By ’ N ey £ . ’ N Al L
TN T e LD Treeter - TR TERRNY ‘T-ﬁ-vmmmr b AL TR 11 1 cAS ju‘nmm! y

FACULTAD DE INGENIERIA UNAMM
DIVISION DE EDUCACION CONTINUA

"Tres décadas de orgullosa excelencia™ 1971 - 2001

CURSOS INSTITUCIONALES

DIPLOMADO EN MEDICION DE
HIDROCARBUROS

MOD. Tl SISTEMAS DE MEDICION DE ACEITE

Del 01 al 05 de octubre de 2001

APUNTES GENERALES

Ing. Javier Valencia Figueroa
Instituto Mexicano del Petroleo
Altamira, Tamaulipas
Septiembre /2001

Paladio de Minerio, Caile de Tacuba No. 5. Primer piso, Delegacion Cuauhtémoc, CP 06000, Col. Centro, México D.F,
APDO Postal M-2285 » Tels: 552]_402? ol 24, 5623.2910 y 5623.2971 @ fax: 5510.0573



-72=

Manual of Petroleum
Measurement Standards
Chapter 4—Proving Systems

Section 2—Conventional Pipe Provers

FIRST EDITION, OCTOBER 1988

Amaerican Petroleum institute
1220 L Street, Northwest

Washington, D C. 20005 L‘P



~73-

SPECIAL NOTES

1. APl PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A
GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM-
STANCES. LOCAL. STATE. AND FEDERAL LAWS AND REGULATIONS
SHOULD BE REVIEWED.

2. AP1 IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS,
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN
AND EQUIP THEIR EMPLOYEES., AND OTHERS EXPOSED, CON-
CERNING HEALTH AND SAFETY RISKS AND PRECAUTIONS, NOR
UNDERTAKING THEIR OBLIGAT]ONS UNDER LOCAL, STATE. OR
FEDERAL LAWS, -

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS
AND CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT K MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.

4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE
CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR
OTHERWISE, FOR THE MANUFACTURE, SALE, OR USE OF ANY
METHOD. APPARATUS. OR PRODUCT COVERED BY LETTERS PATENT..
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE
CONSTRUED . AS . INSURING ANYONE AGA!NST LIABILITY FOR
INFRINGEMENT OF LETTERS PATENT.

5. GENERALLY, APl 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REAFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS.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 EFFECTFIVE YEARS AFTERITS PUBLICATION DATE AS
AN OPERATIVE APISTANDARD OR,. WHERE AN EXTENSION HAS BEEN
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION
CAN BE ASCERTAINED FROM THE APl AUTHORING DEPARTMENT
[TELEPHONE (202) 682-8000). A CATALOG OF API PUBLICATIONS AND
MATERIALS 1S PUBLISHED ANNUALLY AND UPDATED QUARTERLY
BY API, 1220 L STREET, N.W.. WASHINGTON, D.C. 20005.

Capvright © 198K Amencan Petradeum Institute
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FOREWORD

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

The information contained in this edition of Chapter 4 supersedes the information
contained in the previous edition (First Edition, May 1978), which is no longer in
pnnt. It also supersedes the information on proving systems contained in AFI
Standard 1101, Measurement of Petroleurn Liquid Hydrocarbons by Positive Dis-
placement Meter (First Edition, 1960}; APl Standard 2531, Mechanical Displacement
Meter Provers; APl Standard 2533, Metering Viscous Hydrocarbons; and AP1 Stan-
dard 2534, Measurement of Liquid Hydrocarbans by Turbine-Meter Sysrems which
are no longer in print, .

This publication is ptimarily intended for use in the Umted States and is related to
the standards, specifications'and procedures of the National Bureau of Standards
(NBS). When the information provided herein is 'used in other countries, the specifi-
cations,and procedures of the appropriate national standards organizations may
apply. thre appropriate, other test codes and prooedurcs for checking pressure
and electrical equipment may be used. '

For the purposes of business transactions, limits on error 6r measurement toler-
ance are usually set by law, regulation. or mutual agreement between contracting
parties: This publication is not intended to set tolerances for such purposes; it is

intended only to describe methods by which acceptable approaches to any desired

accuracy can be achieved.
Chaptcr 4 now contains the following sections:

Scctlonl “Introduction™

Secuon 2, "Conventional Pipe Provers
Section 3, **Small Volume: Provers”

Section 4, “Tank Provers™

Section 5, “Master-Meter Provers™
Section 6, “Pulse Interpolation”

Section 7, “Field-Standard Test Measures™

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.

Suggested revisions are invited and should be submitied to the director of the
Measurement Coordination Department. American Petroleum [nstitute, 1220 L
Street, N.W., Washington, D.C. 20005.
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Chapter 4—Proving ‘Systems

SECTION 2—CONVENTIONAL PIPE PROVERS

4.2.1 Introduction

Conventional pipe provers are used as volume stan-
dards for proving liquid meters that generate at least
10,000 unaltered pulses during a prover pass. Pipe
provers may be straight or folded in the form of a loop.
Both mobile and stationary provers may be constructed
in accordance with the principles described in this chap-
ter. Pipe provers are also used for pipeilines in which a
calibrated portion of the pipeline (either straight,
U-shaped, or folded) serves as the reference volume.
Some provers are arranged so that liquid can be dis-
placed in either direction.

A ptpe prover’s main advantage over a tank prover 1s
that its fiow of liquid is not interrupted during proving
This uninterrupted flow permits the meter to be proved
under specific operating conditions and at a uniform rate
of flow without having to start and stop

The reference volume (the volume needed between
detectors) required of a pipe prover depends on such
factors as the discrimination of the proving register. the
repeatability of the detectors, and the repeatabitity re-
quired of the proving system as a whole. The relationship
between the flow range of the meter and the reference
volume must also be taken into account. Provers that
have a smaller volume than was once considered neces-
sary can now be used as a result of pulse-interpolation
techniques and precision displacer detectors (see Chap-
ter 4.3).

4.211 SCOPE

This chapter outlines the essential elements of um-
directional and bidirectional conventional pipe provers
and provides design, installation, and calibration details
for the types of pipe provers that are currenily in use
The pipe provers discussed in this chapter are designed
for the running start-and-stop procedures described in
Chapter 4.1. These provers consist of a pipe section
through which a displacer traveis and activates detection
devices before stopping at the end of the run as the
siream js diverted or bypassed.

4.2.1.2 DEFINITION OF TERMS

Terms used in this chapter are defined in 4.2.1.2 |
through 4.2.1.2 4

4.2.1.2.1 A prover pass is one movement of the dis-
placer between the detector in a prover.

4.2.1.2.2 Aprover round irip refers to the forward and
reverse passes in a bidirectional prover.

4.2.1.2.3 Merer proof refers to the multiple passes or
round trips of the displacer in a prover for purposes of
determining a meter factor.

4.2.1.2.4 A meter prover is an open or closed vessel of
known voiume utilized as a volumetric reference stan-
dard for the calibration of meters in liquid petroleum
service. Such provers are designed, fabnicated. and op-
erated within the recommendatons of Chapter 4.

4.21.3 REFERENCED PUBLICATIONS

The current editions of the following standards. codes.
and specifications are cited in this chapter:

APl
Manual of Petroleum Measurement Standards
Chapter 4, "Proving Systems,” Section 1, “intro- .
duction,” Section 3, “‘Small Volume Provers,” Sec-
tion 5, “Master-Meter Provers,” Section 6, **Pulse
Interpolation,” and Section 7, “Field-Standard Test

Measures”

Chapter 5.4, “ Accessory Equipment for Liquid Me-+
ters’’

Chapter 7.2, “Dynamic Temperature Determina--
tion™

Chapter 11, “Physical Properties Data”
Chapter 12.2. “Calculation of Liquid Petroleum
Quantities Measured by Turbine or Displacement
Meters™

boT!

49 Code of Federal Regulations Parts 171-177
(Subchapter C, *“Hazardous Materials Reguia-
tions™') and 390-397 (Subchapter B, *'Federal Mo-
tor Carrier Safety Regulations™)

4.2.2 Pipe Prover Systems

All types of pipe prover svstems operate on the com-
mon principle of the repeatable displacement of a known
volume of liquid from a calibrated section of pipe be-

*1°.5. Deparnment of Transportauon, The Code of Federal Regula-
nons 15 available from the U S Government Prinung Office. Washing:
ton. D C. 20402 ‘ i ) {
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tween two signalling detectors. Displacement 1s achieved
by means of a slightly oversized sphere or piston that is
driven along the pipe by the lquid stream being
metered. The corresponding metered volume is simul-
taneously determined.

A meter that is being proved on a continuous-flow
basis must be connected at the time of proof to a counter
that can be instantly started or stopped by the signalling
detectors. The counter is usually an electronic pulse
counter. The counter is started and stopped when the
displacing device actuates the two detectors at the ends
of the calibrated section.

The two types of continuous-flow pipe provers are
unidirectional and bidirectional. The unidirectional
prover allows the displacer 1o travel in only one direction
through the proving section and has an arrangement for
returmng the displacer to its starting position. The bidi-
rectional prover allows the displacer to travel fifst in one
direction and'then in the other and incorporates a means
of reversing the flow through the pipe prover.

Both unidirecticnal and bidirectionat provers must be
constructed so that the fuil flow of the stream through a
meter being proved will pass through the prover. Pipe
provers may be manually or automatically operated.

4.2.2.1 ummnscnoug’f; PROVERS

Unidirectional provers may be subdivided into the
following two categories depending on the manner in
which the displacer is handled:

a. The manual-return unidirectional prover, sometimes
referred to as the measured distance, is an elementary
form of an in-line prover that uses a section of pipeline as
the prover section. Detectors that define the calibrated
volume of the prover section are placed at selected
points. A displacer launching device is placed upstream

from the prover section. and receiving factlities are in-

stalled at some point downstream from the prover sec-
tion. Conventional launching and receiving scraper traps
are usually used for this purpose. To make a proving run,
a displacer (a sphere or specially designed piston) 1s
launched and allowed to displace the reference volume
before being received downstream and manually trans-
ported back to the launching site.

b. The circulating-return unidirectional prover (see Fig-
ure 1), often referred to as the endless loop. has evolved
from the prover described in ltem a. In the endiess loop,
the piping is arranged so that the downstream end of the
loop crosses over and above the upstream end of the
looped section. The interchange is the means by which
the displacer is transferred from the downstream to the

upstream end of the loop without heing removed from

the prover. The displacer detectors are located inside the
looped portion at a suitable distance from the inter-

" change. " Continuous or endless prover loops may be

automated or manually operated.

The base volume of a unidirectional prover is the
calibrated volume between detectors corrected 10 stan-
dard temperature and pressure conditions.

4.2.22 BIDIRECTIONAL PROVERS

Bidirectional provers (see Figures 2 and 3) have a
tength of pipe through which the displacer travels back
and forth, actuating a detector at each end of the cali-
brated section and stopping at the end of each prover
pass when the displacer enters a region where the flow
can bypass it or when valve action diverts the flow.
Suitable supplementary pipework and a reversing valve
or valve assembly that is either manually or automati-
cally operated make possible the reversal of the flow
through the prover. The main body of the prover is often
astraight piece of pipe, but it may be contoured or folded
to fit in a limited space or to make it more readily mobile.
A sphere is used as the displacer in the folded or con-

toured type; a piston or sphere may be usediin the -

straight-pipe type. The base volume in a bidiréctional
prover is expressed as the sum of the calibrated volumes
between detectors in two consecutive one-way passes in

opposite directions, e3ch corrected to standard tempera-".

ture and pressure conditions.

4.2.3 Performance Requirements

4.23.1 CALIBRATION REPEATABILITY FOR
PROVER VOLUME

When the prover volume is calibrated, the results,
after correction. of two or more consecutive runs as
agreed upon by the interested parties shall lie within 0.02
percent { £ 0.01 percent of the average) to determine the
prover volume (see 4.2.11).

4.23.2 VALVE SEATING

The sphere interchange in 8 unidirectional prover or,
the flow-diverier valve or valves in a bidirectional prover
shall be fully seated and sealed before the dispiacer
actuates the first detector. These and any other valves
whose leakage can affect the accuracy of proving shall be
provided with some means of demonstrating during the
proving run that they are leak free. ‘

4.2.3.3 FREEDOM FROM SHOCK

When the prover is operating at its maximumn design
flow rate. the displacer shall decelerate and come to rest
safely at the end of its travel without shock or damage

(text connnued on page 6)



Figure 1—Typical Unidirectional Return-Type Prover System
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Figure 2—Typical Bidirectional U-Type Sphere Prover System
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Figure 3—Typical Bidirectional Straight-Type Piston Prover System
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4.2.4 Equipment
4.2.4.1 MATERIALS AND FABRICATION

The matenals selected for a prover shall conform to
applicabie codes, pressure and temperature ratings, cor-
rosion resistance. and area classifications. Pipe  fittings,
and bends should be selected for roundness and smooth-
ness to ensure consistent sealing of the displacer dunng a
prover pass.

The calibrated section of the prover between the dis-
placer position sensors must be designed to exciude any
appurtenances such as vents or drains.

Flanges or other provisions should be provided for
access to the inside surfaces of the calibrated and prerun
sections. Care shall be exercised to ensure and maintain
proper alignment and concentricity of pipe joints.
Flanges in the calibrated volume shall be match bored
and uniquely doweled or otherwise designed to maintain
the match-bored position of the flanges. Gaskets used in
the calibrated section shall be designed 1o seal on a
flange-face metal-to-metal makeup. with the seahing be-
ing obtained from an O-ring-type seal. All internal welds
and metal surfaces shall be ground smooth to preclude
damage to and leakage around the displacer.

Internally coating the prover section with a coating
material that will provade a hard, smooth, long-lasting
finish will reduce corrosion and protong the life of the
displacer and the prover. Experience has shown that
internal coatings are particularly useful when the prover
is used with liquids that have poor lubricating properties,
such as gasoline or liqueficd petroleum gas; however, in
certain cases. satisfactory resuits and displacer longevity
may be achieved when uncoated pipe is used.

4.24.2 TEMPERATURE STABILITY

Temperature stability is necessary to achieve accept-
able proving results. Temperature stabilization is nor-
mally accomplished by continuously circulating liguid
through the prover section with or without insulation.
When provers are installed aboveground, the applica-
ton of thermal insulation will contribute to better tem-
perature stabilization.

4.2.4.3 TEMPERATURE MEASUREMENT

Temperature-measurement seasors shall be of suil-
able ranpe and accuracy and shall be installed at the inlet
and outiet of the prover (see Chapter 7 2 for detail
requirements). Caution must be exercised to ensure that
the temperature sensors are located where thes wall not
be shut off from the hquid path.

4.2.44 PRESSURE MEASUREMENT

Pressure-measurement devices of suitable range and
accuracy are used at appropriate locations to measure
pressure at the meter and the prover. The pressure de-
vices should reflect the pressures within the meter and
the calibrated section of the prover. See Chapter 12.2 for
further informauon.

4.2.4.5 DISPLACING DEVICES

One type of displacing device commonly used in ptpe
provers is the elastomer sphere hydrostatically filled
with liquid under pressure. The displacer is expanded to
provide a seal without excessive friction 10 a diameter
greater (normally 2-4 percent) than that of the inside
diameter of the prover pipe. In general, the larger the
sphere, the greater the percentage'of inflation required.
Insufficient expansion of the sphere can lead to leakage
past the sphere and consequently to measurement error.
Excessive expansion of the sphere may not improve seal-
ing ability and will generally cause it to wear more rap-
idly and move eratically. Care must be exercised 10
ensure that no air remains inside the sphere. The dis-
placer shall be as impervious as possibie to the operating
liquids. The liquid used to fill the sphere shall have a
freezing point below any expected temperatures. Water
or water-glycol mixtures are commonly used. Another
commonly. used displacer is the cylindrical piston with
suitable sesls.

4.24.6 VALVES

All valves used in pipe prover systems that can provide
or contribute to a bypass of liquid around the prover or
meter or o leakage between the prover and meter shall
be of the block-and-bleed type or an equivalent with a
provision for seal verification.

Full positioning of the flow-reversing valve or valvesin
a bidirectional prover or the interchange valve in a uni-
directional prover must be accomplished before the dis-
placer is allowed to actuate the first detzctor. This design
ensures that no liquid is allowed to bypass the prover
during the displacer’'s travel through the calibrated vol-
ume. The distance before the first detector, commonly
called prerun, depends on valve operation time and the
velocity of the displacer. Methods used to shorten this
prerun. such as faster operation of the vaive or delay of
the displacer launching, require that caution be exer-
cised in the design so that hydraulic shock or additional
undesired pressure drop is not introduced If more than
one flow-directing valve is used. all valves should be
arranged by linkage or another means to prevent shock
caused by an incorreci sequence of operations
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4.2.4.7 CONNECTIONS

Connections shall be provided on the prover or con-
necting piping to allow for calibration. venting, and
draining. '

4.248 DEYECTORS

Detection devices must indicate the position of the
displacer within close tolerance Vanous types of detec-
tors are currently used. The most common is the me-
chanically actuated electnical switch. Other types in-
clude the electronic proximity switch and the induction
pickup; these types may be used if they provide satisfac-
1ory repeatabulity. The repeatability with which the de-
tector in a prover can signat the position of the displacer,
which is one of the governing factors in determining the
length of the prover section. must be ascertained as
accurately as possible. Openings through the pipe wall
for detectors must be smaller than the longitudinal seal-
ing area of the displacer.

4.2.4.9 PERIPHERAL EQUIPMENT

A meter pulse generator shall be provided for trans-
mission of flow data and must provide electrical pulses
with satisfactory characterstics for the 1ype of proving
counter used. The device should generate a sufiicient
number of puises per unit volume to provide the re-
quired discrimination (see Chapter 5.4)

4.2.4.10 PROVING COUNTER

An clectronic pulse counter 1s usually used in meter
proving because of the ease and accuracy with which it
can count high-frequency pulses and its abjlity to trans-
mit this count to remote locations. The pulse-counting
devices are equipped with an eiectronic start/stop
switching circuit that is actuated by the pipe prover’s
detectors (see Chapter 5.4).

