mary device.

3.34 nonresettable totalizer: An accumulating register
that records and sums the quantity of fluid passing into or
through a quantity measurement device. The totalizer is not
reset during normal operations (such as after the completion
of a batch or quantity transaction record period).

3.35 off-site: A location not in close proximity to the pri-
mary measurement device.

3.36 on-site: A location in close proximity to the primary
measurement device.

3.37 on-line CPL/CTL compensation: The continuous
computation of CPL and CTL during each main calculation
period.

3.38 performance uncertainty: The ability of a device
or system to repeat test parameters within an anticipated
range of operating conditions.

3.39 point of custody transfer: The physical location
at which a quantity of petroleum that is transferred between
parties changes ownership.

3.40 quantity transaction record (QTR): A set of his-
torical data, calculated values, and information in a preset for-
mat that supports the determination of a quantity over a given
accounting period. The QTR has historically been known as a
“measurement ticket.”

3.41 random error: A deviation in measure from a true
value in an unpredictable fashion over a series of repeated
measurements under the same conditions of testing. A large
number of such repeated measurements will show that larger
errors occur less frequently than smaller ones, and that a
majority of the deviations characteristically fall within
defined limits.

3.42 sampling frequency: The number of samples per
unit of time of an input variable that is retrieved for monitor-
ing, accumulation, or calculation purposes.

3.43 sampling period: The time in seconds between the
retrieval of flow parameters for monitoring, accumulation,
and calculation purposes.

3.44 sensor: A device that provides a usable output signal
by responding to a measurand. A measurand is a physical
quantity, property, or condition that is measured. The output
is the electrical signal, produced by the sensor, which is a
function of the applied measurand.

3.45 signal conditioner: Amplifying the signal or other-
wise preparing a signal for input to a tertiary device. One
example is a turbine meter pre-amplifier.

3.46 systematic error: An error prevalent throughout a
series of measurements. This error will result in a consistent
deviation from true and, if traced, can usually be reduced to
an assignable cause within the system performing the mea-
surement.

3.47 traceability: The property of a measurement or the
value of a standard whereby it can be related to stated refer-
ences, usually national or international standards, through an
unbroken chain of comparisons.

3.48 transducer: A device that generates an electrical
signal, either digital or analog, that is proportional to the vari-
able parameter that is to be transmitted to the tertiary device.

3.49 transmitter: A device that converts the signal from a
sensor into a form suitable for propagating the measurement
information from the site of measurement to the location
where the signal is used. The signal is typically converted into
a current, pulse train, or serial digital form. The sensor may
be separate or may be part of the transmitter. 

3.50 turndown ratio—meters: The maximum usable
flow-rate of a meter under normal operating conditions
divided by the minimum usable flow-rate.

3.51 turndown ratio—transmitters: The ratio of the
upper range value (URV) to the lower range value (LRV) for
which a transmitter is designed. For example, if the transmit-
ter has a rated span of 0 to 15 psi (minimum) and 0 to 150 psi
(maximum), then the turndown ratio is 10:1.

3.52 uncertainty: The amount by which an observed or
calculated value may depart from the true value.

3.53 verification: The process of confirming or substanti-
ating the accuracy of input variables to a measurement system
at normal operating conditions, using reference equipment
traceable to certified standards.

3.54 weighted average: The average of a variable
weighted by the flow rate or incremental volume. It can be the
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average of the variable values sampled at uniform volume
intervals, or it can be the average of variable values sampled
at uniform time intervals and weighted by the incremental
volume that occurred during that time interval.

For time-based methods, the weighted average tempera-
ture/pressure is the sum of the temperature/pressure values
sampled during the time interval, multiplied by the volume
during the same interval and divided by the entire volume
measured.

4 Field of Application

The procedures and techniques in this standard apply to
new metering systems that perform continuous on-line gross
standard volume (GSV) calculations. The standard provides
hardware, algorithm, and calibration recommendations for
design, installation, and operation purposes. The standard sets
minimum guidelines for electronic flow measurement sys-
tems, including tertiary device configuration, auditing and
security features, and calibration procedures.

Not all metering systems must conform to this ELM stan-
dard. There are other API MPMS chapters that apply to indi-
vidual segments of other measurement systems. These other
systems utilize combinations of electronic, mechanical, and
manual measurement to gather data and provide computa-
tions.

Single-phase liquid hydrocarbon streams may include per-
missible amounts of water or other nonsalable components.
Measurement of gas/liquid two-phase mixtures is not covered.

5 Description of an Electronic Liquid 
Measurement System

5.1 ELEMENTS OF AN ELECTRONIC LIQUID 
MEASUREMENT SYSTEM

5.1.1 Primary Devices

The primary device or meter converts fluid flow to a mea-
surable signal, such as an electrical pulse generated by a tur-
bine or positive displacement meter. In determining ELM
system uncertainty, this standard does not address the uncer-
tainty of the primary device itself. See Figure 1 for an exam-
ple of a typical ELM system. 

5.1.2 Secondary Devices

In ELM systems, secondary devices respond to inputs of
pressure, temperature, density, and other variables with corre-
sponding changes in output values. These devices are referred
to as transmitters when they have been specifically designed
to transmit information from one location to another by the
addition of an electronic circuit that converts the device’s out-
put to a standard signal. This signal may be an analog, digital,
or frequency signal.

5.1.3 Tertiary Devices

A tertiary device is sometimes referred to as the flow com-
puting device, flow computation device, or flow computer. It
receives information from the primary and secondary
devices and, using programmed instructions, calculates the
custody transfer quantity of liquid flowing through the pri-
mary device. 

5.2 PLACEMENT OF ELM SYSTEM 
COMPONENTS

Primary and secondary devices are considered by defini-
tion to be located on-site. Tertiary devices may be located on-
site or off-site.

5.3 DATA PROCESSING

Output from the tertiary device must comply with audit-
ing, reporting, and security requirements discussed in this
standard.

6 System Uncertainty

6.1 GENERAL

6.1.1 Uncertainty in the gross standard volume (GSV)
attributable only to the electronic liquid measurement system
is dependent upon the combined uncertainties of its parts,
which include, but are not limited to, the following:

a. The performance of the devices comprising the system.
b. Conformance to installation requirements.
c. The method used to transmit data signals (analog, fre-
quency, or digital).
d. The integrity of the signal path from sensor to tertiary
device input.
e. The method of calculation.
f. Sampling and calculation frequencies.

6.1.2 An electronic liquid measurement system (tertiary
and secondary devices) shall be designed to meet an uncer-
tainty of ±0.25 percent of flow to a 95 percent level of confi-
dence over the expected operating range as determined from
calibration results and when compared to the uncertainty of
an identical measurement system. Refer to Appendices F
and G for further explanation of accuracy requirements and
the methodology to determine the uncertainty of specific
systems.

6.1.3 ELM uncertainty is based on secondary inputs sam-
pled at a minimum of once every five seconds. This standard
provides the procedures to be used to calculate uncertainty
based on the selected individual measurement system compo-
nents. It includes the uncertainty of nonlinear volume correc-
tions but not the uncertainties of default inputs.
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6.1.4 To reduce system uncertainty, it is advisable to install
and maintain on-line secondary equipment. For secondary
device values that do not change appreciably (determined by
agreement among interested parties), fixed or default second-
ary inputs can be used and, for uncertainty calculation, maxi-
mum expected deviations can be substituted directly for
standard tolerances. It is important that fixed input values be
revalidated periodically because, once set, they become easy
to ignore.

6.1.5 For the purposes of uncertainty calculations, all sec-
ondary input devices are considered to be maintained within
the tolerances listed in Figure 2 from the sensor to the tertiary
device (including any signal conditioning) specified in the
standards listed in the figure. Any error as a result of deviation
from zero is considered systematic for the quantity transac-
tion period. The reader is referred to API MPMS Chapter 13.1
for the statistical background.

6.1.6 Different system configurations are possible. The cal-
culations described here should be adaptable to many of
them, but they are not representative of all possible system
configurations. The diagram in Figure 2 describes a particular
system configuration, and the results of example calculations
using it are summarized in Table G-1 in Appendix G. These
results are specific to the examples provided for natural gas
liquid (NGL) and crude oil and include the components
shown in Figure 2 but exclude the uncertainties of the pri-
mary elements, the meters, and provers. 

7 Guidelines for Design, Selection, and 
Use of ELM System Components

7.1 PRIMARY DEVICES—SELECTION AND 
INSTALLATION 

7.1.1 Meter selection is based on operational requirements
(such as rate, viscosity, and throughput) and physical needs

Primary device

Turbine
or

PD meter

Position
detectors

Temperature
pressure

Temperature

Pressure

Density

Prover

Secondary devices

Analog/digital
frequency signal

Analog/digital signal

Analog/digital signal

Analog/digital signals

Gating signal

Signal conditioner

Tertiary device

Pulse counter

Gated pulse counter

Central
processing unit

Signal interface
Algorithms,

math
computations,

data

Figure 1—Typical ELM System
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(such as environment, accessibility, or frequency of opera-
tion)—see API MPMS Chapters 5.2 and 5.3. This document
covers turbine and positive displacement meters as the pri-
mary device. A primary device has two components: a rotat-
ing measurement element, and an output device to report the
unit volume passing through the meter.