4.2.5 Equipment for Automatic-Return
Unidirectional Pipe Provers

4.25.1 SPHERE INTERCHANGE

The sphere interchange provides a means for transfer-
ring the sphere from the downstream end of the proving
section to the upstream end. Sphere interchange may be
accomplished with several ditferent combinations of
valves or other devices to mimmize bypass flow through
the interchange duning the sphere-transfer process. A
verifiable ledktight valve seal is essential before the
sphere reaches the first detector switch of the proving
section

4252 SEPARATOR TEES

Separator tees are at least one pipe size larger than the
nominal size of the sphere or loop. Sizing is best deter-
mined by experience. The design of the separator tee
shall ensure dependable separation of the sphere from
the stream for ali rates within the flow range of the
prover. For practical purposes. the mean liquid velocity
through the tee shouid not exceed 5 feet (1.5 meters) per
second; a considerably lower Liquid velocity is often de-
sirable. The tee must sometimes be sized several sizes
iarger. Smooth-flow transition fittings on both ends of
the tee are important. A means of directing the sphere
into the interchange shall be provided at the downstream
end. Care should be taken in designing this device to
prevent damage to 2 sphere.

4.2.5.3 LAUNCHING TEES

Launching tees are generatly onlv one pipe size larger
than the sphere disptacer They shall have smooth transi-
tion fittings leading into the prover. The launching tee
should have a slight inclination downwards toward the
prover section, or another means should be provided to
ensurethat the sphere moves into the prover during
periods of low flow. which might occur during calibration
by the waterdraw method. -

4.2.6 Equipment for Bidirectional Pipe
Provers

4.2.6.1 OUTLETS AND INLETS

The outlets and inlets on the pipe prover end cham-
bers of bidirectionai provers are designed to pass liquids
and restrain the displacer. The openings shall be de-
burred and shall have an area sufficient to avoid exces-
sive pressure loss.

4.2.6.2 FLOW REVERSAL

A single multiport valve is commonly used for revers-
ing the direction of the displacer. Other means of flow
reversal may also be used. All valves must be leak free
and allow continuous flow through the meter during
proving. A method of checking for seal leakage duning a
proving pass shall be provided for all valves. The valve
size and actuator shall be selecied 1o minimize hvdraulic
shock.

4.2.7 Design of Pipe Provers
4.2.7.1 INITIAL CONSIDERATIONS

Before a pipe prover 1~ designed o1 selected. 1115
necessary to establish the type ot prover required for the
apphcation and the manaer tn which it will be connected
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with the meter piping. From a study of the application.
intended use, and space limitanons. the following should
be established:

a. Whether the prover is to be stationary or mobile.
1. 1f the prover is stationary, whether it will be dedi-
cated (on line) or used as part of a central system.
2. M the prover is stationary and dedicated, whether
it will be kept in service continuously or isolated from
the metered stream when it is not being used ta prove
a meter.

3. If the prover is stationary, what portions, if any,
are desired below ground.

b. The ranges of temperature and pressure that wiil be

encountered.

c. The maximum and mintmum fiow rates expected and

the flow-rate stability.

d. The maximum pressure drop allowable across the

prover.

e. The physical properties of the fluids to be handled.

f. The degree of automation to be incorporated in the

proving operation

g- Available utilities.

4.27.2 PRESSURE DROP ACROSS THE PROVER

In determining the size of the piping and openings to
be used in the manifolding and the prover, the pressure
loss through the pipe prover system should be compati-
ble with the pressure loss considered tolerable in the
metering installation. a

4.27.3 VOLUME

In determining the volume of a prover between detec-
tors. the designer must consider the following 1items:

a. The overall repeatability required of the proving sys-
tem.

b. The repeatability of the detectors.

c¢. The accumuiation of 10,000 unaltered pulses or the
use of pulse interpolation (see Chapter 4.6).

d. The resolution of the meter pulse generator (that is.
the number of pulses per unit volume).

e. The maxmum and minimum flow rates of the system.

4.2.74 DIiSPLACER VELOCILI'Y

The veiocity of the displacer can be determined by the
internal diameter of the prover pipe and the maximum
and minimum flow rates of the meters to be proved
Some practicai limit to the maxmum velocity of a dis-
placer must be established to prevent damage o the
displacer and the detectors Nevertheless. the develop-
ing state of the art advises against setung a firm limit to

displacer velocity as a criterion for design. Demon-
strated results are better to use as acriterion. The results
are manifested in the repeatability, accuracy, and repro-
ducibility of meter factors using the prover in question.

Most operators and designers agree that 10 feet (3
meters) per second is a typical design specification for
unidirectional provers. whereas velocities up to 5 feet
{1.5 meters) per second are typical in bidirectional
provers. Higher velocities may be possible if the design
incorporates &8 means of reducing surges and displacer
velocity before the prover completes its pass. Minimum
displacer velocity must also be considered, especially for
proving meters in a liquid that has little or no lubricating
ability, such as gasoline that contains high proportions of
aromatics or hquefied petroleum gas. When lubricating
ability is poor or nonexistent and the displacer is operat-
ing at low velocities, the displacer may move, hesitate,
and move again. Velocities, as the term is used in this
pubiication, refers to uniform velocities between detec-
tors.

This standard ts not intended to limit the velocity of
dhsplacers. Provided that acceptable performance can be
assured. no arbitrary limit is imposed on velocity.

4.2.7.5 REPEATABILITY AND ACCURACY
4.2.7.5.1 QGeneral Considerations

-k

The ultimate requirement for a prover is that it prove
meters accurately; however, accuracy cannot be estab-
lished directly because it depends on the repeatability of
the meters, the accuracy of the instrumentation, and the
uncertainty of the prover’s base volume. The repeat-
ability of any prover/meter combination can be deter-
mined by carrying out a senies of repeated measure-
ments under carefully controlled conditions and
analyzing the results statisuically. Repeatability is usually
adopted as the primary criterion for a prover’s accept-
ability. Whereas poor repeatability is an immediate indi-
cation that a prover is not performing satisfactorily, good
repeatability does not necessarily indicate good accu-
racy because of the possibility of unknown systematic
errors. Operators must always guard against such errors.

The minimum distance between detector switches de-
pends on the detector’s ability to repeatedly locate the
displacer. The total error of the displacer during a prov-
ing pass shall be limited to 0.02 percent of the volume
between the detectors.

4.2.7.5.2 Raplscing the Detectors

When the worn or damaged parts of a detector are
replaced, care must be taken to ensure that nenther the
detector’s actuaung depth nor s electrical switch com-
ponents are altered to the extent that the prover volume
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is changed. This is especially true for unidirectional
provers because changes in de‘ector actuation are not
compensated for round trip sphere travel as they are in
bidirectional provers. Recalibration of unidirectional
provers is in order as soon as practical.

4.2.7.5.3 Counter Resolution

The resolution of a digital counter is unity; that is, a
counter can indicate only a whole number of pulses. The
indicated pulse count therefore has a =1 pulse uncer-
tainty for a pass between detectors. For example, to limit
the pulse uncertainty to 1 pulse during a prover pass
without using pulse interpolation (see Chapter 4.6), at
least 10,000 puises would have 10 be collected during a
single pass. This degree of uncertainty 1s represented
mathematicaily as foliows:

_ *1 pulse
U==—x—

Where:

U = degree of uncertainty of the recorded pulse count
during a prover pass, commonly called the reso-
lution.

N = minimum number of pulses to be collected during
a prover pass.

42754 Puise Generation

The preceding considerations suggest that prover vol-
umes can be reduced by increasing the pulse-generation
rate of the meters to be proved. Caution must be exer-
cised when gear-driven pulse generators are used on
displacement meters to obtain very high pulse-genera-
tion rates, since mechanical problems such as backlash,
dnve-shaft torsion, and cyclic variations can cause
irregular pulse generation. An electronic means of puise
interpolation can also be used to increase the resolution
for both small volume and conventiona! volume provers
(sce Chapter 4.6).

4.2.8 Dimensions of Provers

The dimensions selected for provers have to be based
on a compromise. Decreasing the diameter of the prover
pipe increases the length between detectors for a given
volume and reduces the sensitivity to detector resolu-
tion. Decreasing the pipe diameter also increases dis-
placer velocity; this increase may hecome a himiting
factor. Increasing the diameter of the prover pipe has the
opposite effect: the velocity of the displacer 1s reduced,
but the resulting decrease in length increases the sensi-

tivity 16 detector resolution and thus may become a
iimiting factor.

SecToN. 2—CONVENTIONAL- PIPE ProveRg

4.2.9 Sample Calculations for the -
Design of a Pipe Prover

A typical approach to the design of unidirectional or
bidirectional pipe provers is described in 4.2.9.1 through
4.2.9.5. The examples given are for a 6-inch (150-milli-
meter) meter operating at 1200 barrels per hour and
‘generating a nominal 2000 pulses per barrel.

4.29.1 BASIS OF CALCULATION

The repeatability obtained during calibration runs
must be within the range stated in 4.2.3.1. For the pur-
pose of this example, the following conditions are as-
sumed:

a. The acceptable counter resolution error, U (see
4.2.7.5.3), is =1 pulse during a prover pass.

b. The meter to be proved generates 2000 pulses per
barrel.

¢. The repeatability for each of the detectors to the
sphere 1s assumed to be =0.030 inch.

d. The maximusm displacer velocily 1s provisionally set
at 10 feet (3 meters) per second.

4.29.2 MINIMUM-VOLUME CALCULATION

After the degree of uncertainty during a prover pass
(see 4.2.7.5.3) is established. the minimum volume dur-
ing a pass is determined using Equation 1 as foliows

‘,=:lglflse=f_\{ ()
UK K
Where:
V = minimum volume between prover detectors
+1
UK
- *+1]
(1/10,000)(2000)
=5 barrels.

U =degree of uncertainty of the recorded puise
count dunng a prover pass.

K = minimum number of counts per consistent unit
volume of any meter that will be proved.

N = minimum number of puises to be collected dur-
IRg a prover pass

4.2.9.3 MINIMUM-LENGTH CALCULATION

The minimum length between detector switches de-
pends on the accuracy with which the detector switch can
repeatedly determine the position of the displacer and
the desired discriminauon of the prover system during
calibration. ltem b in 4 2.9.1 indicates that the desired
discrimination of the prover system during calibration is
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0.02 percent { %0.01 percent of the average). ltem c in
4.2.9.1 states that the repeatability of response to the
sphere for each of the detector switches is =0.030 inch
( £0.75 millimeters). If L represents the nominal indi-
cated length of the prover. one pass could displace a
maximum volume represented by L plus 0.060 inch (1.5
millimeters); another pass could displace a minimum
volume represented by L minus 0.060 inch (1.5 mitlime-
ters). When the minimum is subtracted from the maxi-
mum, the difference in the indicated length cannot ex-
ceed 0.12 inch ( % 3 millimeters). The calculation for the
minimum length would then be 0.12 inch { =3 millime-
ters) divided by 0.02 percent (0.0002), which resultsin a
50-foot (15-meter) minimum length. If the repeatability
of response for each of the detector switches is better
than =0.030 inch ( £0.75 miliimeters), the lengths be-
tween the detector switches can be decreased.

4294 PROVER DIAMETER

Itemdin4.2.9.1 sets a provisional maximum displacer
velocity of 10 feet (3 meters) per second for use in this
example. The smallest applicable prover diameter would
therefore be 6 inches (150 millimeters); however, the
length necessary to obtain the S-barrel (0.795-cubic me-
ter) volume would have to be in excess of the 50 feet (15
meters) previously caiculated. :.

4295 SUMMARY OF CALCULATIONS

Based on the stated assumption of a 6-inch {150-milli-
meter) meter operating at 1200 barrels per hour, the
calculations indicate that a prover with a minimum
length of 50 feet (15 meters) between detectors that
would displace a minimum volume of 5 barrels (0.795
cubic meter) and has a minimum diameter of 6 inches
(150 millimeters) is required.

4.2.10 installation
4.2.10.1 GENERAL CONSIDERATIONS

Ali components of the prover installation. including
electrical piping, vaives, and manifolds, shall be in accor-
dance with applicable codes. Once the prover is on-
stream, it becomes a part of the pressure system.

The proving section and related components shall
have suitable hangers and supports prescribed by appli-
cable codes and sound engineering principles. When
proving systems are designed and installed. precautions
should be taken to cope with expansion. contraction,
vibration, pressure surges. and other conditions that
may affect piping and related equipment

Consideration should be given to the installation of
suitable valving to isolate the prover unit trom line pres-

sure when it is not onstream (for example, during main-
tenance or removal of the displacer).

All units shall be equipped with vent and drain con-
nections. Vent valves should be instalied on the topmost
portion of the pipe and should be located where all air is
vented from dead spaces that are not swept by the dis-
placer. Provisions should be made for the disposal of
liquids or vapors that are drained or vented from the
prover. This may be accomplished by pumping liquids or
vapors back into the system or by diverting them to a
collecting point.

Temperature sensors in accordance with Chapter 7.2
and pressure gauges shall be installed in suitable loca-
tions near the meter and the prover to determine the
temperature and pressure of each. Blind flange or vaive
connections should be provided on either side of a leak-
free block valve in the piping systefn to serve as aconnec-
tion for proving portable meters or as a means for cali-

brating the prover by the master-meter method. Con-

nections at the inlet and outlet should be provided for
calibration by the waterdraw method. Examples of sun-
able connections are shown in Figures 1-3.° -
Pressure relief valves with discharge piping and leak-
detection facilities are usually installed to control ther-
mal expansion of the liquid in the prover while it is
isolated from the mainstream. Where practical, pressure
relief valves should not be installed in piping between the
meters and the prover, Power and remote controls
should be suitably protected with lockout switches, cir-
cuits, or both between remote and adjacent panel loca-
tions tg' prevent accidental remote operation while a u'pit
is being controlled locally. Suitable safety devices and

locks should be installed to prevent inadvertent opera- -

tion of or unauthorized tampering with equipment.

Provers should be protected by straining or filtering
equipment.

All wiring and controls shall conform to applicable
codes. Components shall conform to the class and group
appropriate to the location and operation. All electrical
controls and componetits should be placed in 2 location
convenient for operation and maintenance. Manufac-
turers’ instructions should be strictly followed during the
installation and grounding of electronic counters, con-
trols, power units, and signal cables.

4.2.10.2 PROVER LOCATION

Pipe provers may be either mobile (portable) or sta-
tionary.
4.2.10.2.1 Mobile Prover

A mobile prover is normally mounted on a road vehi-
cle or trailer so that it can be taken to vanous sites for on-
site proving of meters in their installed positions while
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they are in normal operation. Mobtle provers are occa-
sionally housed in containers or mounted on self-
contained skids so that they may be transported by road,
rail, or sea. Mobile provers are always provided with a
means of safely and conveniently connecting them to the
metering system. Mobile provers are designed to oper-
ate in the meter’s environment, Provisions must be made
to electrically ground the prover. »

Portable meter provers mounted on a truck or trailer
fail within the purview of the DOT Code of Federal
Regulanons for the transportation of hazardous mate-
nials, The code s applicable when portable meter
provers are moved on public roads and contain flamma-
ble or combustible liquids or are empty but not gas free.
The most recent edition of 49 Code of Federal Regula-
tions Parts 171-177 (Subchapter C, "Hazardous Mate-
nals Regulations™) and 390397 (Subchapter B, “Fed-
eral Motor Carrier Safety Regulations'} should be
consulted. (See specifically Sections 172.500, 172,503,
172.504, 172.506. 172.507. 173, 177.817. 177.823,
39L.11(a)(7). 391 41.49. and 393.86.) The DOT pro-
vides an exemption from 173.119. 173.304. and 173.315
for portable meterprovers:

4.2.10.22 Stationary Prover

A stationary prover is connected by a system of pipes
and valves to a meter or bauery of meters. Its sole
function is to prove the meters one at a time at intervals,
as required.

4.2.10.2.3 Central Prover.

A centra) prover is permanently installed at a location
where pumping facilities and a supply of liquid are avail-
able. It is used o prove meters that are peniodically
brought to the prover and temporarily connected {see
Chapter 4.1). After a meter is proved centrally, caution
must be exercised to ensure that the meter is not mis-
handled in 2 way that could destroy its reliability before
the meter is reinstalled in the line.

4.2.11 Calibrating Pipe Provers

Calibrating a pipe prover involves determining the
base volume displaced between the detectors

The rwo methods of cahbrating a pipe prover are the
waterdraw method and the master-meter method

A pipe prover must be cahibrated before 1t is placed in
service to deternine its base volume at standard condi-
uons fusually atmospheric pressure and 60°F (15°C)]
Periodic recalibrauon of the prover is also required. See
Chapter 12 2 for details about calculating all the correc-
uon factors and the base volume

SecTion 2—ConvennonaL PIPE Provens 11
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The base volume shalt be documented on a cahibration

' certificate, See Chapter 12.2 for volume corr~-tions and

calculations that lead to base-volume determinations.

The base volume of a unidirectional prover is the
calibrated volume corrected to standard temperature
and pressure conditions and displaced beiween detectors
for a single pass. The base volume of a bidirectional
prover is the sum of the volumes displaced between
detectors for a round trip of the displacer corrected to
standard temperature and pressure conditions.

Complete records of calibration should be prepared
and maintained.

4.2.11.1 CALIBRATING PIPE PROVERS BY THE
WATERDRAW METHOD

Calibrating pipe provers by the waterdraw method
requires using National Bureau of Standards (NBS)
traceable/certified volumetnc field-standard test mea-
sures (see Chapter 4.7) against which the volume of the
prover may be determined. The largest available 1ield
standards should be used. The method may be expedited
by placing the prover, field standards, and test wateriina
constant-temperature enclosure shaded from direct sun-
shine to allow the equipment.and water to reach an
equilibnum temperature.

Because of the effect of viscosity and surface tension
on the drain nme of a field-standard test measure . water
is the only medium that can be used for the draw methaod
into standards that have been certified to deliver a given
quantity of water Water was selected because it has well-
defined properties and is readily avaijable. Clean. fresh,
deaerated water is required (see Chapter 4 7) The
prover should be clean, and the displacer should be
moved through the prover enough times to flush and
eliminate air that may have been caught in parts of the
prover system and to atlow both the metal and liquid of
the prover system to reach a common and steady tem-
perature. At least one trial calibration run should be
made 1o determine the approximate volume of the
prover beiween 1ts detectors so that the appropnate
number and sizes of reference standards can be selected.
The temperature and pressure at the discharge of the
prover should then be observed and recorded as the
tempetature and pressure in the prover at the start of
calibration .

The prover mav be calibrated using small-drameter
water hines and temporary valves. as shown in Figures 4
and 5, or by using the valves and piping that are part of
the ficld ipstaltation. Solenoid valves actuated by the
detector switches are normally used 1o <start and stop the
calibration run.