7.1.2 The meter in an ELM system either electrically or
electro-mechanically produces pulses representing discrete
units of volume passing through it. Methods for producing
pulse outputs depend on the meter type. Electro-mechani-
cally produced meter pulses are common to positive dis-
placement and some turbine meters. Meters are also
manufactured to provide both electro-mechanical and elec-
trical outputs. The ELM system must be designed to accom-
modate the characteristics of pulse outputs by allowing it to
accurately detect the signal over all possible flow rates.

7.2 SECONDARY DEVICES—SELECTION AND 
INSTALLATION 

7.2.1 General

7.2.1.1 Secondary devices provide real-time loop data,
excluding flow data from primary devices, that can be trans-
ferred to a tertiary device. Secondary devices can be divided
into five classifications:

a. Sensors.
b. Transmitters.
c. Signal to digital converters.
d. Isolators.
e. Signal conditioners.

7.2.1.2 Signal to digital converters read sensor output or
any analog signal and convert the signal to a digital value

Figure 2—Example of System Uncertainty Calculation

Meter

Tm

RHObm

Pm

System uncertainty

Prover

Tp

RHObp

Pp

N

Measure Description Allowable Deviation Source

Tm Temperature of the liquid at the meter 0.5°F (0.25°C) Chapter 7.2

RHObm Base density at meter 0.5 API (1.0 kg/m3) Chapter 14.6

Pm Pressure of the liquid at the meter 3 psig (20 kPag) Chapter 21.2

Tp Temperature of the liquid at the prover 0.2°F (0.1°C) Chapter 7.2

RHObp Base density at prover 0.5 API (1.0 kg/m3) Chapter 14.6

Pp Pressure of the liquid at the prover 3 psig (20 kPag) Chapter 21.1

N Least discernible increment 1 part in 10,000 Chapter 4.8

Note: This example does not reflect every possible source of error that could add to the uncertainty of
the measurement system, nor does it imply better resolution or accuracy cannot be attained.
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ready for processing. A signal converter can be built inside a
transmitter, a flow computation device, or some other inter-
mediate device.

7.2.1.3 An isolator separates one portion of a loop from
another to protect against grounding and voltage reference
problems, and can be used to replicate or convert signals and
to protect against the introduction of extraneous signals.

7.2.1.4 Operating limits and environmental impacts on the
accuracy of all secondary devices shall be clearly stated. The
effect of temperature changes on a specified operating range
should also be stated.

7.2.1.5 The maximum effects of all the factors that may
degrade accuracy, such as ambient temperature, humidity,
static pressure, vibration, power supply variances, and mount-
ing position sensitivity, shall be stated by the manufacturer.

7.2.1.6 Temperature thermowells and sensors must be
properly matched. The thermowell hole diameter and depth
must ensure proper heat transfer to the sensor. Spring
devices are available that ensure that the sensor is against
the bottom or the side of the thermowell hole. A thermal
conducting medium should be used for proper heat transfer
between the thermowell and the sensor. The depth of inser-
tion of the thermowell into the pipe whose fluid tempera-
ture is being measured must be adequate to faithfully
transfer the fluid temperature to the active portion of the
sensor probe.

7.2.1.7 Reference (sometimes known as test) thermowells
adjacent to temperature-sensing thermowells are recom-
mended. The inside well should be properly sized for the ref-
erence equipment.

7.2.1.8 Pressure sensing taps should be located at the same
elevation as the primary device to eliminate head losses or
gains. Transmitters should be located level with or below the
tap to maintain a liquid fill.

7.2.1.9 All secondary devices shall be installed and main-
tained in accordance with the manufacturer’s guidelines and
the most current revision of the National Electric Code
(NEC) or other applicable federal, state, and local codes.

7.2.1.10 All secondary devices used for custody transfer
electronic liquid measurement that cannot meet the operat-
ing limits for exposure to temperature, humidity, or other
environmental conditions should be appropriately protected.

7.2.1.11 Frequent verification or calibration of secondary
devices can reduce the effects of seasonal temperature
changes on the accuracy of the equipment. Devices with
microprocessors may electronically compensate for opera-
tional and environmental effects.

7.2.2 Selection and Installation

7.2.2.1 Smart Transmitters vs. Conventional 
Transmitters

7.2.2.1.1 Smart transmitters may offer benefits not found
in conventional analog transmitters, such as:

a. Wider rangeability.
b. Calibration procedures.
c. Improved performance.
d. Lower drift rate.
e. Elimination of loop errors (analog drift, analog conver-
sions, etc.).

7.2.2.1.2 It is important to read the specifications for a
transmitter carefully. Sections 7.2.2.2, 7.2.2.3, and 7.2.2.4
describe important aspects of transmitter specification.

7.2.2.2 Transmitter Accuracy

7.2.2.2.1 The “stated” accuracy of a transmitter can be
expressed as: a) a percentage of the upper range value (URV),
b) a percentage of the calibrated span, or c) a percentage of
the reading. Consider, for example, a transmitter with a URV
of 500 psig that has been calibrated for a span of 0 to 300
psig. Also assume normal line pressure of 200 psig.