Figure 4—Waterdraw Calibration of Unidirectional Provers
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Figure 5—Waterdraw Calibration of Bidirectional Provers
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The volume observed in the field standards for each
trip of the displacer must be subjected to corrections to
determine the base volume of the prover as follows:

a. The individual field-standard test measures must be
corrected for any difference in water lemperature be-
tween the starting temperature of the prover and the
water temperature in the field standard when its volume
is read and recorded. The purpose of the correction is to
adjust the volume of water measured in the field stan-
dard to the volume it occupied at the prover starting
temperature.

b. The temperature-corrected field-standard volume
must then be corrected for the effect of temperature on
both the prover and the field-standard materials. The
temperatures of the pipe prover and the field standard’s
shell are assumed to be the same as the temperature of
the fiquid that they contain. See Chapter 12.2 for the
application of corrections.

c. The water volume obtained in Item b shall then be
corrected for the compressibility of the water in the
prover at the start of the calibration. See Chapter 12.2
for complete details.

d. The volume shall be corrected for the effect of pres-
sure on the prover steel at the start of the calibration.

The calibrated volume of a field standard is its volume
at a temperature specified by the calibrating agency
[commonly 60°F (15°C)]. By correcting the observed
volume in the field standard to its actual volume at 60°F
(15°C), the field standard can then be used to determine
a prover volume at 60°F (15°C).

The observed volume for each prover pass shall be
corrected individually to obtain the base volume, which
implies standard conditions. Two or more consecutive
runs, after correction, shall fall within 0.02 percent
(+0.01 percent) of the average.

Repeatability is only one component of accuracy. By
filling the same field standards with the test runs made at
an cqual rate, an operator can complete a series of
erroneous calibrations as the result of a consistent leak.
The absence of a consistent leak should be verified by
making an additional run at a rate change of 25 percent
or greater. With the changed flow rate, a volume after
correction that is beyond 0.02 percent ( +0.01 percent of
the average) of the initial runs, after correction. indi-
cates the possibility of a leak in the proving circuit that
must be comrected before calibration can be achieved
This is true for both umdirectional and bidirectional
provers.

After a prover calibration is completed, the data
sheets shall be signed by all parties who witnessed the
calibration and used to prepare a ceruificate of calibra-
tton. The certificate shall state the method used. the

base volume of the prover, and the reference tempera-
ture and pressure.

4.2.11.2 CALIBRATING BIDIRECTIONAL
PROVERS BY THE WATERDRAW
METHOD

" This section refers to provers that operate on a round
trip basis. .

After preparatory steps are taken as described in
4.2.11, the calibration runs are started. The displacer is

driven past one of the switches into the space just outside .

the calibrated volume at either end of the prover. The
valves should be reversed so that the displacer travels
toward the section to be calibrated while it .wastes the
effluent water. The water should be wasted slowly
through a slow-rate bleed or, if the adjustment s suffi-
ciently sensitive, through the hose nozzle. The waste
should be stopped at the instant the switch indication
shows ON. This should be done automatically by a so-
lenoid valve controlled by the detector switch All addi-
tional effluent water should then be directed into the
selected field standards. The withdrawals should con-
tioue until the last field standard is being filled. The
withdrawal should be reduced to a controllable slow-
bleed rate until the ON switch indication is observed at
the second detector; withdrawal should be stopped at
the instant the detector shows ON. The total of the field-
standard volumes indicates the observed dispiaced vol-
ume between detectors in that direction of travel under
conditions of pressure and temperature that existed in
the prover at the start of calibration. The pressure condi-
tions, drain-hose fill, and other withdrawal equipment
shall be the same at the end of the withdrawal as they
were at'the start.

A similar displacer trip should now be made in the
opposite direction, repeating the procedure. These two
trips do not necessarily have to agree in observed dis-
placed volume because the action of the detector
switches may be different for each direction of travel.
The volume observed in a given direction after correc-
tion must agree within 0.02 percent (+0.01 percent of
the average).

The calibrating procedure should be repeated until
satisfactory repeatability is achieved. If the prover. dis-
placer, and detectors are in good working order, an
experienced operator can expect the first two determina-
tions, after correction, to agree within 0.02 percent
(=0.01 of the average). The average of two or more
consecutive round tnip corrected volumes 1s considered
the round trip based volume. The corrected volume for
(w0 Or more consecutive trips (n any given direction shall
also agree within 0.02 percent { = (.41 percemt of the
average). This standard does not restrict the determina-

kel
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tion of the base volume to only two consecutive runs.
More runs may be used if agreed upon by the parties
involved.

Failure to repeat may be caused by leaking valves, air
in the system, varying temperature or pressure, im-
proper condition of the displacers, or poor calibration
technique.

Once asuitable set of runs has been made, the average
then becomes the base volume of the prover.

All subsequent use of the bidirectional prover for
proving a meter requires 2 full round trip of the displacer
for each proof run of the meter.

4.2.11.3 CALIBRATING UNIDIRECTIONAL
PROVERS BY THE WATERDRAW
METHOD

The procedure for calibrating a unidirectional prover
by the waterdraw method is substantially the same as the
procedure described for a single one-way trip of the
displacer in a bidirectional prover. Every calibration run
must be made by passing the displacer through the
prover in the direction in which it will subsequently
travel during actual meter proving. When an automatic-
return or endless-loop prover is calibrated, the entire
loop and interchange must be filled with water, bringing
water through an outlet connection. The interchange
valves may be used to transport the displacer through the
pipe and the interchange to the start of the prover sec-
tion. When -a manual-retumn or in-line unidirectional
prover is calibrated, the entire prover and associated
piping must be filled with water, and the displacer must
be launched in the normal manner in the proper direc-
tion and returned for relaunching for subsequent calibra-
tion runs. Care must be exercised to ensure stable tem-
perature and pressure conditions and the elimination of
all air.

The calibrated volume of a unidirectional prover is the
volume displaced in passing the displacer from one de-
tector switch to another. The described one-way pro-
cedure should be repeated until satisfactory repeat-
ability is achieved. The average value of two or more
consecutive one-way corrected calibrated volumes is
considered the base volume of the prover at standard
conditions. The corrected volume for two or more con-
secutive trips should agree within 0.02 percent (=0 01
percent of the average).

42.11.4 CALIBRATING PIPE PROVERS BY THE
MASTER ~- METER METHOD

42.11.4.1 Principle and Apparatus

In the master-meter method of proving. the function
of the master meter is to serve as an intermediate link

,between the prover and the volumetric standard. This

method is an additional step away from NBS trace-
ability. A meter used in this mannrer is commoniy called
a master meter. The volumetric standard may be either a
pipe prover or tank prover and is hereafter identified as
the master prover. The master prover is used to prove the
master meter; the master meter is then immediately
used to determine the volume of the pipe prover in need
of calibration.

The master-meter method can be used for any instal-
lation, but in situations like those found in the arctic, the
desert, or on an offshore platform, the master-meter
method may be the only practical one to use. The re-
quirements for master-meter proving inciude an ample
supply of astable liquid, a selected master meter. and the
accessory equipment necessary for proving the master
meter against the master prover. '

The three main pieces of apparatus—the prover to be
calibrated, the master prover, and the master meter—
must be connected in series so that the total flow through
each s the same. The sequence in which the three pieces
are arranged can be modified to suit local conditions.

The master-prover base volume shall be determined - -
by the waterdraw method and shall be a size that is
sufficient to ensure that the master meter can be accu-
rately proved.

A master meter may be either a puise-generating dis-
placement meter-or a turbine meter; if it is a turbine
meter, it shall be connected to its normal conditioning-
section (straightening vanes or.a sufficient :length. of . -
straight pipe). The master meter shali be of high quality
and known to have an excellent short-term repeatability.

A single meter is recommended for use as a master
meter. Each master meter shall conform to Chapter 4.5.

The master meter shall have the same connected ac-
cessories when it is being proved as when it is being used
to calibrate the prover. The meter shall not be fitted with
any device, such as a calibrator or a temperature com-
pensator, that enables the operator to change in any way
the ratio between the indicated output of the meter and
the number of revolutions it has turned.

The master meter shall be in good mechanical condi-
tion and shall have a history of consistent performance.
Its meter factor should vary little with the fiow rate over
its operating range.

The master meter shall generate at least 10.000 pulses
during anv one pass of the master prover or one empty-
ing or filling of a tank prover.

Attention must be given to the equipment require-
ments discussed in 4.2.4, especially as they apply 10
temperature and pressure measurements. valves. flow-
reversing valves, dispiacers, pulse generators, and coun-
ters. In addition. vents must be available at high pointsin
the assembliy to allow for the removal of air before cali-
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bration begins. Alsu, a strainer should be placed up-
stream of the master-meter/master-prover unit.

When hydrocarbons are used in the master-meter
method, accurate thermometry becomes even morc im-
portant than when water is used. Ivdrocarbon liquids
typically have Jow heat capacitics and high coefficients of
thermal expansion. Temperatures must be abtained to
the aceuracies regnired tmn Chapters 7.2 and 12.2.

I & liquid with « high vapor pressere is used. care must
be taken during the calibration to ensure that the pres-
sure does not fall belew a level where ges bubbles may be
formed.

4.2.11.4.2 Preparation

The master-meter calibration procedure cousists of
the rollowing three operations in imniediate succession:

a, Proving the master meter against thie master prover.
b. Calibrating the stipuluted prover,

c. Reproving the master melcr against the master
prover. '

The liquid shouid be stowty introduced into the three
principal picces of apparatus (the master prover, muster
meter, and prover to be calibyated), venting the air or
gas carcfully as the fill procseds.

The flow should be staitec throu:.h the system, and
the remaining air or gas should be vented from cach
piece of cquipnicnt. While the prover 1o be calibratad
(and the master Drover if it i’ the pipe-prover type) is
being vented, the displacer snoulc be launched as often
as required to flush air or gas towards the veats. The
required calibration repeatabifity will not be obtained
unless the system is rendered completely free from aiz or
pgas.

Flow should be continued until the wmperature of the
system stabilizes. While this 18 being drne. the master
meter should be proved zgainst the inuster prover a
number of times on a trial hasis 10 see witcther consisten:
results are being obtained. During (e [irst few triat
provings, the calculation of merer factors inay be unnce-
essary if the succossive pulse counts differ by so much
that the repeatability is obviously inadeguate. When a
peint is reached at which two or more coasecutive mas-
ter-meter factors agree within 0.02 percent (£ 0.01 per-
cent of the average), the master meto and the master
prover may be considered to be perfornung acceptably,

Next, a similar check should be made 1o ensure that
the prover to be calibrated is tunctioning conectly. Re-
peated precalibration rans of the master ineter against
the prover shoukl be made until two ur more consecutive
results agree within .02 peice:t (-—(i 01 percent of the
average),

ght by the AMERICAN PETROLEUM INSTITUTE (nl'l}
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Should it prove impossible to obtain the above repeat-
abilitics, the malfunction must be identified and cor-
rected. When the required repeatability is obtained, the
calibration of the prover may begin. using the procedure
outlined in 4.2.11.4.3.

4.2.11.4.3 Procedure

The procedure described in this section is for use with
either a turbine meter or a displacement meter that has
an electrical pulse generator. ‘L'his standard does not
preclude the use of a displacement meter that has only a
mechanical registcr for this method of prover calibra-
tion, provided that the meter register has a discrimina-
tion smaller than 0.01 percent of the volume of the
master prover and preferably smaller than 0.005 per-
cent, Appropriate modifications to the procedure given
here are necessary if such a meter is used.

First, the flow rate should be sat to the desired value.
The fiow rate shall be maintained constantly within 5
percent or better theoughout the entire procedure and
shall fall within the linear range of the meter.

To prove the master meter, a scrics of two or more
meter proofs must be made, The results of these proofs
shall agree within 0.02 percent (=0.01 percent of the
average) or hetter, or the results shall be regarded-as
invalid. The average of the meter proofs shall be re--
corded as the initial master-meter tactor.

Next, a series of two or more calibration runs of the
master meter against the prover to be calibrated must be
made. The results of these runs shall be regarded as valid

“only if they agree within 0.02 percent (+0,01 percent of

the average). The master-meter volume shall be re:

- garded as a known quantity; the base volume of the

prover is the quantity to be determined.

Finally, the master meter should again be proved
against the master prover to check that its meter factor
has not changed significantly during the operation. Two
or more meter proofs arc required, and the results are
valid only if they agree within 0.02 percent ( +0.01 per-
cent of the average). The average of these results is
adopted as the final master-meter factor. In addition, the
finai master-meter factor must lie within 0.02 percent of
the initial master-meter factor. The average of the initial
and final meter-factor values shall be used in the calcula-
tion to determine the base volume of the prover being
calibrated

Prover calibration runs compleied at one flow rate
may incorporate an undetected constant leak. This pos-
sibility can be eliminated by repeating the full calibra-
ton procedure at a rate change of 23 percent or greater.
With the changed flow rate, a volumne after correction
that is not within 0.02 percent { 0.0t percent of the
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average) of two initial runs, after correction, indicates
the possibility of a leak in the proving system that must
be corrected before calibration can be achieved. This is
true for both unidirectional and bidirectional provers.

If the calibration fluid is a hydrocarbon covered in
Chapter 11, the tables in Chapter 11 can be used to
determine the necessary temperature corrections. If the

+ calibration fluid is a hydrocarbon of unknown pressure.

volume, or lemperature properties, samples must be
taken to determine these properties.

Full records of all the provings of the master meter
shall be kept, since a detailed history of performance isa
valuable guide to its reliability.
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Chapter 4—Proving Systems

SECTION 3—SMALL VOLUME PROVERS

4.31 Introduction

The use of small volume provers has been made
possible by the availability of high-precision displacer-
position detectors used in conjunction with pulse-
interpolation techniques (sec Chapter 4.6). The small
volume prover normally has a smaller base volume than
that of conventional pipe provers (see Chapter 4.2) and
is usually capable of fast proving passes over & wide
range of flow rates.

Small volurne provers have a volume between detec-
tors that does not permit a minimum accumulation of
10,000 direct (unaltered) pulses frum the meter. Small
volume provers reqnirc meter pulse discrimination us-
ing a pulse-interpolation counter or another technique
that increascs the resolution (see Chapter 4.6). This
may include using provers with both large and small
base volumes, depending on the pulse rates of the me-
ters to be praved.

The smal! volume piover may be ‘used in many
applications in which pipe provers or tank provers are
commonly used. Small volume provers may be sta-
tionary or purtable.

The volume reqguired of a small volume prover can be
less than that of a conventional pipe prover when high-
precision detectors are used in conjunction with pulse-
interpolation techniques Pulse-interpolation methods
of counting a series of pulses to fractional parts of a
pulse are used to achieve high resolution without count-
ing 10,000 whole meter pulses for a single pass of the
displacer between detectors (see Chapter 4.6.)

To achieve the required proving accuracy and repeat-
ability, the mimimum volume between detector switches
depends on the discrimination of a combination of
pulse-interpolation electronics, detcetors, and uniform
meter pulses, as weil as flow rate, pressure, tempera-
ture, and meter characteristics.

43.1.1 SCOPE

This chapter outlines the essential elements of 4 small
volume prover and provides descriptions of and oper-
ating details tor the various typ2s of small volume pro-
vers that meet acceptable standards of repeatability and
Accuracy.

4.3.1.2 DEFINITION OF TERMS

Terms used in this chapter are defined 1n 4,3.1.2.1
through 4.3.1.2.6.

4.3.1.2.1 Interpulse spacing refers to variations in the
meter pulse width or space. normally expressed in per-
cent.

4.3.1.2.2 Meter proof refers (o the multiple passes or
round trips of the displacer in a prover for purposes of
determining a meter factor.

4.3.1.2.3 A meter prover is an open or closed vessel of
known volume ulilized as 2 volumetric reference stan-
dard for the calibration of meters in liquid petroleum
service, Such provers are designed, fabricated, and

-operated within the recommendations of Chapter 4.

4.3.1.2.4 A prover pass is one movement of the dis-
placer between the detectors in 4 prover.

4.3.1.2.5 A prover round 1rip s the result of the for-
ward and reverse passes in a bidireclional prover.

4.3.1.2.6 A proving timericounter is a high-speed
counter used in double chronometry to measure fime
with a pulscd signal of known frequency.

4.3.1.3 REFERENCED PUBLICATIONS

The current editions of the tollowing- standards, -
codes, and spccifications arc cited in this chapter:

AP
Manual of Petroleum Measurement Standards

Chapter 4, “Proving Systems.” Section 2, *'Con-
ventional Pipe Provers,”” Section 6, *'Pulse Intet-
polation,” and Section 7, “Field-Standard Test
Measures’
Chapter 5, “Metering,” Secdon 2, “Measure-
ment of Liquid Ilydrocarbons by Displacement
Meters,” Section 3, “‘Measurement of Liquid
Hydrocarbons by Turbine Meters,” and Section
4, “Accessory Hquipment for Liquid Meters™
Chapter 7.2, “Dynamic Temperature Deter-
mination’’
Chapter 12.2, “Calculation of Liquid Petroleum
Quantities Measured by Turbine or Displace-
ment Meters”

NFPA!
M National Electrical Cade

'National Fire Protection Associalion, Batterymarch Park, Quincy,
Massachusetts 02269.
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2 "CHAPTER 4—PROVING SY5TEMS

4.3.2 Small Volume Prover Systems

The small valume prover is available m several difer-
ent conligurations that allow a contlnuous and uniform
rate of flaw, All types operate on the common principle
of the repeatable displacement of a known volume of
liquid in the calibrated section of a pipe or tube. A
displacer travels through a calibrated section with its
limits defined by one or more highly repeatable de-
tectors. The corresponding mctercd volume simulta-
neously passes through the meter, and the whole num-
ber of pulses is counted. Precise calculations are made
using a pulse-interpolation technique (see Chapter 4.6).

The two types of continuous-flow small volume pro-
vers are unidircctional and bidirectional. The uni-
directional prover allows the displacer to travel and

measire in only one direction through the proving sec- .

tion and has a means of returning the displacer to its
starting position. The bidirectional prover allows the
displacer to travel and measure first in one direction and
then in the other and is capable of reversing the flow
. through the prover section.

Both unidirectional and h:d1rectmnai small volume
provers must be constructed so that the tull flow of the
stream passing through the meter bein g proved will pass
through the prover.

x

4.3.3 Equipment

The small volume prover must be suitable for the
intended fluids, pressures, temperaturcs. and typc of
instailation. The materials used must be compatible
with the fluid streum and the location where the prover
will be installed.

A small volume prover will normuily consist of the
following elements:

a. A piecision cviinder.
b. A displacer piston,
separation device. )
¢. A means of positioning and launching the displacer
upsiream of the calibrated section,

d. A displacer d=tector o1 detectors.

¢. A valve arrangement that allows fluid flow while the
displaccr is traveling from one position to the opposite
position,

f. Pressure-measurement devices.

g. Temperature-measurement devices.

h. Instrumentation with timers. counters. and pulse-
interprolation capability.

spheroid, or other fluid-

4.3.3.1 MATERIALS AND FABRICATION

The materials selected for a prover shall-conform to
appiicable codes, pressure ratings, cortosion resistance,
and arca classifications.