7.2.2.2.2 If accuracy is stated as 0.25 percent of the URV,
then the accuracy is 1.25 psi.

7.2.2.2.3 If accuracy is stated as 0.25 percent of the cali-
brated span, then the accuracy is 0.75 psi.

7.2.2.2.4 If accuracy is stated as 0.25 percent of the read-
ing, then the accuracy is 0.50 psi.

7.2.2.3 Process and Installation Effects on 
Transmitter Accuracy

7.2.2.3.1 Transmitter specifications often have a statement
of accuracy, as described in 7.2.2.2. This is called the stated
accuracy or laboratory accuracy. The accuracy of installed
transmitters, however, can be influenced by:

a. Ambient temperature—expressed as a percentage of the
URV or the span per degrees of temperature change.
b. Vibration effect—expressed as a percentage of the URV or
the span per unit of G force.
c. Power supply—expressed as a percentage of the URV or
the span per volt of power supply.
d. Mounting position—expressed as a percentage of the cali-
bration of zero or span.

7.2.2.3.2 Evaluation of these conditions is important, since
they can significantly influence the accuracy of an installed
transmitter. To state the installed accuracy of a transmitter, all
possible errors can be calculated by using the root of the sum
of the squares, or RSS, method. In many cases, the installed
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conditions may produce as much error as is found in the
stated or laboratory accuracy of the transmitter.

7.2.2.3.3 Transmitters installed in locations subject to
extreme temperature swings should be mounted in a temper-
ature-controlled environment or enclosure.

7.2.2.4 Turndown Ratio

In conventional transmitters, the selection of an operational
range is critical to its ultimate accuracy. Smart transmitters
may be designed to have greater turndown ratios, more easily
allowing them to be spanned for nearly any application in the
field. Conventional transmitters typically have less than a
10:1 turndown ratio, while smart transmitters may have a
turndown ratio of 50:1 or more.

7.3 TERTIARY DEVICES—SELECTION AND 
INSTALLATION

7.3.1 A tertiary device receives data from the primary and
secondary devices for flow computation. The tertiary device
is programmed or configured to collect data, calculate flow
and volume, and provide an audit trail.

7.3.2 The following should be considered when choosing a
tertiary device:

a. Degree of configurability.
b. Number and type of process inputs and outputs.
c. Electrical requirements.
d. Environmental requirements.
e. Sampling frequency.
f. Ability to generate an audit trail and related reports.
g. Data and algorithm security.

7.3.3 The manufacturer shall state the effects of linearity,
hysteresis, and repeatability for the specified range of opera-
tion. The effects of ambient temperature change on zero and
span for a specific operating range should also be provided.

7.3.4 The tertiary device shall meet the operating limits for
exposure to temperature, humidity, or other environmental
conditions, or the device shall be appropriately protected.

7.3.5 The tertiary device shall be installed and maintained
in accordance with manufacturers’ guidelines. Installation
shall comply with 7.4.

7.3.6 Refer to Appendices A, B, and E for further expla-
nations.

7.4 ELM DEVICES AND ASSOCIATED 
EQUIPMENT

7.4.1 An ELM device and its associated equipment, includ-
ing communication equipment and signal conditioners, shall
be installed and maintained in accordance with the manufac-
turer’s guidelines and the National Electrical Code (NEC) or

similar national, state, or local electrical codes. All installa-
tion materials shall be compatible with the service and/or
environment, including ambient temperature swings, pres-
ence of toxic or corrosive material, moisture, dust, vibration,
and hazardous area classification. The ELM device shall have
radio frequency interference protection and electromagnetic
interference protection suitable for the expected operating
environment.

7.4.2 The ELM system shall include electrical transient
suppression on all power, communication, and data inputs
and outputs to provide protection from transient over-volt-
ages. Transients appear on signal lines from a number of
sources, including static discharge, inductive load switching,
induced lightning, and coupled power lines. Transient sup-
pressors are designed to either clamp and/or discharge the
transient over-voltage, or to fail, thus shorting the over-volt-
age to the ground. They are either of nonfaulting type that
continue to operate many times or of the faulting type that
require replacement following a substantial transient. A good
earth ground is essential for the suppressor to operate prop-
erly. Consult manufacturer for the proper type of suppressor
to use.

7.4.3 If the ELM device is not approved for installation in a
hazardous area for electrical equipment, as defined by the
NEC or similar electrical regulatory code, and the site of the
measurement device is classified as hazardous, follow the rec-
ommended design guidelines given in API Recommended
Practice 500.