The calibrated volume-measurement section of the
prover, located between the displacer-position sensors,
must be designed io exclude any appurtenances such as
veots or drains.

-Flanges or other provisions should be included for
access ta the inside surfaces of the calibrated and prerun
sections. Care should be oxercised to ensure and main-
tain proper aligninent and concentricity of pipe joints.

- Internally coating the prover scetion with a coating or
plating material that will provide a hard, smooth, long-
lasting finish will reduce corrusion :nd prolong the life
of the displacer or displacer seals and the prover.

4.3,32 TEMPERATURE STABILITY

Temperature stability is necessary to achieve accept-
nble proving results. Temperature stabilization is nor-
mally achieved by continuously circolating liquid
through the prover section, with or without insulation,
When provers are installed aboveground, the applica-
tion of thermal insulation will contribute to better tem-
perature stabilization.

5,

4.3.3.3 TEMPERATURE MEASUREMENT “

Temperature-measurement sensors should be of suit-
able range and accuracy and should be graduated by
temperature discrimination in fractional degrees to at
least 0.5°F (0.25°C). See Chapters 7.2 and 12.2,
‘Temperature-measurement devices shall be installed at
appropriate locations to measure temperature at the

meter and the prover. Caution must be exercised to
ensure that the temperature sensors are located inla
“position in which they will not be shut off from the
liquid path.

4,3.3.4 PRESSURE MEASUREMENT

Pressure-measurement devices of suitable range and
accuracy, calibrated to an accuracy of 2 percent fuil
scale or better, shall be installed at appropriate loca-
tions to measurs pressure at the meter and the prover.
(See Figures 1-4 and Chapter 12.2 for further informa-
tion).

4.3.3.5 DISPLACING DEVICES

One type of displacer is a piston, with seals, con-
nected to a central shaft. A second type of displacer is
a free piston that uses seals between the precision cylin-
der and the piston. A third type 1s the elastomer sphere
filled with liquid under pressure. To provide z seal with-
out excessive friction, the sphere {s expanded to a di-
ameter greater than the prover pipe’s inside diameter,
which is normally 2—4 percent. Insuificient expansion of
the sphere can lead to leakage past the sphere and
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consequently to measurement error. Excessive expan-
sion of the sphere may not improve scaling ability and
will generally cause the sphere to wear more rapidly and
move erratically. Care must be exercised to ensure that
no air remains inside the sphere. The elastomer should
be impervious to the operating liquids,

A means for inspecting or monitoring displacer-seal
integrity must be included in the design and operation
of all small volume provers. Displacer-seal integrity
may be either statically or dynamically verified under
couditions of low-pressure differential that are consis-
tent with normal operations.

Other types of displacers will be acceptable if they
provide accuracy and repeatabilitv that is equal tc or
better than the three types described above.

4.3.3.6 VALVES

All valves used in small volume prover systems that
can provide or contribute to a bypass of liquid around
the prover or meter or 1o leskage detween the prover
and meter shall be of the block-and-bleed type.

Full positioning of the flow-reversing valve or valves
in a bidirectional prover or the interchange vaive in a
umdirectional prover must be established before the
displacer 15 allowed to actuate (he first detector, This
design ensures that no liquid is allowed to bypass the
prover during the displacer’s travel through the cali-
brated volume. The distance before the first detector,
commenly called prerun, depends on valve operation
time and the velocity of the displacer Methods used to
shorten this prerun, such as faster operation of the valve
or delay of the displacer launching, require that caution
be exercised in the design so that hydruulic sheek or
additional undesired pressure drop is nct introduced.

4.3.3.7 CONNECTIONS

Vent and drain lines shall be provided on the prover
or the counecting piping und must have a means of
checking for leaks. Provisions should he made to allow
field waterdraw calibration of the small volume prover.

4.3.3.8 DETECTORS

Detectors must indicate the pasition of the displacer
within =0.01 percent. The repeatabilitv with which a
prover’s detector can signal the posiuon of the displacer
{which is one of the governing factors in determining
the length of the calibrated prover section) must be
ascertained as accurately ds pussible. Cuare must be
taken to correct detector positions that are subjcet to
temperature changes throughout the proving operation.

o~

4.3.3.8 METER PULSE GENERATQR

A meter pulse generator shall be provided for trans-
mitting flow data, The generator must provide elecirical
pulscs that have satisfactory characteristics for the type
of electronic instrumentation employed.

4,3,3.10 PULSE-INTERPOLATION SYSTEM

The prover timer/counte: tor small volume provers is
an electronic device that utilizes pulse interpolation and
double chronometry {see Chapter 4.6).

4.3.3.11 CONTROLLER

The controller is used to process all signals both to
and from the prover. It receives the start/stop signals
from the detector or detectors that gate the timers,
receives the pulses generated by the test meter, per-
forms the caleulations, and displays all data. The prov-
ing controller may be equipped to provide remote
operiation, alarms, printing. logic sequences, and other
desired functions.

4.3.4 Design of Small Volume Provers
4.3.4.1 INITIAL CONSIDERATIONS

Belore a small volume prover Is desigoned ur selected,
it is necessary 1o establish the type of praver required
for the application and the manner in which it will be
connected to the meter piping. The fullowing items
should be established from a study of the applicanion,
intended use, and space lunitations of the prover:;

4. Whether the prover will be stationary or mobile.
1. Whether a stationary prover will be dedicated
(on line) or used as pait of a central system.
2. Whether a stationary and dedicated prover will
be kept in service continuously or isolated from the
metered stream when it is not being used to prove a
meter -
. The temperature and pressure ranges that will be
encounterad.
¢. The expected maximum and minimum tlow rates
and the flow-rate stability.
d The maximum pressure drop allowable across the
prover.
e. The physical properties of the fluids to be handled.
f. The degree of antomation to he incorperated into
the proving operation.
g- The avaiiability of electric power and other utilities.
h. The size and types of meters to be proved,

i. The applicable codes.

yright by the AMERICAN PETROLEUM INSTITUTE (AFPI)
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4.3.4.2 PRESSURE DROP ACRCSS
THE PROVER

In determining the size of the piping and the openings
to be used in the manifolding and the prover, the pres-
sure loss through the prover system should Le com-
patible with the pressure Joss considered tolerable in the
metering installation. Flow rate should not vary signiti-
cantly during movement of the displacer.

4.3.43 DISPLACER VELOCITY

The velocity of the displacer can he determined by
the diameter of the prover cylinder and the maximum
and minimum flow rates of the meters 10 be proved. A
practical limit fo the maximum vclocity of a displacer
must be established to prevent damuge to the displacer
and the detectors.

Typical maximum displacer velocities are close to but
not limited to 5 feet per second (1.5 meters per second).
The developing state of the art advises against sctting a
firm limit on displacer velocity as a criterion for design.
Demonstrated resuits are berter to use as a criterion.
The results are manifested in repeatability, accuracy,
and reproducibility of meter factors using the prover in
questicn. )

Establishing guidelines for minimum velocities is dif-
ficult because of the many factors that must be consid-
ered, such as the following:

a. The smaoothness of the cylinder’s internal surface.
b. The type of displacer used. ;-

¢. The displacer’s launching capability,

., The lubricity of the liquid being measured. -«

Piston-type displacers can gencrally operate at lower
velocities than can sphere types.

The intention of this standard is not to limit the
velocity of the displacer. Provided that acceplable
perfarmance is puaranteed, there is no arbitrary limit
impased on velocity.

4.3.4.4 VOLUME

In determining the volume of a prover between de-
tectors, the designer must consider the following items:

a. The overall repeatability wequued of the proving
system.

b. The repeatability of the detcctors.

c. The ability of the electronic counter to indicate
whole pulses, unless pulse interpolation is emplosed.
d. The resolution of the meter pulse generator (lhe
number of pulses per unit valume).

e¢. The maximum and minimum flow rates of the
system,

f. The uniformity of the meter signal, or pulse, rclative
to time (interpulse spacing).
g. The meter’s displaced volume per revolution,

4.3.4.5 CRITICAL PARTS

When a detector’s worn or damaged parts are re-
placed, care must be taken to ensure (hat neither the
detector's actuating depth nor its electrical switch com-
ponents are altered to the extent that the prover volume
ig changed. This is especially imporiant in the case of
unidirectional provers because changes in detector actu-
ation are not compensated for Ly round Lrip sphere
travel, as they are in bidirectional provers. When unl-

_ directional provers are used, recalibration is needed as

soon as practical.

4.3.4.6 COUNTERS

The small velume prover requires using a meter
pulse-interpolation-type system (sec Chapter 4.6) to
provide a resohtition of at least one partin 10,000 of thc
indicated meter volume for each pass of the displacer.
between the delectors.

4.3.4.7 - METER PROVING GUIDELINES e

Different types of meters produce pulse trains that
have difleremt characteristics,

At a steady flow, the rotation of a turbina meter and
its pulse train is uniform, Under comparable [low, the
rotation of some displacement-meter elements is also
uniform; however, mechanical gears, couplings, ad:
justors. counters, temperature-correction devices,,
and other accessories reduce the uniformity of the
displacement-meter pulses.

Demonstrations have shown that the closer the pulse
generator is to the meter rotor, the more uniform the
pulse train will be. The further the puise is moved from
the meter rotor, the more erratic the pulse train he-
comes {see Appendix A).

For example, a displacement meter that has a close-
caupled pulser will require only a minimal number of
prover passes pértormed by a relatively-low-volume
prover to establish a meter factor. (Se€ Figure A-2 for
pulse train characteristics.} A displacement meter with
a tull assortment of accessories will usually require
mure passes or the use of a larger prover to establish a
meter factor. (See Figure A-3 for pulsc train character-
istics.)

4.3.5 Sample Calculations for the
Design of Small Volume Provers

A typical approach to the design and application of
small volume provers is provided in 4,3.5.1 and 4.3.5,2.

ght by the AMERICAN PETROLEUM INSTITUTE (APD)
t 29 19:41.14 1996



MPMS 4.3-88

SECTION 3—SWALL VOLUME PROVERS

l g732250 0054675 alﬁ

Note: Test-run observation indicates that thie calculation metiod used
in4,3.5.1 and 4.3.5.2 should provide a miniraun volume for proving
& mcter with a uniform pulsc tran (for cxampie, a lurbine meter or
a displacement merer that hes a uniform pulse output). A proving
method that consists of {ive prover passes, or ronnd irips, with a
repealabulity range of 0 05 percent s achievable. Proviag methods for
usc on nonunifonm pulse oufput meters are Giscusged in Appencix B.
The examples used in this section are go!l mtended 10 imply that the
meter and prover data will be appropriate for all equipment ar that
othef mcthods of prover design analysss are inappropriate.

4.3.5.1 PROBLEM

The maximum flow rate cf the meter ta be proved is
1715 barrels per hour (1200 gallons per minnte, 272.66
cubic meters per hour). The nunimum flow rate is 343
harrels per hour (240 gallons per minute, 54.49 cubic
meters per hour). )

The meler is a 6-inch displucement meter with 4 pulse
rate of 84060 pulses per harrel (52,834.4 pulses per cubic
meter). The maximum interpuise spacing is equal to
+10 percent of the average. The meter pulse output is
approximately uniform with the rotatton of the meter
element.

The pulse interpefation is performed by the double-
chronometry method wsing one clock with a frequency
of 100,000 hertz.

The prover displacer-position detectars have a re-
peatabiiity range of 0.001 iogeh (0.0254 millimeter) and
# position stability range of G.001 inch {(0.0254 milli-
meter).

‘The meler output resoluiion at the start and end of
one prover pass is ={.01 percent (=0.0001 percent nf
the average) The prover displacer-position error at the
sfart and end of a prover pass has an uncertainty of
=0.01 percent. The maximum displacer velocity is 3.5
feet per second (1.067 meters per second). The mini-
mum displacer velocity is 1.2 inches per second (3.048
centimeters per second).

The required design datz is the minimum volume,
minimum diameter, and minimum length of the prover.

4.3.5.2 SOLUTION

The potential error duc te the resolution of double-
cironometry timers dunng a prover pass can be calcu-
tated as follows:

U= x2/N, (1)
Where:

U, = potential error in time uceumulated by two um-
ers (one that times meter pulse output and one
that times prover displacement), expressed as a
plus/ minus fraction of a puise.

2 =number of timers.
N = number of clock pulses accumulated daring a

prover pass,
4

The number of clock pulses accumulated during a

prover pass 1s calculated as follows:
Ne=T,F, (2)
Where:
»=clock operating time during a prover pass, in
seconds.

F. = clock frequency, in hertz.

The clock operating time during a prover pass is cal-
culated as foltaws:

Ty =N/ Fy, (3)
Where:

N, = number of meter pulses dunng a prover pass, in

pulses.

F, = meter pulse frequency, in hertz.

Equatiuns 1, 2, und 3 can be combined to express the
error of the timers in terms of meter output and timer
trequency:

Uy = L£2FING Fe (4}

The meter pulse frequency is calculated as follows:

Fo= 0 P /360D
Where:
(! = meter flow rate, in bairels per hour (cubic
meters per hour).
P, = mcter pulse rate, in pulses per barrel (pulses

per cubic meter).
36{H) = number of seconds per hour.

In tinis example the maxtmum pulse frequency is cal-
culated as foliows:

Foany = (1715)(5400) /3600
=402 hertz
In SI units,
Fm(....) = (272.66)(56.834.4) /3600
= 402 heitz

The potential error of the double-chronometry time
can be ralculated from Equation 4 as follows:

U, = (£2)(4002) / (N x}(100,000)
= +0.080/ N,

The error due to nobuniform meter interpulse spac-
ing at the start and end of a prover pass is calculated as
follows:

U= (2UEP) /N, (5)
Where:

U,, = potential error due to nonuniform meter inter-
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pulse spacing during a prover pass, expressed as
a plus/minus fraction,
= number of displacer detections during a prmcr

pass,
P,=meter interpulse spacing expréssed as a
plus/minus fraction of a pulse.

In this example the error due to nommiform meter
interpulse spacing is as follows:

U =2{%0.10)/ Ny,
= =0.20/ N,

The combined meter output error at the start and end
of a prover pass can be estimated by combining Equa-
tions 4 and 5 as {ollows:

Ul+ Up = 22F I NI A (2)(=P) /N (6

Note: Equation 6 sums the ecrors U and ., instead of taking the root
mcan square, the usual method ot celculation. This approach results
in a slighdy {arger prover than might otherwise be caleulated.

In this example the combined meter puise uncer-
tainty during a prover pass is as fallows:

4 Un=(+0.080+ Q. ZO)IN
= 20.280/ Ny
The maximum meter output error at the start and end
of a prover pass is limited to the following:
U+ U, = £0.0001¢{=0.01 pereent)
In this example the minimum number of meter pulses
that limits mete: error to =0.0001 is as toliows:
0280/ N, = =0.000!
Therelore,
& = 2800 meter pulses
The minimum prover volume is calculated as follows:

l""".\ﬂ} A’ /P
= 2800/ 8400
= (1.33333 barral (0.05295 cubic meter)
= 14.000 gallons (52.996 liiets)
= 3234.0 cubic inches (52,996 cubic centimeters)

The minimum diameter of a prover’s calibrated
chamber at the maximum flow rae is calculated as fol-
lows:

D, =[0n/(0.7854 V)]
In S1 units,

D, = [Q,/(0.735415)]"*
Where!

N, =inernal diameter of the prover's calibrated
chamber, in inches (centimeters).

O, =meter flow_rate, in cubic mches per second
(cubic centimeters per second).
Vi = displacer velocity, in inches per second (centi-
melers per second).

In this cxample the minimum prover diameter for the
velocity limit is calculated as follows:;

= {4620/ [(0.7854)(42)]°3
= 11.83 inches

P(mla)

In 81 units,
={75,708.2/{(0.7854)(106.68)]}**

= 30.06 centimetcrs

Phieto

The velocity of the digplacer at the minimum flow
rate, with the inside diameter given above, is calcutated

&s follows:

Vimin = Qu/{0.7854(D.%)]
=924 /[(0.7854)(11.83%)]
= 8.4 inches per second
= 0.7 foot per second

In SI units,

Ve = @n/ [(30.050(D)]
=15,141.6/[(0.7854)(30.05%))
= 21.35 centimeters per second

=(1.213 meter per second

Since the minimum calculated displacer velocity of
0.7 foot per scecond ((.213 meter per second} is more
than the design limit of 0.1 oot per second (0.03 meter.,
per second), the dinmeter of 11.83 iuches (30.05 centi-.
mieters) is snllsfactory

The prover’s calibrated section is caloulated as 10]

‘lows:

Ly =V, [1L7854(D,")]

In this example the minimum prover length. based on
the minhinun volume and diameter of the prover sec-
tion, is as follows:

Lip i = 3234/ [(0.7854)(11.83%)]
=29.42 inches

In SI units,

L., = 52.996/[(0.7854)(30.05%)]

= 74.72 centimeters

Pmin)

The error in the displacer’s position during a prover
pass can be cstimated as follows:
Ud = [2('\1 + Sd)]pr
Where: .
Uy = range of error in the displacer’s position during
a prover pass, expressed us a fraction.
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2 =numter of displacer positions during a prover
pass.

rq=range of repeatability of the displacer detector
or detectors, in inches (centimeters).

54 = range of stability in the mounting position of the
displacer detector or detectors, in inches (centi-
meters).

In this example the minimum length of the prover’s
calibrated section for a maximum error range of 0.0002
(0.02 percent) in displaccr pomuom during a prover
pass wouid be as follows: -

LP(_wn) = ;.(rd + J'd) / L'd
= [2(0.001 + 0.001}]/0.0002
= 20 inches

In S1 unirs,

I =2rg+s5q) Uy
= [2(0.00254 + 0.00254)}/0.0002

= 3.8 centimeters

P{mx

Since the minimum prover length corresponding to
the minimum diameter [25.42 inches (74.72 centi-
meters)] is ionger than the minimum prover length
based on displacer detector error [20inches (50.8 centi-
meters)], the former prover length is satisiactory.

4.3.5.3 SUMMARY OF PROVER DESIGN
CALCULATIONS

The miunimum volume equais 14.000 gallons {52,996
fiters). The minimum diameter equals 11.83 inches
(30.05 cenumeters) The minimum length equnls 29.42
inches (74.72 centimeters).

4.3.5.4 OTHER CONSIBERATIONS

When operating at its maximum design flow rate, the
small volume prover shall allow the displacer 1o come to
rest sately without shock at the eod of its travel.