7.4.4 ELM devices should be powered with a continuous
and reliable power source that is adequate for proper operation.

7.4.5 ELM equipment intended to perform proving opera-
tions must be designed to meet the sphere detection switch
timing requirements set out in API MPMS Chapter 4, Section
2, and must respond by starting or stopping the prover pulse
accumulator at the beginning or end of a proving pass within
one pulse and must accumulate each and every pulse from the
meter during the proving pass. Additional requirements for
ELM equipment intended to perform proving operations
using small volume provers are that it must be able to handle
pulse interpolation or otherwise meet timing requirements set
out in API MPMS Chapter 4, Sections 3 and 6.

7.4.6 ELM devices are often installed in an uncontrolled
environment. The responses of these devices under a variety
of weather conditions can affect the performance and accu-
racy of flow measurement. Ambient temperature changes or
extremes may cause a significant systematic deviation in
measurement accuracy. The operating temperature range and
its corresponding effect on measurement uncertainty should
be considered when selecting and installing ELM equipment.

7.4.7 Refer to Appendix B for details on A/D converters
and their resolution.
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7.5 CABLING

All cabling shall be approved for the class of service and
installed in accordance with NEC or similar applicable elec-
trical regulatory agency requirements. Signal cabling shall be
properly protected from environmental elements and shielded
from outside electrical interference. Signal interference
should be minimized by providing proper electrical isolation
between alternating current (AC) power and signal wires at
all times. Electrical isolation may be achieved by using spe-
cially designed cable or by routing power cables and signal
cables in different conduits.

8 Commissioning New and Modified 
Systems

8.1 GENERAL

8.1.1 New or newly modified systems must be checked to
ensure that all components are compatible. Panel mounted
equipment that requires grounding should be grounded to the
instrument common ground. Power supply voltages should be
checked for proper potential and for presence of noise. All sig-
nals should be checked from the source to their converted value
in engineering units within the ELM system. Each 4-20 mA
transmitter loop should be checked to ensure that the total loop
resistance is within the specification for that transmitter operat-
ing at the supplied voltage level. Cause each transmitter to gen-
erate its maximum output signal either manually (for a smart
transmitter) or by simulating maximum input signals to each
transmitter to ensure that all analog output signals are capable
of achieving 100 percent of full signal. Excess loop resistance
can limit a transmitter’s ability to supply full output in a current
loop. Likewise, an excessive load can limit the ability of a trans-
mitter to supply full output to a voltage controlled loop. Also
verify the transmitter’s zero percent signals.

8.1.2 Any pulse-generating equipment should be checked
from source to accumulator. If possible, generate pulses by
subjecting the sensor to the actual physical environment, flow,
temperature, pressure, and density, at both minimum and
maximum levels. This will test the compatibility between the
primary element and any pulse-generating and/or sensing
devices. If it is not possible to simulate flow conditions, use a
pulse generator with amplitude, frequency, and wave shape
characteristics that approximate the primary element to test
the signal. The final pulse rate, shape, width, and upper and
lower levels should be checked against the requirements of
the tertiary device.

8.1.3 The ELM pulse accumulator should be tested to con-
firm that it agrees with a reference totalizer to ±2 counts or
better for accumulations of at least 200,000 pulses. Calibra-
tion of the electronic accumulator is not possible, although
sensitivity thresholds and filter constants may be adjustable.

These should be adjusted during commissioning of the sys-
tem and should not require further adjustment.

8.1.4 Tertiary devices should be checked for any hardware
malfunctions. Check the internal power supply for proper lev-
els. With no pulses being generated by primary devices, oper-
ate various devices that are potential generators of noise while
checking the tertiary devices for receipt of false pulses. Par-
ticularly suspect are radio communications equipment and
solenoid valve or motor control circuits with wiring in close
proximity to the metering/proving installation.

8.1.5 Programmable devices must be checked for proper
functionality and accuracy. Identical program and configura-
tion tables need to have only one representative program or
table verified if they are electronically reproduced. Fixed vari-
ables should be entered, and each factor should be confirmed
against hand-calculated or table values. Manually entered pro-
grams, tables, and parameters must all be checked individually.

9 Electronic Liquid Measurement 
Algorithms

9.1 GENERAL

The intent of this section is not to define all the variations
of flow equations but rather to provide specific guidelines for
algorithms that are consistent in application for all electronic
liquid measurement systems.

9.2 GUIDELINES

9.2.1 Algorithms

9.2.1.1 This section defines algorithms for volumetric liq-
uid measurement. The algorithms define sampling and calcu-
lation methodologies and averaging techniques.

9.2.1.2 When applying these methods to turbine and dis-
placement measurement, the appropriate algorithms, equa-
tions, and rounding methods are found in, or referenced in,
the latest revision of API MPMS Chapter 12.2, including
Chapter 12.2, Part 1, Appendix B. To reduce cumbersome
cross-referencing, some of the text of Chapter 12.2 is
included in this standard.

9.2.1.3 All supporting algorithms and equations refer-
enced, such as determination of the base density, temperature,
and pressure correction factors for the measured liquid, shall
be applied consistent with the latest revision of the appropri-
ate standard.

9.2.1.4 To calculate equivalent base volumetric quantities,
algorithms must be used to determine liquid base density,
temperature, and pressure correction factors. The correction
algorithms to be used for a specific liquid are defined in API
MPMS Chapter 12.2.
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9.2.1.5 These temperature and pressure correction factors
are combined, and may also be combined with the meter factor
if applicable, by serial multiplication into a combined correc-
tion factor (CCF). The multiplication sequence and rounding
method are detailed in API MPMS Chapter 12.2, Part 2.

9.2.1.6 In liquid metering applications, a total quantity is
determined by summation of the discrete quantities measured
for a defined flow interval. In equation form, the calculation
of total quantity is expressed as the following: 

(1)

 where

 Σ = summation operation for p time intervals,

 Qtot = quantity accrued between time t0 and time t,

 Qp = indicated volume (IV) measured at flowing con-
ditions for each sample period p,

 t0 = time at beginning of operation,

 t = time at end of operation.

9.2.1.7 The process variables that influence a flow rate nor-
mally vary during a metered transfer. Therefore, to obtain the
total quantity requires the summation of flow over the transfer
period, with allowance made for continuously changing con-
ditions.

9.2.1.8 In liquid metering applications, the primary device
provides measurement in actual volumetric units at flowing
conditions. The volumetric units for an interval of time are
provided as counts or pulses that are linearly proportional to a
unit volume such that:

(2)

where

counts = accumulated counts from primary device for 
time period p seconds,

 KF = K-factor (counts per unit volume).

9.2.1.9 The instantaneous quantity flow per unit time—for
example, flow rate per hour or flow rate per day—can be cal-
culated as follows:

(3)

where

 qp = instantaneous quantity flow rate based on time 
period p,

Qp = total volume,

 p = sample period (seconds),

 k = conversion factor.

for example

 k = 60 for minute based flow rates,

 k = 3600 for hourly based flow rates,

 k = 86,400 for 24-hour based flow rates.

9.2.1.10 The discrimination of quantity flow rate qp in
Equation 3 is proportional to the number of counts accumu-
lated during the sample period and inversely proportional to
the sample period.

9.2.2 Liquid Volume Correction Factors

Liquid volume correction factors are employed to account
for changes in density and volume due to the effects of temper-
ature and pressure upon the liquid. These correction factors are:

CTL—correction for effect of temperature on liquid at nor-
mal operating conditions.

CPL—correction for compressibility of liquid at normal
operating conditions.

9.2.3 Correction for Effect of Temperature on 
Liquid (CTL)

9.2.3.1 If a petroleum liquid is subjected to a change in
temperature, its density will decrease as the temperature
rises or increase as the temperature falls. This density
change is proportional to the thermal coefficient of expan-
sion of the liquid, which varies with base density (RHOb)
and liquid temperature.

9.2.3.2 The appropriate standards for correction factor
(CTL) can be found in API MPMS Chapter 12.2, Part 1,
Appendix B.

9.2.3.3 The weighted average CTL calculated by the
appropriate standard and averaged in accordance with 9.2.1.3
will be stored as part of the quantity transaction record
described in Section 10.

9.2.4 Correction for Effect of Pressure on Liquid 
(CPL) 

9.2.4.1 If a petroleum liquid is subjected to a change in
pressure, its density will increase as the pressure increases
and decrease as the pressure decreases. This density change is

Qtot
t tO–

Σ Qp
p tO=

=

Qp
counts

KF
-----------------=

qp
Qp
p

------- k×=
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proportional to the liquid’s compressibility factor (F), which
depends upon both the liquid’s base density (RHOb) and tem-
perature. The appropriate standards for correction factor
(CPL) may be found in API MPMS Chapter 12.2, Part 1,
Appendix B.

9.2.4.2 The correction factor for the effect of pressure on
the liquid’s density (CPL) can be calculated using the follow-
ing expression:

(4)

and,

 (Pea – Pba) ≥ 0

where

 Pba = base pressure, in absolute pressure units.

 Pea = equilibrium vapor pressure at the temperature 
of the liquid being measured, in absolute pres-
sure units.

 P = operating pressure, in gauge pressure units.

 F = compressibility factor for liquid.

9.2.4.3 The liquid equilibrium vapor pressure (Pea) is con-
sidered to be equal to base pressure (Pba) for liquids that have
an equilibrium vapor pressure less than or equal to atmo-
spheric pressure at flowing temperature.

9.2.4.4 The weighted average CPL calculated by the
appropriate standard and averaged in accordance with 9.2.1.3
will be stored as part of the quantity transaction record
described in Section 10.