When the prover 1s operating at its maximum flow
rate with hquids for which it was designed, there shall
be no sign of cavitation in the prover, the valves. or any
other apparatus within the specified temperature and
pressure ranges.

4.3.6 Installatlon

Ali installation companents of the small valume pro-
ver, including connecting piping, valves, manifolds. and
so forth, shall be in accordance with the applicable pip-
ing codcs. Once the prover s onstream, it becomes a
part of the pressure svstenl.

If the proving section and relzted components are
installed abovegroun, they shall have suitable hangers
and supporis prescribed by the applicable codes and in

accordance with sound engineering principles. Ade-
guate provisions shouid be made for cxpansion and con-
traction, vibration, reaction to pressure surges, and
other conditions.

Suitable valves shall be instalied to isolate the prover
unit from line pressure during maintenance, removal
of the displacer, repiacement of seals, clcaning, and
recalibration. Likewise, connections on the prover or in
the lnes should be considered for subsequent re-
calibrations.

All units shall be cqulppul with vent and dmm con-
nections, and provision should be made for the disposal
of liguids or vapors that are drained or vented from the
simall volume prover section. This may be accomplished
by pumping liquids or vapors back into the systcm or by
diverting them to a collecting point.

Temperature and pressure devices shall be instalied
in suitable locations near the meter and the prover so
that they can be used to determine the temperature and
pressure of each.

Blinded vaives or valve connections shonld probably
be providad on either side of u bubbletight biock valve
in the carvier stream to scrve as a permanent connectlon
for proving portable meters,

Installations in hazardous locations must.be recog-
vized as such, and all wiring and controls in these loca- -
fions shall conforin te the requirements of NFPA 70 and
any other applicable electrical standards. Provisions
shall bz made for proper grounding and electrical instal-
lution of portable small volume provers:.

Components shall come-from the class and group that
are most appropriate for the location and eperation. All
electrical controls and components should he placed in
a location that is convenient for operation and mainte-
nance. Manufacturers’ instructions should be strictly
followed during the installation and grounding of such
items us electronic counters. pulse-interpolation equip-
ment, and signal cables (sce Chapter 5.4).

Prcssure relief valves and leak-detection facilities
shall be wnstalled with discharve piping to control ther-
mal expansion of the liquid in the small volume prover
whilc it is isolated from fhe. main stream,

Power controls and remote controls should be suit-
ably protected with lockout switches between remote
and adjacent panel locatons to prevent accidentu! re-
mole operation while a unit is being controlled locally.

Suitable safety dovices and locks should be installed to .

prevent inadverienl uvperation of or unauthorized
tampering with equipment.

Automated Or power-operated meter proving sys-
tems may e equipped with emergency manual oper-
ators for use during a power failure.

Small volume provers may requure straining or fil-
tering equipment.
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4.3.7 Calibration
4,3.7.1 GENERAL CONSIDERATIONS

A small volume prover must be calibrated before it is
placed in service to determine its base volume (the cali-
brated volume corrected to standard conditions). Pe-
riodic recalibration of the prover is also required. Chap-
ter 12.2 gives details for determining all the coirection
factors and calculating the base volume. Some of the
differences in calculating the base volume of a small
volume prover are discussed in the following para-
graphs. ’

The accuracy of the base volume (documented en a
calibration certificatc), as dotermined, cannot be better
than the accuracy of the field standard vsed in deter-
mining it (see Chapter 12.2),

It should be clearly understood that the base volume
of a unidirectional prover 15 the calibrated volume cor-
rected to standard conditions and displaced between
detectors for a single pass, The base volume of a bi-
directional prover is the sum of the volumes displaced
between detectors for a round trip of the displacer and
corrected to standard conditions.

Some unidirectional small volume provers have one
or more shafts attached to the displacer: The shaft may
be continuous ar may be on only one side of the dis-
placer. If the shaft is continuous and uniform, the effec-
tive upstream volume may be equal to the effective
downstream volume; however,:if the shaft is un only
one side of the displacer. the effective upstream volume
will differ from the effective downstream volume. For
further clurification, if the shaft is on the upstream side
of the dispiacer, the cffeetive velume when a meter is
proved upstream of the prover will be less than the
effective volume when a meter is proved downstream of
the prover. Conversely, if the shaft is on the down-
stream side of the displacer, the effective volume when
a meter i proved upstream of the prover will be greater
than the effective volume when a meter 1s proved down-
stream of the prover. The difference in volumes is
equivalent to the volume displaced by the shaft. Both
volumes shall therefore be stated on the calibration cer-
titicate. If only one volume is determined, the certifi-
cate shall clearly state and identify the side of the prover
that is calibrated to ensure that it is the side used 10
prove a mcrer,

The methods of calibrating a small volume prover
include the waterdraw method, the gravimetric method,
and the master-meter method. The waterdraw method,
described in 4.3.7.2, is by far the most commot.

4.3.7.2 WATERDRAW METHOD

The calibration of small volume provers by the water-
draw method may be simplified where possible by plac-
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ing the prover, field standards. and test liquid in a stable
temperature environment shaded from direct sunshine
to aliow the equipment and hquid to reach an equi-
librium temperature.

Water is the ideal calibrating medium because of its
high heat capacity, low COmpI‘CSSlDll‘[y and low coeffi-
cient of thermal expansion compared 1o petroleum
liquids. The use of any other mediun in these measures
changes the surfice wension; consequently, the measure
is no langer calibrated. To prevent contamination of the
water, the prover and fill lines must be void of foreign
materiyls.

The displacers should be moved through the small
volume prover enough times to flush the prover and
eliminate air that may have been caught in parts of the
small volume prover system and to allow both the metal
and liguid of the prover system to reach a common and
steady temperaturc. Uninsulated small volume provers
that are calibrated outdoors under hot or cold condi-
tions should be temporarily insulatcd and sheltered to
reduce variations in temperature. In addition to stabi-
lizing the prover. it is necessary to verily that the valves,
seals, and dispiacer are secure and that there is na lc'\k-
age from or around the prover.

The temperature and pressure of the water at the-
prover, between the displacer and the standard mea-
sures, shall then be observed and recorded as the tem-
perature and pressure in the prover ot the start of cali-
bration. .

Test measures fur the culibration of small volume
provers shall comply with the requirements given in-
Chapter 4.7. High-sensitivity field standards with a”
resolution of 0.02 percent or better are recommended
for use in calibrating small velume provers. Only a sin-
gle tield standard or us few field standards as possible
should be used during a waterdraw calibration of a small
volume prover.

The prover may be calibrated using small-diameter
water lines and temporary valves. Automated fast-
responding valves actuated by the deteclor switches,
commenly called solenoid valves, shall be used. (See
Figurc 5.) Provisions shall be made to ensure that no
water bypasses the field standard, The data recording
sheets should be checked and signed by all parties that
witness the calibration,

4.3.7.3 CALIBRATING BIDIRECTIONAL
PROVERS

After completion of the preparatory steps for flush-
ing air out of the prover and stabilizing the temperature,
at least one nial calibration run should be made to
determine the approximate volume of the small volume
prover between its detectors so that the appropriate
number and sizes of field standards can be estimated. A
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minimum number of {ield standards should be used (see
Chapter 4.7).

Bidirectional calibration runs should now be started.
The displacer should be driven past one of the switches
into the space just outside the calibrated volume at
gither end of the small volume prover. The valves
should be reversed an that the displacer travels toward
the section to be calibraied while wasting the effluent
water, Before reaching the detector, the water should
be wasted slowly through a fast-acting automated valve.
The waste should be stopped by using Lhe [ast-acling
antomated valve at the instant the switch indication
shows “ON."” The temperature and pressure of the
water in the prover should be recorded. Next, all addi-
tional cfflucnt water should he directed into the se-
lected field standards. The withdrawals should be con-
tinued until the last field standard is being filled. The
withdrawal should be reduced to a controllable slow-
bleed rate through the fust-acting sutomated valve until
the *ON” switch indication is ohserved at the second
detector point; the withdrawat should be stopped at the
instant the switch shows “ON."” The total of the field-

standard volumes indicates the observed displaced vol- -

ume between detectors in that direction of travel under
conditions of pressure and temperature that exist at the
start of calibration. The fill condition of the drain hose
and other withdrawal equipment shull be the same at
the ¢nd of the withdrawal as it was at the start.

A similar dispiacer trip should now be made in the
opposite direction, repeating the procedure. These two
trips do not necessarily have to agree in observed dis-
placed volume because the action ot the detectors may
be different for each direction of travel.

The calibrating procedure should be repeated until
satisfactory repeatability is achieved. The average of at
least two consceutive round frip corrected volumcs
within 0.02 percent (:0.01 parcent of the average) 1s
required. The corrected volume for the consecutive
trips in any given direction shall alse agree within (.02
percent {£0.01 percent of the average).

The base volume is the average of two ar more con-
secutive round trips of the displacer within the toler-
ances after correcting to the stundard temperature and
pressure.

Failure to repeat may be caused by leaking valves, air
in the svstem, varving pressurs, improper condition of
tne displacer or dctecrors, or poor calibration tech-
nigue,

4,3.7.4 CALIBRATING UNIDIRECTIONAL
PROVERS

The base volume of a unidirectional prover is the
volume that is displuced us the displacer moves from
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one deteclor switch poinl 1o a second delector switch
point. The described one-way trip procedure should be
repeated untii satisfactory repeatability is achieved, The
average value for a minimum of two such one-way cor-
rected volumes is considered the base volume for the
prover at standard conditions,

This publication does not restrict the determination
of the base volume to two consecutive runs. More runs ,
may be used if agreed to by the parties involved.

The procedurc for calibrating a unidircetional prover
by the waterdraw method is substantially the same us
the procedure described for a singlic one-way trip of the
displacer in a bidirectional prover. The results of twa or
more consecutive runs (as agreed upon by the inter-
csted parties) shall agrec within 0.02 pereent (+0.01
percent of the average) or better to determine the base
volume. For waterdraw calibration of the upstream sec-
tion with the displacer moving in the opposite direction,
the procedures are exactly the same except that care

.must he taken to use the same edge of the detector

trigger that is used in calibrating the downstream sec-
tion, and the displacer and valve seals must be con-
firmed in this direction. In effect, the difference be-
tween upstream and downstream volumes is equivalent
to the area of the shaft ar shafts times the length be-
tween detector trigger points, '

4.3,7.5 REPEATABILITY

Repeatability 1s only one component of calibration
accuracy. By filling the same field standards with the
test runs made at an equal rate, an operator can com-
plete a series of erroneous calibrations as the result of
a consistent leak. This hazard can be reduced or elimi-
nated by making an additional run at a rate change of
at least 25 percent. With a changed flow rate, a different
volume (after correction) that is outside 0.02 percent
{+0.01 percent of the average) of te initial runs (after
corrcction) indicates the possibility of a leak in the
proving curcuit, which must be corrected before cali-
bration can be achieved. All corrected volumes at both
tlow rates shalt fall within (.02 percent (£0.01 pereent
of the average). This is irue ol both unidirectional and
bidirectional provers.

4.3.7.6 CERTIFICATE OF CALIBRATION

After a small volume prover is calibrated, the data
sheets shall be used to prepure a4 certification of cali-
bration. The certificate shall state the calihration
methed used, the base volume or volumes, the refer-
ence conditions, the serial numbers. and the date,

For unidirectional small volume provers that have a
shaft attached to the piston, the certificate shafl clearly
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state and identifv the side of the prover that is calibrated
to ensure that it is the sicde used to prove a meter.

4.3.8 Operation

Proving witl: sinall volume provers requiles the same
pood practices commonly zssociated with pipe pravers.

All valves in the flow path between the meter and the
small volume prover must be positioned so that fiuid
cannot he diverted from or added to the stream. All
valves associated with the prowving system must include
a method for detecting leaks and must be free from
leaks.

The proving system shall include at leust one temperu-
tute indicator in the flow line adjacent to the meter and

at least omne indicator adjacent to the prover (see

4.3.5.3).

Pressure indicators shall be installed at appropriate
locations [0 measure pressure at the meter and the
prover (see 4.3.5.4).

Venting should be performed on the small volume
prover and ut uther uppropriate localiony (o ensure that
air or gas is not trappad in the flow system before
proviog. )

Steady flow should be established in the system to
ensure stable temperature and pressure before proving.

The need for maintaining back pressure on the metei/
prover system depends on various factors suck as fluid
velacity, fluid vapor pressure, and cperating pressure
and temperature. (See Chapters 5.2 und 5.3 for recom-
mendations.)

Mster pulse output should be checked to ensure pulse
intagrity. Mechanical or electrical meter register tests
should be conducted belare proving.

The displacer seals of small volume provers should be
checked for sealing integrity in accordance with the
manufacturer’s recommeunded drocedure.

Pulse-interpolatior. or other types of counters used in
conjunction with smal{ volumz provers shall be verified
for correct operation before proof runs are conducted.
(See Chapter 4.6 for descriptions of calibratfion tests
and mnctional checks.)

Autcmated small volume provers that iocorporate
MICTOPFCCEsSSOT computer sequence control, pulse inter-
polation, data acquisition. und duta recuction shall be
tested for functional operation before meter proofs are
conducted. Such svstems sheuld contain sell-test fea-
tures to verify the operation of computer software and
hardware. Manufacturers’ procedures and recommen-
dations shiould be followed in accordance with the ap-
propriate sections of the Manual of Petroleurm Mea-
surement Standards. B

Ir: unidirectional small volunie provers. a proving run
consists of one trip of the displacer through the cali-
brated section.

Note: Care must be exercised during the use at displacers that incor-

perate i rud or rods, since the volomes upstream and downsircam of
the displzacer will be different.

In bidirecttonal small volume provers. 4 proving run
consists of a round trip of the desplacer (that is, the sum
of rwo consecutive trips in opposite directions through
the calibrated section) :

4.3.9 Nonuniform Puises

Caution is recommended when gear-driven pulse
generators are used on displaccment .meters o ensure.
that backlash, drnive-shaft torsion, and cyclic effects do -
not cause icregular pulse generation. If these problems
occur, an evalustion of thc gearing and  pulse-
generation systemis should De made {o ensure that
pruper equipment is selected to provide optimum
performance. Problems should be referred to the
manuracturer of the metet and e small volume prover.
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APPENDIX A—EVALUATION OF DISPLACEMENT METER PULSE VARIATIONS

A1 General

During the development of Chapter 4.3, a question
was raised about the magnitude of the puise variations
1n conventional displacement meter systems. No experi-
ence or data were known. and twe manufacturers vol-
unteered to test several meters to define the range of
pulse variations that could reasonably be expected.

Sgme of the terms used to describe pulse variations
include interpulse lingazty and pulse interspace vari-
ations. In fact, the concern is with pulse frequeney vari-
ations within one ¢ycle or rotation of a meter-measuring
element or the gear train that prov:des the output mo-
tion for the proving pickup or counter. Gear systems,
universal joints, and chutch-type adjusiment devices are
known to impart accelerations within a singie revolution
of a meter. The same variations may occur in gear-
driven lurbipe-meter vutputs and turbine-meter rotors
where the magnetic piugs are nor uniformly spaced on
the perimeter of the rotor. These are probably minor
vuriations compared with those that would be expected
turbine meters. o

Forty-four tests consisting of 10-25 provings with a
small volume prover and 1! tests consisting of tive pass
provings with a 34-barre! unidirectional displacement
prover were completed and recorded. The results are
summarized in A.2 through A.4.

A.2 Equipment
A.21 METERS AND PROVERS

The displacement weters were connected in series in
flowing-liquid test loops with nominal 15-gallon small
volume provers for the tests. A conventional 54-barrel
displacement prover was 11 the loop in onz series of
tests.

The meters were new production units avalluble at
the munufaciurer’s test facility. Each had limited pre-
test operation.

The pulses were generated in the conventiona] man-
ner from commercial displacement meters. Two 3-inch
meters, two 4-inch meters. and one 6-inch meter wers
used. Ip addition, a 3-inch and a 6-inch meter were
equipped with special closc-coupled pickup arrange-
ments to monitor the performance of the measunng
element only, without the influence of gears and shafts.

A.22 RECORDER

A precision high-frequency recording system was
used for the tests at both focations. The &-pen recorder
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with a chart speed of 50 millimeters per second was used
to display the pulse trains generated by the meters.

A.3 Analysis of Resulits

The chart records of the test were analyzed manually
to quantify the pulse variations. The following method
was used:

a. Pulses generated by several rotations of the meter
system were recorded.

b. The number of pulses representing 0.25 palion ol
liquid passing through the meter was counted and
marked. This resulted in 25- and 50-pulse segments for
the meter outputs thal were tested.

c. The length of chart represented by the pulses from
0.2 gallon was measured and recorded.

d. The seres of chart [engths was plotted in bar-graph
style.

¢. The maximwmin chart length (that is, the lowest fre-

quency segment) and the minimum chart fength (thatis, .

the highest frequency segment) within a mete) rotation
were identified.

g. The pulse variation was calculated as follows:

Percent pulse range =~
_ {maximum churt fength —ininimum chart length) x 100

2 = mean chart length

A.4 Results -
A.4.1 GENERAL

Figures A-1, A-2, and A-3 illustrate the typical bar-
graph analysis and results. The plots represent typical
results abtained for the three meter sizes and the acces-
sory equipment noted on the respective figures. The
graphs are typical and cannot he considered specific for
any given manufacturer’s equipment. The charts do,
howoever, illustrate the quality of the pulse output for
various accessoly arrangements and indicate the trend
in pulsc quality that may be expected from more or less
equipment on a meter stack.

A.4.2 EXPLANATION OF BAR CHART

A displacement meter equipped with a pulse gener-
ator produccs a series of electrical pulses separated by
spaces. For simpldication, a pulse should be considered
to have a length of 14 inch, which is then followed by a
spacc of ¥ inch. This is termed a 50-percent-on/
50-percent-off pulse train. This is predicated on the
meter operating at a constant flow rate.

by the AMERICAM PETROLEUM INSTITUTE (APD)
9 19:41:14 1996
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Even though the meter may be running at a constant
flow rate, irregularities in the merer’s drive mechanism
may cause the puisc train to be alternately compressed
and expanded.-

Each of the bar charts has a horizontal and vertical

axis, The horizontal axis represents the-total number of

pulses accumulated over « given period of lime, and the
numbers shown represent pulses counted on a linear
chart. The vertical axis represents the number of inches

etween the pulses counted on the horizontal axis.
Thus, on Figure A-1 the first six puises/spaces account
for 15.9 inches, whereas the second six pulses and ac-
companving spaces account for 16.0 inches, and so
forth. The shortest and the longest lengths in the bar-
chart group are 15.85 and 16.1 inches, respectively,

"Thus, 16.1 minus 15.85 divided by the mean length of 16

inches is equal to 1.5 percent interspace variation,
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APPENDIX B—METER FACTOR DETERMINATION WITH SMALL VOLUME PROVERS

8.1 General

The coniributors to the initial Chapter 4.3 perceived
a need to provide guidancc for the development of ac-
ceptable meter factors with small volume provers, The
methods described in the following paragraphs have
been demonstrated to vield meter factors either com-
parable to those obtained from conventional displace-
ment provers or considercd to be accurate within usual
tolerances by virfue of the repealtability of individual
passes or prover round trips or groups of passes or
praver round trips from properly operated systems.
Calculation details shall be in accordance with the usual
practices and as documentcd in Chapter 12.2,

The meter factors obtained ‘rom two separate pro-
vers for a specific meter and operating condition will
rarcly agrec cxactly because of the differences in the
cquipment. base-volume calibration wlerauces, meter
repeatability, and other factors. Agreement within (.04
percent { =0.02 percent of the average) 1s penerally con-
sidered acceptable for normul industry practice if no
other agreement has heen defined.

The following methods, based on observations and
experience, were compiled by the working group before
1986. The methods are for guidance only; they are not
a final recommendation, nor are they all-inclusive,
Other methods, some of which were arrived at by vari-
ous statistical technigues, exist but have not been sut-
ficiently demonsirated to be listed here. The methods
will ultimately be replaced by mature rechnigues to be
documented in a future section of Chapter 4 that will
address operational aspects of proving and will super-
sede this appendix.

B.2 Method 1

Turbine meters and displacement meters whose pulse
peneration is directly from, or very close 10, the measue-
ing elements can be proved with the same methods used
for conventiona! displacement provers, This normally
consists of five consecutive passes or round trips that
repeat within 0.05 percent {=0.025 peicent of the aver-
age). The average of the results from these passes or
prover round trips then becomes the meter factor to be
used in subsequent operations.

B.3 Method 2

Meters that have a nonuniform pulse output (that is,
turbine and displacemfent meteis with gear trains, shaft
couplings. and shaft-driven accessories)} may be proved
by inereasing the number of passes or prover round
trips or by increasing the repeatability tolerance. For
example,

10 passes or prover round trips that repeat within
(.10 percent (£0.03 percent of the average).

The average of the prover-pass results becomnes the
meter factor to be used in subsequent operations.

Additional passes or prover round trips may be added
as required to accommodate meters that repeat heyond
0.10 percent (x0.05 pervent of the average) because of
the nonuniform pulse characteristics. For example, 15
prover passes or prover round trips that repeat within
0.15 percent (£0.075 percent of the averaee) would be
the next level of consideration.

The rationale for this procedure is that as the nunber
of passes or prover round trips is increased, the repeat- .
ability performance of the meter usually increases and
at the same time the quality of the average improves.

B.4 Method 3

A meter that has more severe nonuniform pulse out-
put or a prover that is minimal 1n size may necessitate
using the following methed. The concepl is to accumu-
late tndividual prover passes or prover vound trips to
form groups and then to average each group. The
ranges of these groups should fall within tolerunces that
are consistent with the first and second methods. The
average of the group averages then becomes the meter
factor to be used in subsequen: operations.

Increasing the numbecr of passes or prover round trips
in each group will improve the quality of the intergroup
repeatability. Twenty passes or prover round trips per
group is considered a practical limit; more will not im-
prove tie quality, If an acceptable repeatability is not
obtained in 20 or fewer passes or prover round trips, the
meter manufacturer should be consuited.

N
Ay
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FOREWORD

Chapter 4 of the Manual of Petrolewrn Measurernery Standards was prepared 28 a guids
for the design, installation, calibration, and operation of meter proving systems commonly
used by the majority of petroleum operators. The devices and practices covered in this chap-
ter may not be applicable o all Liquid trydrocarbons under all operating conditions. Other
gpmofmvmg@msmﬂmmmvuodmm&apwmybewfwmi
agreed upon by the parties involved.,

The infommation ocatained in this editom of Chapter 4 supersedes the information con-
tzined in the previons edition (Firet Edition, May 1978), which iz no longer in peint, It also
supersedes the information on proving systems contained in APT Stendard 1101, Measure-
mere of Petrolewn Liquid Hydrocarbons by Positive Displacerment Meter (First Editton,
1960); AF1 Standard 2531, Mechanical Displacement Meter Provers; APl Stamdard 2533,
Metering Viscows Hydrocarbons; and AP1 Standard 2534, Measurement of Liquid Hydrocar-
bons by Turbine-Meter Systems, which gre no longer in print.

This publication is pcimarily imended for use in the United States and is related to the
stanxdards, specifications, and procedures of the Nationa! Burean of Standards and Technol-
ogy (NIST). When the information peovided herein is used in other countries, the specifica-
tions and procedores of the appropriate national standards organizations may apply. Where
appropriate, other test codes and procedures for checking pressure and electrical equipment
may be nsed.

For the purposes of business transactions, 1imits on emror or measurement tolerance are
vsually set by law, regulation, or mutual agreement between contractimg partics. This pobli-
cation s not intended to set tolerances for such purposes; it is intended only to describe
methods by which accepteble apprasches to any desired accuracy can be achieved.

MPMS Chapter 4 now contains the following sections:

Section 1, “Introduction™

Section 2, “Conventiona) Pipe Provers”

Section 3, “Small Volume Provers™

Section 4, “Tank Provers™

Section 5, “Master-Meter Provers™

Section 6, “Pulse Interpolation™

Section 7, “Field-Standard Test Measures™

Secticn 8, “Operation of Proving Systems”

Section 9, “Calibration of Provers”

AP 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; iwever, the
Instilute makes no representation, warranty, o guarantee in connection with this pnblication
and bereby expressly disclaims any lisbility or responsibility for loss or damage resulting
from its use or for the violstion of any federal, state, or municipal reguiation with which this
publication may corflict.

Suggested revisions are invited and sbould be subnmtted to the general raanager of the
Upstream Segroent, American Petroleom Institute, 1220 I. Street, N.W., Washington, D.C.
20005.

C!ATEQAC.
“ CENTRO DE INFORMACION
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Chapter 4—Proving Systems

... -Section 6~—Pulse Interpolation

0 Introduction

To prove meters that bave pulsed outputs, a minimum
pumber of pulses must be collected during the proving
period. The prover volume er the pumber of pulses that a
fiowmeter can produce per unit volume of throughpot is often
limited by design considerations. Under these conditions it is
necessary to Increase the readout discrimination of the flow-
meter pulses to achieve an uncertainty of €.01%.

The electronic signal from a flowmeter can be treated 80
thst intcrpolstion between adjacent pulses cam ocour. The
technique of improving the discrimination of a8 flowmeter’s
output is known as pulse interpalation. Although pulse-inter-
poladon techniques were originally intended for use with
small volume provers, they can also be applied 1o ather prov-

The pulse-interpolation method known as double-
chronometry, described in this chapter, is an cstablished
technigue used in proving fowmeters. As other methods
of pulse interpolation become accepted industry practice,
they should receive equal consideration, provided that
they can mect the cstablished verification tests and spec-
ifications described in this publication.

1 Scoape

This chapter describes how the double-chronometry method
of pulse interpolation, including system operating require-
ments and equipmant testing, is applied 1o meter proving.

2 Definilions

2.1 detector signal: A comaa closure change or other
sigual that starts or Stops & prover counter of timer and defines
the calibrated volums of the prover,

22 double-chronomelry: A pulse interpolation tech
pigue used t0 increase the readout discrimination level of
flowmeter pulses dsiected between prover detector signals,
This is accomplished by resolving these pulses into a whole
number of pulses plus a fractional part of a pulse using two
high speed timers and associated gating logic, controlled by
the deiector signals and the Rowmeter pulses.

23 flowmeter discrimination: A measure of the small-
est increment of change in the pulses per unit volume of the
volume being measured.

2.4 frequency: The number of repetitions, or cycles, of a
periodic signal (for example, pulses, alternating voltage, or
current) occurring in a 1-socond time period. The number of
repetitions, or cycles, that oocur in & 1-second period is
expressed in hertz.

LopyTight por American Potroleum nstitute
an Jan 03 156109 2000

2.5 melar pulse continulty: The deviation of the inter-
ptilse period of a fiowmeter expressad as a percentage of a
full pulse period.

26 nomrotating meter: Any meteting device for which
the meter pulse output is pot derived from mechanical rota-

" tion as driven by the flowmg stream. For example, voriex

shedding, vesturi tubes, orifice plates, somic nozzles, and
ultrasonic and clectromsgnetic flovineters are metering
devioes for which the oumtput is dexived from some character-
istic other than rotation that is proportional to dow rak.

27 pulss perfod: The reciprocal of pulse frequency, ie.,
a pulse frequency of 2 hertz, is equel o a puise period of 17
seconds.

28 pulse generalpr: An electonic device that can be
programmed to output voltage pulses of a precise frequency
or time period.

2.9 pulge interpolation: Any of the various techniques
by which the whole number of meter pulses is countad |
between two events (such as detector swich closures); any
remaining fraction of a pulss between the two cvents is calco-
lated.

210 rotating meter: Any metering device for which the
meter pulse cuiput is derived from mechanical- rotaticn as
driven by the fiowing stream. For example, trbine and posi-
tive displaccment meters are those metering devices far
which the output is derived from the continuous angtlar dis-
placement of a flow-driven member.

211 signslto-nolge ratio: The ratio of the magnitude

-of the electrical signal to that of the clectrical noise.

3 References

The current ediions of the foflowing standards are cited in

APL
MPMS Chapter 4, Proving Systems Section 3, “Small Vol
ume Provers™
Chapter 5, Metering Section 4, “Instrumentation and Aux-
iliary Equipment for Liquid Hydrocarbon
Metering Systems”, Seciion 5, “Security
and Fidelity of Pulse Data™

4 Doubie-Chronometry Puise
Interpolation .

Double~chronometry pulse interpalation requires counting
the total fteger (whols) number of flowmeter pulses, N,
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generated during the proving run and measuring the time
intervals, Tj and 73. 77 is the time interval between the first
Rowmeter pulse after the first detector signal and the first
flowmeter pulsc after the last detector signal. T is the time
interval between the first and last dewector signals,

‘The pulse counters, or timers, are started and stopped by the
xignals from the prover detector or detectors. The time intervals
Ty, comesponding to N, pulses, and 7>, camresponding to the
interpolated number of pulses (V;), ere measured by m accu-
rate clock, The interpolated pulse count js given as fallows:

Ny= N (ToT))

The use of double-chrorometry in meter moving requires
that the discrimination of the time intervals T and T» be bet-
ter than £ 0.01%. The tmme pexiods Ty and T shafl therefore
be at least 20,000 times greater than the reference period T, of
the clock that iz used to measure the titoe imtetvals. The clock
frequency £, must be high encugh to ensure that both the T
and T timers aceumulate st least 20,000 clock pulses during
the prove operation. This is not difficult to achieve, 88 current
electronics technology used for pulse interpolation typically
uses clock frequencies in the megabertz range.

4.1 CONDITIONSOFUSE

The couditions described in 4.621.1 through 4.6.2.1.3
apply o douhlechronometry pulse interpolation as described
in this chapter.
4.1.1 The interpoiated mumber of pulses, &Ny, will not be a
whole number. Np is therefore rounded off as described in
section 3,12 of MPMS Chapter 12,2, Part 3,

4.1.2 Pulse-interpolation methods are based on the
assumphons that actusl flow rate docs not change substan-
tizlly during the period between successive meter pulscs, and
each pulse represents the same volume. To maintain the valid-
ity of this assumption, the short pedod Aactuations in the flow
rate during the proving operation shail be mmnimized.

4,13 Bocause pulse interpolation equipment contains high
speed counters and timers, it is important that equipment be
ingtalled in accordance with the manufacturer’s installation
instructions, thereby minimizing the risk of counting spurious
puises caused by electrical interference ocourring during the
proving operation. The signal-to-noise ratio of the total sys-
temn shal] be adequately high to ensure that typical levels of
electricel interference are rejected, Refer to Chapter 54,
Chapter 5.5, and other sections of Chapter 4 for more detuils,

4.2 FLOWMETER OPERATING REQUIREMENTS

The flowmster that is being proved and is providing the
pulses for the pulse-interpolation system shall meet the fol-
lowing requiremnents:

a If the pulge repetition rate at constant flow rate cannot be
mainteined within the limits given in MPMS Chapter 4.3,
then the flowmeter can be used with a pulse-intezpolstion sys-
tem ouly at & lower overall eccuracy level, In this case, a
revised calibration accuracy evaluated or multiple uns with
averaging techniques.

b. The meter pulse continvity in rotating flowmeters should
be in accardance with MPMS Chapter 43. The gencrated
Bowmeter pulse can be observed by an oscilloscope, whose
time base is set to a minimum of one full cycle, to verify
meter puise continyity of the flowmeter.

<. The repeatability of pomrotating Bowmeters will be a fumc-
tion of the rate of change in pulse frequency at a constant flow
rate. To apply pulse-interpolstion techniques to nonrotsting
flowmeters, the meter pulse continuity of the Howmeter
should be in accordance with MPMS Chapter 4.3 to maintain
the celibration eccuracy.

d. The size and shape of the signal genessted by the Sow
meter shonld be suitable for presentation to the pulse-interpo-
lation system. If necessary, the signal shoold underpo
amplification and shaping before it entees the pulse-interpola-
tion systemn.

5§ Electronic Equipment Testing

Thepropetopu'anonofpulscmta-polmdacuumuis
crucial to accurate meter proving. A functional field test of
the total system should be performed pedodically to cnsure
that the equiptent is performing correctly. This may simply
be a hand calculation verifying that the equipment correctly
calculates the interpotated pulses per 4.6.2, or if need be, a
complcte certification test as desczibed in 4.63.2_ if a prob-
lem is suspected.

6 Functional Operations Test
Requirements

Normal industry practice is to usc a microprocessar based
prover compuier 1o provide the pulse interpolation func-
tiens. The prover computer should provide dizgnostic data
displays or printed dats reports which show the value of all
parameters and variables neoessary to verify proper operation
of the system by hand calculstion, These parameters and vari-
ables include, but are not limited to, timers 77 and T3, the
nomber of whole flowmeter pulses N, and the cakeulated
interpolated pulses N;.

Using the diagnostic displays peovided, the unit should be
functionally tested by perfarming a sequence of prove rung
and analyzing the displayed or printed results,

7 Certification Test

Certification tests should be performed by the prover com-
puter manufactorey prior shiproent of the equipmens, and if
necessary, by the user on a scheduled bagis, or as mutually

- '3"\‘
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SECTION 8—PuLSE INTERPOLATION 3

agreed upon by all interested partics. The certification tesis
provided in this chapter do not preciude the use of other tests
. that may be performed on an actual field inatallation.

A block diagram of the cegtification test equipment is pro-
vided in Figure A-2,

An adjustable, certified, and traceable pulse generator with
an output upcertainty equal to ‘or less than 0.001% is in-
stalled that provides an outpar signal of frequency Fy, simu-
lating a flowmeter pulse train, This sighal is copmected to the
flowmeter input of the prover flow computer,

A second adjustable, certified, and tracesble polse genera-
tor with an output uncertainty equal to or jess thap (.001% ie
installed that providss an output pulse signal scperaied by
time period T, simulating the detector switch signals, This
signal is connected o the detector switch inpurs of the prover
computer.

The puise interpolation function is more critical when there
are fewer flowmeter pulses collected between the detector
gwitches, Set the output frequency of the first generator to
produce a frequency equal o the fiowmeter that has the low-
¢st number of pulses per umit volume to be proved with the
cquipment, at the highest proving Aowtate expected.

The pulse interpolation function ig also more critical when
there are fewer clock pubses collected between the detector
switches. Set the pulse period of the second generstor o pro-
vide a volume time, T equal to that which would be pro-
duced by the prover detectors al the fastest proving flowrale
expected.

Example: A small volume prover with a watendraw volume
of 0.81225 barrels will be used to prove a turbine meter (K
Factor 1000 pulses per barrel) al a maximum of 3000 barrels
pex bour.

Volume time T, for (.81225 barrels at 3000 barrels per
hour:
= 3000x0.81225/3600

T; = 0.676875 secomds

Flowmeter frequency Fy, produced by flowmeter (K Pactor
lﬂx})umm&spuhmr

= 3000 x 1000/ 3600
F, = 83333333 hertz.

The caicnlated intespolated flowmceter pulses Ny are sim-
plyﬂtxmhmdﬂmﬁmyr times the simu-
lated volume time T,

83333333 x 0.676875
= 564.0625

Verify the actual results displayed or printed by the prover
computer under test, ensuring that they are within + 0.01% of
the calculated value,

It is possible to select a simulation frequency Fp, above
whosc pulse pericd is an exact multiple of tilne period 77,
thereby synchronizing the sipmiated flowmeter pulses and
detectar signals, Jf this is the case, it will be necessary o
modify either the sinmlbated lowmeter frequency Fy, or the
simmlated detector switch period T'; slightly to ensure that the
interpolated puises will inclede a fractionat part of a pulse.

8 Manutacturer’s Certification Tests

Certification tests should be performed at a number of sim-
ulaled conditions, These conditions should emcommpass the
prover device’s range of prover volume times, 75, and flow-
meter pulse frequencics, £, The manufacturer st provide,
on request, a test certificate detaiting the maximom and minj-
mum values of prover volume time, 75, and Sowmeter fre-
quency, Fy,, that the equipment is designed to accept.

If the pulse-interpolation cloctronics are tested and verified
using the equipment and procedures shown, they can be used
during a flowmeter proving operation with confidence that
they will contribute an uncertainty of lexs than 2 0.01% to the
overall uncentainty of the proving operations within the pulse-
signal-frequency range tested.
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APPENDIX A—PULSE-INTERPOLATION CALCULATIONS

A1 General

The double-chronometry method of pulse interpolation is
described in 4.6.2. Figure A-1 is a disgram of the electrical
signals required for the techmique. The technique provides the
numerical data required to resolve a fractional portion of a
single whole flowmeter pulse. Doubie-chronometry pulse
interpolation requires using the following three clectrical
counters: CTR-Ny, to count whale fliowmeter pulses, CTR-T;
0 count the time required to accammlata the whole flowmnetex
pulses, and CTR-T3 to count the time between detector sip-
nalz, which define the displaced prover volume.

The double-chronometry technique reduces the total mmm-
ber of whole flowmeter pulses normaily required for the dis-
placed volume o fewer than 10,000 to achicve 2
discrimination uncertainty of 0.02% (= 0.01% of the average)
for a proof cun.
senied in 4.6.2 and shall he used in confunction with a prover
designed in accordance with the aizing parmesers described
in MPMS Chaptex 4.3.