9.2.5 Application of CTL and CPL for ELM Systems

 Electronic liquid measurement systems allow compensa-
tion of the metering system for pressure and temperature
effects on the volume of the fluid by the real-time electronic
calculation of CPL and CTL during metering. Where prov-
ing control and calculations are performed within the ter-
tiary device, or where an output of the tertiary device
representing the compensated volume is used as an input to
a prover, CTL and CPL may also be applied by the ELM
system during proving.

Care must be taken to ensure that compensation is only
applied once to metered quantities and to quantities used dur-
ing proving to determine meter factors.

9.2.5.1 Proving

9.2.5.1.1 When proving a meter using a tertiary device to
calculate a meter factor and the meter pulse input to the ter-
tiary device is not compensated for temperature and/or pres-
sure, the respective corrections must be manually entered into
the tertiary device (CTLm, CPLm, CTLp, and CPLp).

9.2.5.1.2 When on-line pressure compensation is per-
formed by a tertiary device, a composite meter factor must
not be calculated during proving.

9.2.5.2 Normal Operation

Volumes calculated and accumulated during an accounting
period by a tertiary device using on-line CTLm and CPLm are
gross standard volumes. Temperature and/or pressure correc-
tions must not be applied, either manually or by other sys-
tems, to the gross standard volume in a quantity transaction
record after the gross standard volume has been generated by
the tertiary device.

9.2.6 Calculation Intervals

9.2.6.1 Frequent samples of the pulse accumulator will be
taken and the incremental volume calculated (using Equation
1) to allow flow weighting of the live process variables and
accurate determination of the corrected volume. The sample
period may be a fixed or variable time interval not to exceed
5 seconds.

9.2.6.2 In all cases, every pulse from the primary device
shall be counted. Calculations of the combined correction
factor (CCF) will be performed on a main calculation period
(mcp) of one minute or less. Longer main calculation periods
may be specified if any differences are acceptable to all par-
ties involved.

9.2.6.3 At the end of each main calculation period (mcp), a
combined correction factor (CCF) is calculated using the flow
variable inputs as determined by the techniques given in 9.2.8
and the averaging techniques given in 9.2.1.3. Recording the
CCF in the quantity transaction record is not required.

CCFmcp = CTLmcp x CPLmcp (5)

where

 CCFmcp = combined correction factor for the main cal-
culation period,

 CTLmcp = correction for the effect of temperature on the 
liquid during normal operating conditions in 
the main calculation period,

 CPLmcp = correction for the effect of pressure on the liq-
uid during normal operating conditions in the 
main calculation period.

CPL
1

1 P Pea Pba–( )–[ ]– F[ ]×( )
----------------------------------------------------------------------=
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9.2.7 Calculation of Volume

9.2.7.1 At the end of each main calculation period (mcp),
temperature and pressure correction factors (CTL and CPL)
are calculated using the flowing variable inputs as deter-
mined by the techniques given in 9.2.8. Equations 6 and 7
ensure that the resultant CCF factor used to correct Qp to
base conditions is representative of the flowing conditions
that existed when the meter pulses used to calculate Qp were
accumulated.

9.2.7.2 Unless agreed upon differently by all parties, main
calculation periods (mcp) greater than five seconds require
that the calculated CCF is used to correct only the volume
quantity accumulated during the same main calculation
period (mcp) that the CCF factor is based on.

Qbmcpi = Qpmcpi x CCFmcpi (6)

where

 Qbmcpi = volume quantity at base condition for the 
main calculation period i,

 Qpmcpi = volume quantity measured at flowing condi-
tions for the main calculation period i,

 CCFmcpi = combined correction factor based on the 
main calculation period i.

9.2.7.3 In cases when the main calculation period is five
seconds or less, or when all interested parties agree, the most
recently calculated combined correction factor can be used to
correct the volume quantity (Qp) calculated using Equation 7:

 Qb = Qp x CCFpmcp (7)

where

 Qb = volume quantity at base conditions for
sample period p,

 Qp = indicated volume (IV) measured at flowing 
conditions for each sample period p,

 CCFpmcp = combined correction factor based on the pre-
vious main calculation period (pmcp).

9.2.7.4 When the volumes calculated by an ELM device
are reviewed, it should be possible to reproduce the results of
an individual volume calculation (using a single set of input
pressures, temperatures, densities, etc.) to within 1 part in
10,000 or better using check calculations.

9.2.8 Sampling Flow Variables

9.2.8.1 The algorithms used to calculate base volumetric
quantities require sampling of dynamic variables, such as

flowing temperature, pressure and, optionally, density. The
sampling interval for a dynamic input variable shall be at
least once every five seconds. Multiple samples taken within
the five-second time interval may be averaged using any of
the techniques given in 9.2.1.3.

9.2.8.2 When the volumetric method of weighted averag-
ing techniques is used, the sample volume size should be
selected so that flow variables are sampled within the five-
second requirements for the minimum flow rate during nor-
mal operating conditions.