The examples given in A2, which conform to the guide-
lines in 4.6.2, each represent a single case of defined data and
are oot necessarily representstive of all availahle polte-inter-
palation methods.

A2 Examples

EXAMPLE 1—INTERPOLATED PULSE’
CALCULATION

The following data are given:

A1

Fe = clock frequancy used to measure the time imter-
vals, in bertz > (20,000/N)F -
Fy = flowmeter prlze cutput frequency (the maxj-

mum value for analysis), in hertz
= 520,

Ny = wl number of whole flowmeter pulses
= 200 (CTR-Ny).

N; = number of interpolated fiowmeter pulses
= (ToT) N

T = time imterval counted for the whole fiowmeter
pulses (N) in seconds
=243914 (CTR-T)).

T = Hitpe interval between the first end second val-
urne detector signals (that is, the displaced

prover volume), in seconds
= 243917 (CTR-T>).
I the required palée-imerpolation umoertainty is better than
*&Ol%then A
1oo.om>(m,ouum:pumxmm;,
> (100)(520),
> 52,000,
Note: The pesiod of the clock is the reciprocal of the fequency, T =
fp The pexiod of | clock pabe is therefore Yyonang bere, or
Q.00001 second, The discrimination of the clock is 20000t ) o o or

0.0004%. The requirament for the value of F,, and the disaimigation
tequirement in 4.6.2 are thexefore satinfied.

To calculate the intepolated pulses,
Np = (243917/2.43914)(200),
= (LOO0OLX200),
= 200.002.

A22 EXAMPLE HEH'I'IFICATION
- CALCULATION

Using equipment as shown in Figure A-2, the following
datn applics.
Siroulated data-
Frp = wbeﬁeqmyofgmmmmhdmcmm—
lating meter pulses, in bertz
= 233.000,
T’y = pulse pedod of generator munber two simulst-
ing detector signals, in seconds
= 1.666667.
Observed data at prover computer being tested:

Nip = namber of whole flowmeter putses
=388

T, = number of clock palses accurnnlated during
whole flowmeter counts Ny
= 166,523.

T; = oumber of clock pulses accunmlated during
simuiated prove vobume
= 166,666.

Nomthatboﬂ:ﬂmnauihmhwd>mm

Ny = calculated interpolated pulses based on certi-
fied pulse generators,

Pravious page is blank
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w FuXTy . 'The certification test agreement required betwoen Ny and
N}, Is better than + 0.01%. then
233 x 1.666667, .
= calculated interpolated pulses based on prover (388.33341 — 388.33319)/ 38833341 = 0.0000005
conmpiter observations, -

N The test device results agree with cakulated resuhs based
= Nu (TATD. on traceable pulse generaiar data within 0.00005%, The certi-
= 388 x 166666/166523, Qcatlon test num is acceptable.
= 38833319,

38
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u FuxTy The certification teet agreement required betwoen N and
Ny, s better than + 0.01%. then
= 233 x 16606667, o
- 38333341 (V) -~ NIV < 0.0001 '
Ni = calculsted interpolated pulses based ca prover (38833341 - 388.33319)/ 388 33341 = 0,0000005
coraputer observations,

' The test device results agree with calculated resuhz based
= Nu(ToT0 on tracebls palse genecasor data within 0.00005%. The certi-
= 388 x 166666/166523, fication teat rm i acceptablc.
= 388.33319.
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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 publi-
cation 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 the Measurement Coordi-
nator, Exploration and Production Department, American Petroleum iInstitute, 1220 L
Street, N.W., Washington, D.C. 20005.
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Chapter 4—Proving Systems

SECTION 8—OPERATION OF
PROVING SYSTEMS

4.8.1 Introduction

This guide is intended 10 provide essential information on
the operation of the various meter-proving systems used in
the petroleum industry.

In the petroleum industry, the term proving is used 1o refer
to the testing of liquid petroleum meters. A meter is proved
by comparing a known prover volume to an indicated meter
volume. The meter and prover volumes are then subjected to
a series of calculations using correction factors to convert
volumes to standard conditions for the effects of temperature
and pressure to establish a meter factor.

Liquid petroleum meters used for custody transfer
measurement require periodic proving to verify accuracy and
repeatability and to establish valid meter factors.

Conventional pipe provers, small volume provers,
master-meter provers, and tank provers vary in size and may
be permanertly installed or mobile. These prover types are
described in API MPMS Chapter 4.2 and in more detail in
their respective sections of this chapter of the AP Manual of
Petroleum Measurement Standards (MPMS).

4.8.1.1 SCOPE AND FIELD OF APPLICATION

This guide provides information for operating meter
provers on single-phase liquid hydrocarbons. It is intended
for use as a reference manual for operating proving systems.

The requirements of API MPMS Chapter 4.8 are based on
customary practices for crude oils covered by Table 6A and
products covered by Table 6B in APl MPMS, Chapter 11.1.
Much of the information in API MPMS Chapter 4.8 is appli-
cable 10 other fluids. Specific requirements for other fluids
should be agreeable to the parties involved.

4.8.1.2 DEFINITION OF TERMS

4.8.1.2.1 Meter proving is the comparison of a known
prover volume to the indicated meter volume; the meter and
prover volumes are then subjected to a series of calculations
using correction factors for temperature, pressure, and API
gravity (or relative density) to establish a meter factor.

4.8.1.2.2 A meter factor is a dimensionless number
obtained by dividing the volume of liquid passed through the
meter (as measured by a prover during proving) by the corre-
sponding meter-indicated volume, both at standard conditions.

.8.1.2.3 Base prover volume is the volume displaced
between detectors at standard conditions, in other words,
15°C (60°F), 101.325 kPa (0 psig).

4.8.1.24 A proving run or calibration run consists of one
round trip of a bidirectional prover, one pass of a unidirec-
ticnal prover, one filling of a tank prover, or one test run with
a master meter.

4.8.1.3 AP| REFERENCED PUBLICATIONS

API
Manual of Petroleun Measurement Standards (MPMS)

Chapter 1, “Vocabulary”
Chapter 4, “Proving Systems,” Section 2, “Conventional
Pipe Provers™ Section 3, “Small Volume Provers™;
Section 4, “Tank Provers”; Section 5, “Master-Meter
Provers™; Section 6,.*'Pulse Interpolation™
Chapter.’5, “Meéiering,” Section 2, “Measurement of
Liquid Hydrocarbons by Displacement Meters™; Section
3, Measurement of Liquid Hydrocarbons by Turbine
Meiters”; Section 4, “Accessory Equipment for Liquid
Meters”; Section 5, “Fidelity and Secunty of Flow
Measurement Pulsed-Data Transmission Systems”
Chapter 7, “Temperature Determination,” Section 2,
“Dynamic Temperature Determination™
Chapter 11, “Physical Properties Data,” Section 1,
“Volume Correction Factors”
Chapter 12, “Calculation of Petroleum Quantities,”
Section 2, “Calculation of Liquid Petroleum Quantities
Measured by Turbine or Displacement Meters™
Chapter 13, “Statistical Aspects of Measuring and
Sampling,” Section 2, “Statistical Methods of Evaluating
Meter Proving Data"

4.8.2 Pertinent Information, Applicable
to Meter Proving Systems in
Chapter 4.8

4.8.2.1 THE NEED TO PROVE

A meter in service should be periodically proved to
confirm its accuracy. The previously determined meter factor .
may no longer be applicable due to changes in fluid charac-
teristics, operating conditions, and meter wear. Specific
reasons for proving meters include the following:

a The meter has been opened for inspection or repair.

b. The meter calibrator has been changed or requires
changing.

c. Any of the meter accessories have been changed, repaired,
or removed.

d. Changes in operating conditions have occurred, such as
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API gravity, relative density, viscosily, temperature, pres-
sure, or flow rate.

¢. Contractual requirements exist, such as scheduled meter
maintenance based on volume throughput and/or elapsed
time.

4.8.22 TYPICAL METERING INSTALLATIONS

Typical metering installations are shown in Figure 1 and
Figure 2. There are many variations encountered because
of specific design requirements. Mobile provers are usually
used with single melter installations. Installations with
multiple meters usually have a permanently installed
prover. '

4.8.2.3 PREPARATION FOR PROVING WITH A
MOBILE PROVER

This section summarizes the preparatory work that should
be done in a specific sequence.

The specification of the mobile prover must be reviewed
to ensure that the prover is suitable for the flow rate, pres-
sure, and the temperature of the metering facility. Pressure
and temperature ratings must satisfy all regulations and

standards. Prover materials must be compatible with the-

metered liquids. Elastomners are especially susceptible to
damage from incompatibility. The elastomers of the

sphere/piston, flange o rings and-gaskets, valve seals/seats,
hoses, swivel fittings, and so forth, must be compatible with-

the liguid.

Check that the product in the prover is compatible with
the current product to prevent contamination. If incompat-
ible, it may be necessary 1o drain and flush the prover.

On amival at the site, the operator should () report to the
site supervisor to arrange for assistance, (b} identify the meter
to be proved, (c) identify connections, {d) arrange for electnic
power (if required), (e) arrange for disposal of liquid (if not
returned to the pipe line), (f) set up traffic barriers, and so on.

The prover should be properly positioned, leveled,
braked, and electrically grounded. If a vapor recovery
system is used during normal metering operations, consider-
ation should be given to operating the vapor recovery
system during the meter proving. Before removing blind
flanges or end caps from the connecting stubs, make abso-
lutely certain there is no pressure behindg the flanges. Always
inspect the hoses before and after connecting the prover for
signs of wear and damage. Make all necessary ¢lectrical
connections.

4.8.2.4 TEMPERATURE, PRESSURE, AND
DENSITY MEASUREMENTS

Use thermomelers or temperature transducers with the
highest practical scale resclution as recommended in AP]
MPMS Chapter 7.2, and record as recommended in API
MPMS Chapter 12.2.

Pressure gauges or pressure transducers should be selected
to a scale resolution as recommended in API MPMS Chapter
4 and recorded as recommended in API MPMS Chapter
12.2.

Density (API gravity or relative density) is determined by
using either a densitometer, a thermohydrometer or hydrom-
eter and thermometer, with density resolution equivalent to
0.1 degree API gravity or better, and recorded as recom-
mended in API MPMS Chapter 12.2.

4.82.5 INDICATED VOLUME CORRECTION

4,825.1 Meter Factor

A meter is a mechanical device and is affected by slip-
page, drag, and wear. A meter reacts differently when
metening different liquids. A meter factor is used to comect
the indicated volume to the actual metered throughput.

The meter factors CTL and CPL (see API MPMS
Chapter 12.2) are used to correct the indicated meter volume
to gross standard volume on a measurement ticket: A meter
factor is the ratio of the gross standard volume of liquid :.
passed through the prover (GSV,) to the indicated standard
volume of the meter (ISV,,), expressed by the following .
equation: :

MF = GSVpI ISVu

Meter and prover volumes shall be-corrected to base
conditions (for example, 60°F, 0 psig). The values of GSVP
and ISV, shall always be expressed in the same units. This
makes the meter factor a nondimensional number.

See APl MPMS Chapter 12.2.

4.8.2.5.2 K-Factor

Some meters such as turbines may not be equipped with a
counter that reads directly in units of volume. Their output is
a series of electrical pulses (n) that is proportional to the
volume (v} passed through the meter. K-factor is defined as
the number of pulses generated by the meter per unit
volumne, as expressed as the following:

K=nilv

A new K-factor may be determined during each proving to
cormrect the indicated volume to gross volume. If a new K-
factor is not used, a constant K-factor may be used, and the

new meter factor will correct indicated volume to gross
volume.

4.8.2.6 PULSE GENERATING METERS

A meter must produce 2 high-resolution electrical pulse o
drive a proving counter. Two basic types of pulse-generating
meters commonly used in the petroleum industry are turbine
and displacement meters.

A turbine meter uses the energy of the fluid stream to turn

a
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Note: o
1 = Upstraam block valves.
2 = Filtars/strainers/air eliminators (as required).

A = Flow straightener.

4 = Turbine flowmeter.

5 = Main block vaive (double block & vent).
6 = Isolation valves.

7 = Plpe prover.

8 = Detactors.

8 = Flow control valve (as required).
10 » Non-return valve {88 required).
Tl « Thermometer.

P{ = Pressure gauge.

Figure 1—Simple Turbine Flowmeter Installation
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Note:

1 = Upstream block valves; 2 = Fiiters/strainers/air eliminators (as required); 3 = Flow straightenars; 4 = Turbine flowmaters; 5 = Maln blockvalves (double block-and-bleed);
6 = Isolation valve; 7 = Pipe prover; B = Deteclors; 9 = Flow control valves (as required); 10 = Non-retum valve (as required); T| = Thermometer; Pl = Pressure gauge.

Figure 2—Typical Multi-Stream Metering Installation
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a bladed rotor which produces an electrical signal that is
proportional to flow.

A displacement meter mechanically separates the liquid
into discrete quantities of fixed volume. The rotation of the
displacement meter is used to drive a pulse-generating
device with its output proportionat to flow.

4.8.2.7 PULSE INTEGRITY CHECK

The displacement-meter pulse generator should be
checked for pulse integrity. One method is to check the
number of pulses per revolution of the disk. Each time the
slotted disk used to generate pulses completes a revolution,
a fixed number of pulses (1000 for example) should be
generated. A magnetic or optical switch on the disc starts
and stops the proving counter. The proving counter should
indicate 1000 pulses plus or minus 1 pulse (that is, 999 to
1001 pulses).

This procedure should be repeated until at least the
minimum number of pulses equals one pass of the prover
displacer. If the pulse integrity check fails, then the meter
drive train, the pulse generator, the counter, cables, or
connections are faulty and should be repaired or replaced
before proving is undertaken.

Turbine meter pulse integrity can be checked by displaying
the pulse train on an oscilloscope. A missing pulse may be the
result of a loose or missing turbine meter rim button or blade.
If a nonuniform pulse train is produced, the meter should be
repaired or replaced before proving is resumed.

4.8.2.8 POTENTIAL PROVING PROBLEMS

The meter and all of its associated equipment (such as
gear trains, registers, compensators, and counters) must be
maintained in good working order, both mechanically and
electrically. The meter should also be inspected whenever its
performance is in question, if mechanical or electrical prob-
lems exist, or as required by contract or regulations.

The meter should be operated in the linear portion of its
performance curve, and the prover should be operated within
its flowrate limitations. The meter should be proved as close
as practical 1o the same conditions under which it normally
operates. Meter performance is dependent upon flow rate.
Therefore, during proving it is essential that flow rate be
maintained as steady as possible within the normal operating
flow range of the meter.

4.8.28.1 Flow Conditioning

A strainer or filter should be provided upstream of the
meter to protect it from being damaged by foreign materials
and entrained solids.

Downstream of a partially opened valve or a pipe fitting,
the cross-sectional velocity will be nonsymmetrical. This
velocity profile has little or no effect on the performance of
displacement meters, but seriously affects turbine meters.

Flow conditioning upstream and downstream of a turhine
meter should be per APl MPMS, Chapter 5, Section 3.

Itis essential that the pressure in the meter and the prover
be higher than the vapor pressure of the liquid. With turbine
meters, this back pressure must not be less than that speci-
fied in API MPMS, Chapter 5, Section 3. A common method
of preventing vaporization is the use of a back-pressure
control device downstream of the meter.

Entrained vapor will cause erroneous proving results, Any
time a system is filled with liquid, all vapors must be vented.
If the venting is not properly done, vapor left in the line will
subsequently be swept through the meter/proving system.

When liquid is withdrawn from a tank with a tow liquid
level, a vortex at the tank discharge may form, causing air or
vapor 1o be drawn into the meter stream. A vortex breaker
may be installed in the tank to prevent vortex formation, and
an air/vapor c¢liminator is often installed upstream of the
meter to prevent vapor from flowing through the meter.

4.8.2.8.2 Temperature Variations

For best results, the prover temperature and the meter
temperature should be stabilized. When a prover has been
off line, more time is required for temperature equilibriumn to
be attained. The ability to detect temperature changes during
proving is essential if accurate results are to be obtained with
a meter prover.

4.8.2.8.3 Valve(s) Leakage

During proving, it is essential that all tiquid flowing
through the meter flows through the prover. Therefore, the
sphere interchange in a unidirectional prover, the four-way
valve in a bidirectional prover, and every valve between the
meter and the prover must seal leak-tight when closed. Any
leakage through the valves will cause an error in proving.
These valves should be of a double block-and-bleed type or
of a similar valving configuration to insure seal integrity. All
valves to the prover from other meter runs must be isolated
without leakage during proving. Drains, vents, and relief
valves must seal dunng proving.

The space between the seals on a double block- and-bleed
valve or valving configuration is connected to a small bleed
valve, pressure gauge, or pressure switch to verify seal
integrity. Seal integrity should be checked each time a valve
is closed.

4.8.2.8.4 Efiect of Wear, Damage, and Deposits
on Meters and Straightening Sections

As a displacement or turbine meter wears, its meter factor
will gradually change. Therefore, all meters should be
proved at regular intervals.

Turbine meters and their straightening sections with
tube-bundles or vanes are susceptible to collecting foreign
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objects traveling in the flow stream. They should be
inspected and cleaned periodically.

Turbine meters are especially susceptible to the effects
from deposits because they are velocity devices. Layering or
coating of the meter’s internals wili change the velocity of
the liquid flowing through the meter and cause the meter to
register incorrectly.

Temperature changes can affect the mechanical clearances
of displacement meters, as well as the viscosity of the fluid
being metered. This may result in changes in slippage.

4.8.2.8.5 Electronic Equipment and
Instrurnentation

All electrical and electronic equipment, such as counters,
switches, interconnecting cables, and grounding cables, shall
be periodically inspected for condition and for proper instal-
lation and operation. Operating procedures may require
special permission or permits before equipment is connected.

A counter may miss some of the pulses generated by the
meter, in which case the counter will read low. Counting too
few pulses is usually caused by sefting the sensitivity control

on the counter too low, or by an electrical fault which has.

developed. By adjusting the sensitivity control or by elimi-
nating the electrical fault, the trouble can usually be
corrected. :

A counter may include signals from outside sources as
pulses. These signals, not generated by the meter, will cause
the counter to read high. Signals not generated by the meter
can originate from electrical power supplying the counter,
electrical welding equipment, radio transmitters, and so
forth. These pulses may be intermittent and difficult to
detect. See API MPMS, Chapter $, Section 5.