9.2.8.3 When the count output of the primary sensor is less
than one pulse every five seconds, input variables may be
sampled once per count.

9.2.8.4 A less frequent sampling interval may be used if it
can be demonstrated that the increase in uncertainty is no
greater than 0.05 percent and the longer sampling interval is
agreeable to the parties involved.

9.2.8.5 Sampling rates required for correcting the prover
volume will be identical to those required for quantity deter-
mination—that is, sample at least every five seconds or take
at least one sample per pass of the prover displacer.

9.2.9 No-Flow Condition

No-flow is the absence of fluid passing through the primary
device. During no-flow conditions, input variables may con-
tinue to be sampled and displayed for monitoring purposes,
but they will have no effect on the averages used in volume
calculations.

9.2.10 Determining Transaction Quantities

9.2.10.1 Indicated volume (IV) is determined at flowing
temperature and pressure for a custody transfer transaction
using the following equation:

(8)

where

Σ = summation operation for all sample periods 
during transaction,

IV = indicated volume accrued during transaction,

QTp = actual volume measured at flowing conditions 
for each sample period p during the transaction 
T, sample period p not to exceed one minute,

  n = last sample taken at the end of the transaction.

IV

n

Σ Q
Tp

p 1=
=
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9.2.10.2 Indicated standard volume (ISV) is determined at
base or reference temperature and pressure for a custody
transfer transaction. Corrections for meter performance (MF)
are not applied.

(9)

where

 Σ = summation operation for all sample periods 
during the transaction,

 ISV = indicated standard volume accrued during the 
transaction,

 QTp = actual volumetric quantity measured at flowing 
conditions for each sample period p during the 
transaction T, sample period p not to exceed one 
minute,

  n = last sample taken at the end of the transaction,

 CCFTp = combined temperature and pressure correction 
factor in effect for each sample period p during 
the transaction T.

9.2.10.3 Gross standard volume (GSV) is determined at
base or reference temperature and pressure for a custody
transfer transaction, and corrections are made for the meter
factor (MF).

9.2.10.4 When the meter factor is not applied until some
time after the transaction is complete, the following equation
is used.

GSV = ISV x MF (10)

where

 MF = meter correction factor in effect during the 
transaction.

9.2.10.5 In cases where more than one meter factor is
used, MF is the weighted average meter correction factor for
the transaction; the methods described in 2.9.13 are used to
determine the average.

9.2.10.6 When the meter factor is applied continuously
during the transaction, the gross standard volume is calcu-
lated by the following:

(11)

where

 GSV = gross standard volume accrued during the 
transaction,

 QTp = actual volumetric quantity measured at 
flowing conditions for each sample period 
p during transaction T, sample period p not 
to exceed one minute,

 CCFTpgsv = combined temperature, pressure, and meter 
correction factors in effect for each sample 
period p during transaction T, sample 
period p not to exceed one minute.

9.2.11 Rounding Rules to Be Used by Tertiary 
Devices

9.2.11.1 Differences between the results of mathematical
calculations can occur in different equipment or program-
ming languages because of variations in multiplication
sequence and rounding procedures. To ensure consistency,
individual correction factors are multiplied serially and
rounded once to the required number of decimal places. API
MPMS Chapter 12.2 details the correct sequence and the
rounding and truncating procedures to be used in CCF calcu-
lations.

9.2.11.2 The incremental volumes calculated for each mcp
should not be rounded or truncated. The method of rounding
or truncation of volumes, such as gross standard volume
(GSV), at the end of the quantity transaction record period,
should be per API MPMS Chapter 12.2 unless otherwise
agreed upon by the parties involved.

9.2.12 Verifying Quantities Calculated by Real 
Time Flow Computation Devices

9.2.12.1 Electronic flow computation devices present
unique problems when attempts are made to verify the result-
ant quantity calculated using real time methods versus the
quantity calculated at the end of a transaction using the meth-
ods discussed in API MPMS Chapter 12.2.

9.2.12.2 The following example illustrates the limitations
of checking calculations that involve correction factors that
are rounded to a certain decimal resolution. For calculation
simplicity, the example involves transferring (as one transac-
tion) the contents of two storage tanks, each containing
exactly 100,000 barrels of identical crude but at different tem-
peratures delivered at different pressures. The actual tempera-
tures, pressures, and API gravities used in the example are
chosen only to illustrate a point. The equilibrium pressure is
assumed to be < 0 psig.

Example: Crude oil, 65 API60 gravity, 100,000 gross indi-
cated barrels are transferred at 75°F and 195 psig. Then

ISV

n

Σ Q
Tp

p 1=
CCFTp×=

GSV

n

Σ Q
Tp

p 1=
CCFTpgsv×=
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