Signal transmission cables should be kept as far away
from power cables as possible and should cross power cables
at right angles. Shielded signal transmission cable is
normally grounded only at the instrument-receiving end to
prevent a ground loop (current that travels along the shield
and adversely affects the signal transmission).

4.8.2.8.6 Flow Rate Variations

Meter performance is dependent upon flow rate; thus,
flow rate during proving shall be maintained at or near the
normal operating flow rate.

4.8.2.9 METER REGISTRATION (HEAD) CHECK

Compare the meter register (indicated volume) to the
proving-counter registration. This can be done by manually

gating (starting and stopping) a prover counter connected to
" the transmitter, based on a significant volume registered by
the meter counter or register. The pulses displayed on the
prover counter are then compared to the volume displayed
on the mechanical register. If the meter generates 8400

pulses per barrel, the prover counter should show apprexi-
mately 84,000 pulses for each 10 barrels on the register.

48210 FREQUENCY OF METER PROVING

The frequency required for proving varies from several
times a day to twice a year or even longer depending upon
the value of the liquid, cost/benefit to prove, meter proving
history, meter system stability, and variations of operating
systems,

For farge volumes or different liquids, a permanently
installed prover is normally used. The meters should be
proved whenever the flow rate, temperature, pressure, AP]
Gravity (relative density), or viscosity changes significantly.
Normally, time or volume is used to determine when the
meter should be proved.

When metering a single or similar liquid, the meter factor
is rormally applied forward to the meter's indicated volume
until the meter is reproved. Normally, there is a prescribed
deviation limit between consecutive meter factors on the
same or similar liquid. When this deviation limit is
exceeded, the previous and the new meter factors are
normally averaged and applied to the indicated volume
during this period. If the deviation limit is consistently
exceeded, it may be appropriate to reduce the interval
between meter proving. It may also be appropriate 10 inspect
and repair the meter and the proving system.

When batching operations permit, a new meter factor
should be determined for each batch. This applies to
batching operations involving different liguids or lengthy
down time. When a meter is proved during a batch, the meter
factor should be applied forward unti! the meter is reproved
during the batch. If the meter is reproved during the batch, a
deviation limit may be installed between consecutive meter
factors, or the meter factors may be averaged. When this
deviation limit is exceeded, the previous and new melter
factors are normally averaged and applied to the meter’s
indicated volume between these provings. If it is impractical
to prove each batch, meter factors are normally applied
forward until the next proving, as is the case with
nonbatching operations.

The proving frequency for new systems should start at
short intervals and be extended to longer intervals as confi-
dence increases in the system. See APl MPMS Chapter 13.2
for statistical evaluation of meter proving data.

PROVER RECALIBRATION
FREQUENCY

Typically a prover’s base volume is onginally certified at
the manufacturer site by the water draw method in the pres-
ence of the purchaser and other interested parties. Prover
volumes may change as the result of worn or faulty detector
switches; the reduction of internal coating thickness; or loss
of internal material due to oxidization, abrasion, or the accu-
mulation of foreign matenial (such as wax) buildup. Subse-

48211
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quent calibration is required whenever a change in base
volume could have occurred.

Six considerations determine how frequently a prover
should be recalibrated. They are usage, time, calibration
history, calibration cost/benefit, contractual requirements,
and value of the metered liquids. Usage causes wear, and
time contributes to deterioration of the prover.

For the recommended procedure for calibrating a prover,
refer to API MPMS Chapters 4 and 12.2. Recalibration of
provers should occur when any one of the following condi-
tions exist:

a. Alterations or repairs which affect the certified volume are
made to the prover.
b. A meter control chart indicates a change in prover
volume,
¢. The maximum interval indicated below has elapsed.
1. Three years for smal! volume provers and mobile
provers.
2. Five years for permanently installed pipe provers.
3. Five years for permanently installed tank provers.
4. Three months for master meter provers.

The prover displacer and the'inside surface of the prover
should be inspected periodically. The surface of a sphere or
the contact edge of a piston cup or seal may indicate the
internal condition of the prover. If these surfaces or edges
are scored or worn, this maj_ indicate that the prover
requires further inspection or fépair and may require recal-
ibration.

4.8.2.12 FILLING AND PRESSURING THE
PROVER

This section refers to conventional pipe provers, small
volume provers, and master meter provers. This section does
not pertain to tank provers, which are covered in 4.8.5.4,

After checking that end closures and any openable
fittings are properly fastened and that all vent and drain
valves are closed, proceed with filling the prover in the
following sequence:

a. Partially open the prover isolation valve to fill the prover
slowly.

b. Observe the system for leaks. Wait until the system is
completely filled and the connections have been shown to be
leak-ught. Verify the seal integrity of all vents, drains,
reliefs, and all double block-and-bleed valves.

¢. Open the vents to allow discharge of air/gas when the fluid -

is admitted into the prover.

d. Fully open the prover inlet and outlet valves.

e. Close the valve to divert all flow through the prover.

f. Operate the prover and continue to vent the high points
until no air is observed.

g Close the vents when air or vapor is no longer observed.

4.8.2.13 CERTIFICATION

Verify that the prover has a valid calibration certificate
and that the certificate is for the prover being used, by ven-
fying the prover senal number with the serial number on the
certificate. If a conventional pipe prover is being used, check
to ensure that the prover volume between detectors s suffi-
cient to accumulate a minimum of 10,000 pulses. If not,
pulse interpolation techniques are required. Since some
provers have more than one calibrated volume, verify that
the proper calibration certificate is being used.

If a tank prover is used, verify that the prover volume is
equal to a minimum of one minute of the maximum oper-
ating flow rate. See APl MPMS, Chapter 4.4.

If a master meter is used, all data that is used to develop
the master meter factor(s), including the prover calibration
report, certificate, and master meter factor(s) reports should
be available.

If a small volume prover is used, verify that the interpola-
tion system has a valid and current calibration certification.
Refer to API MPMS, Chapter 4, Sections 3 and 6.

4.8.3 Conventional Pipe Provers

e

4.8.3.1 PRINCIPLE OF OPERATION

The basic principle on which the pipe prover operates is
shown in Figure 3. A sphere or piston known as a dx'spiacer
is installed inside a specially prepared length of plpe When
the prover is connected in series with a meter, the dlsplaccr
moves through the pipe and forms a sliding seal against the
inner wall of the pipe so that it always travels at the same
speed as the liquid flowing through the pipe.

In some conventional provers, the displacer is a piston with
clastomer or plastic seals. However, in most conventional
provers, the displacer is an elastomer sphere. To provide good
sealing, the pipe bore must be smooth.

At two or more points in Figure 3, there are devices known
as detectors fixed to the pipe wall. These detectors emit an
electric signal when the displacer reaches them. The signal
from the first detector switch is used to start the electronic
counter, which accumulates pulses from the meter. When the
displacer reackes the second detector, its signal stops the
proving counter. The number of pulses shown on the proving
counter is the total pulses generated by the meter while the
displacer was travelling between the two detectors. Conven-
tional pipe provers (both bidirectional and unidirectional) are
those that have a volume between detectors that permits a
minimum acculuation of 10,000 direct (unaltered) pulses from
the meter. Thus a unidirectional prover typically accumulates
a minimum of 10,000 pulses per proving run, and a bidirec-
tional, prover typically accumulates a minimum of 20,000
pulses per proving run. Direct (unaltered) pulses include those
that are the output of high frequency pulse generators, consid-
ered to be a “part of” the meter. it should also be noted that
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Figure 3—Calibration Section of Pipe Prover

there are occasions when 10,000 pulses cannot be accumu-
lated during proving passes. This may occur because of a
change or a constraint in operating conditions. Agreement
between parties (0 use less than 10,000 pulses per proving pass
is required in these instances.

4.8.3.11

A prerun (or run-up) length of pipe is essential. This
length is the distance between the entry of the dispiacer and
the first detector switch of sufficient length to give the valve
time 1o close and seal before the displacer reaches the
detector. This type of prover must never be used at more than
its rated flow rate, or this prerun length may not be adequate.
As an allernative, some provers are provided with mechan-
ical means of holding the displacer near the beginning of its
travel until the valve is fully seated; by this means the prerun
length can be shortened considerably.

Prerun Requirements

4.8.3.1.2 The Bidirectional Conventional Prover

Bidirectional provers can use either a sphere or a piston as
a displacer. Spheres are more commonly used because they
will go around bends, and the prover can be built in the form
of a compact loop, as in the example shown 1n Figure 4.

A four-way valve is normally used to reverse the flow
through the prover. The sphere in Figure 4 is shown in the
position that it occupies at the end of a proving rua. The
sphere will start to travel on its return pass when the
four-way valve begins 10 reverse the flow, but it will not
reach its full speed until the movement of the four-way valve
is complete.

Displacer detectors are never quite symmetrical in their
operation, and consequently the effective calibrated volume
when the displacer travels between detector 1 and detector 2
will not be quite the same as when the displacer travels
between detector 2 and detector 1. The calibrated base
volume of the prover is the sum of both directions and is

termed the round trip volume. The prover counter totals the
pulses collected in both directions.

4.8.3.1.3 The Unidirectional Conventional Prover

A unidirectional prover is shown-in Figure-5..1t uses a
sphere displacer and sphere interchange. The sphere-inter-
change is for receiving, holding, and launching the sphere.
After falling through the interchange, the sphere enters the
flowing stream of liquid and is swept around the loop of
pipe. At the end of its pass, the sphere enters the sphere
transfer valve, where it lies until the next proving pass. The
calibrated base volume of the prover is the one-way volume
between the detector switches.

4.8.3.2 EQUIPMENT DESCRIPTION

4.8.3.2.1

The detectors fitted to a pipe prover are highly sensitive
devices. The most common type of pipe-prover detector
switch uses a ball-end steel plunger. which projects through
the wall of the pipe a short distance. When the sphere makes
contact, it forces the plunger to actuate the swiitch, Replace-
ment procedures must conform with manufacturers’ recom-
mendations.

Replacing a detector switch may change the prover
volume. Replacement or adjustment of detector switches on
bidirectional provers is less critical than on unidirectional
provers. The decision to recalibrate a bidirectional prover
should be made on a case-by-case basis. When a detector is
replaced or adjusted on a unidirectional prover, recalibration
should occur at the earliest possible opportunity. A record
should be kept of the time and date of the replacement.

Detector Switches

4.8.32.2 Prover Displacers

The majonty of pipe prover displacers are hollow spheres
made of an oil resistant elastomer such as nitrile, neoprene,



Figure 4-—Typical Bidirectionat U-Type Sphere Rrover System
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Figure 5—Typical Unidirectional Return-Type Prover System
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or polyurethane. These displacers are fitted with an inflation
valve, or valves, and are intended to be inflated with water or
glycol to a diameter which maintains an effective sezl in the
prover bore without creating excessive sliding friction. The
manufacturer will usually specify the amount (typically
between 2 and 4 percent) by which the sphere diameter
needs to exceed the pipe bore. Small bore provers may
employ a sphere made of sclid elastomer.

Spheres should not be stored in an inflated condition on a
fiat surface. They should either be suspended in a net or
supporied by a hollowed-out bed of sand to prevent the
development of a flat spot.

If a piston is used as a displacer it may be fitted with cup-
type seals, especially in older provers. In many of the
modern piston provers, the seals are made of teflon with
stainless steel backup rings. :

4.83.3 INSPECTION

The internal surfaces should be inspected for coating fail-
ures, adhesions {any foreign material build-up on the internal
surface), or corrosion that would change the calibrated
volume of the prover. If the prover is internally coated, the
lining should be checked for coating wear or failure which
would cause the calibrated volume to increase. The most
likely location for such failures will be in the elbows.

The displacer should be removed from the prover and
examined at the intervals prescribed by the manufacturer or
by the operating company. The sphere or seals should be
inspected and replaced if there is any sign of mechanical
damage or of softening by chemical action. Spheres should
also be inspected for roundness and proper inflation. This is
done with either a sizing ring supplied by the manufacturer
Or a lape measure,

A piston prover displacer may be subjected to a Jeak test.
This may be done by positioning the displacer so that its
seals straddle a pressure tap in the prover wall where a bleed
valve is located so pressure may be applied between the
scals. Pressure may also be applied through the body of the
piston to the seal area. Other means for checking seal
leakage may be provided by the prover manufacturer.

4.8.3.4 PREPARATION

Examples of meter proving forms are shown in Figures 6
and 7. Other forms or documents may be required before
proving is started. Refer to AP1 MPMS, Chapter 12.2 for
meter factor calculation requirements.

Check that end closures and any openable fittings are
properly fastened and that all vent and drain valves on the
prover are closed. Proceed with filling the prover as follows:
a. Partially open the prover inlet valve to fill the prover
stowly. :

b. Observe the system for leaks. Wait until the system is
completely filled and the connections have been shown 1o be

—-

leak-tight before fully opening the prover inlet valve.

c. Open vents to allow discharge of air or vapor when fluid
is admitted into the prover.

d. At this point the prover outlet valves may be safely
opened.

e. After all the connecting valves are fully opened, the meter
divert valve between the prover inlet and outlet valves may
then be closed.

f. Operate the prover displacer at least one proving cycle and
vent the high points. The vents should be checked repeatedly
untl it is certain that no vapor remains in the prover.

g. Verify the seal integrity of all vents, drains, reliefs, and
double block-and-bleed valves between the meter and the
outlet of the prover.

4.8.3.5 OPERATING PROCEDURES

Maintain the flow through the proving system until stable
conditions of pressure, temperature, and flow rate exist.
Once stability is achieved, proving operations may proceed.

Determine the actual flow rate on the first pass of the
displacer and make spot checks thereafter. Determine the
meter temperature and pressure during each pass of the
displacer. When using a bidirectional prover, record the
meter temperature and pressure, using the average of read-
ings taken for each pass of any given round trip.

Using both inlet and outlet thermometers and pressure
gauges, determine the average prover temperature and pres-
sure during each pass. The average prover temperature and
pressure is recorded on a round trip basis in the case of a
bidirectional prover.

If using a bidirectional prover, record the reading of the
prover counter at the end of each round trip of the displacer.
For a unidirectional prover, record the reading of the prover
counter at the end of each pass of the displacer.

Repeat the proving operation until the required minimum
number of proving runs (per agreement between parties) are
attained. As a measure of repeatability, the range of the
proving set is determined as follows:

Maximum Value - Minimum Value x
Minimum Value
Assess the repeatability of the set of results, and if neces-
sary carry out additional runs in an attempt to gain the required
repeatability. If suitable repeatability is not obtained, discon-
tinue the proving operation and refer to Appendix B.

Range of Repeatability = 100

4.8.3.6 ASSESSMENT OF RESULTS

One comimon practice is to require 2 minimum of five
consecutive runs that agree within a range of 0.05 percent.
Another common practice requires a minimum of five out of
six consecutive runs that agree within a range of 0.05
percent. For low volume locations including some LACT
units, a minimum of three consecutive runs that agree within
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Figure 6—General Purpose Meter Proving Report

for Use With Pipe Provers
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Meter No. 292 ReportNo. 3 Date: DECEMBER 20, 1994
Owner and/or operating company: D P & C PETROLEUM PIPELINE COMPANY
Location of meter baing proving: BELL RECEIVING STATION Totalizer: 897665
Meter, SN AK-12345 Size: 4inch Type: TURBINE Modet; BM-4444
Last overhaul date: 10/20/94 Old Seals: 456789 & 456790 New: 457201 & 457202
Prover calibration date: JULY 4, 1994 Prover Calibration Certficate No. 200007
Small Volume Prover (serial number) SP-5555 Small Volume, Single Wall_Unidirectional 12°, Extemnal Detectors
Prover outside diameter  >>»»> 14.000 OD (inches) APlobs 458 Product
Prover inside diameter 33333 12.250 1D (inches) Tobs 80.0 JET FUEL
Prover wall thicknass >335 0.875 WT (inches) APtb 44.0
Pass Whole Seconds Seconds Pulses Interpolated Flowrate Puises/Gal.
No, Pulses of puises per pass persecond Pulses Gross Gross
N Time 1 Time 2 Frequency N GPM K Factor
1 377 1.21005 121121 311.587 377.36 747.32 25.014
2 378 1.21353 1.21127  311.488 377.30 747.28 25.010
3 378 1.21363 121137 311462 377.30 747.22 25.010
4 37n7 1.21030 121123 311.493 37729 747.31 25.009
5 377 1.21030 121125  311.493 377.30 747.29 25.010
Pass Interpolated Pulses Temperature in degrees F Pressure in psig
No. per Proving Rur/Pass Tp Tm Pp Pm
1 N = 377.36 75.9 75.4 115 104
2 N' = 377.30 75.9 75.5 115 104
3 N = 377.30 76.0 75.5 15 104
4 N = 37729 761 755 115 104 v,
5 N = 377.30 76.1 756 15 104 o
Average data permun >333>>> I3 760 75.5 115 104 2
[ Test range percent (%) 0.019 | | 750 =  Temperature of Invar Rod |
Nominal K Factor e 25.000 NKF = Pulses per Indicated Unit Gallon
BASE PROVER VOLUME 15.086 8PV = Prover Volume @ 60 deg. F & 0 psig
CTSp 17-4 PH 1.0002 Ga = 0.0000120 Gl = 0.0000008 /deg F .
CPSp |Stainless Steel 1.0001 E = Modulus of Blasticity E = 28500000 A
CTlp N 0.9918 Tables 5B & 6B, APt Standard 2540 i
CPLp 1.0007 "Fp"factor from 11.2.1 (Pe = 0) = 0.00000614 }
CCFp 0.9928 CCFp=(CTSp*CPSp* CTLp " CPLp)
GROSS STANDARD VOLUME 14.977 GSVp = (BPVp * CCFp)
INDICATED YOLUME OF METER 15.092 IVm = N'avg / NKF
CTLm 0.9921 Tables 5B & 6B, AP1 Standard 2540
CPLm 1.0006 "Fm" factor from 11.2.1 {Pe = 0} 0.00000613
CCFm 0.9927 CCFm = (CTLm * CPLm)
INDICATED STANDARD VOLUME 14,982 ISVm = (ivm * CCFm)
METER FACTOR 0.9997 € Flow rate of = 747 Gallons per Minute
K FACTOR 25,008 Puises par Gallon
CPL & Normal Pressure Composte M Factor = 1.0004
of 110 psig = 1.0007 Composite K Factor = 24.991
Meter Proving History >33 Date Meter Factor  GPM APIb Degrees F  psig
Initial MF 1 >33>> 08/20/94 1.0002 770 442 74.5 102
Previous 4 SR> 11/20/94 0.9991 732 44 .4 78.0 110
Current s >3O 12/20/94 0.9997 747 44.0 76.5 104
Remarks & history >33 Metar overhauled on Octeber 20, 1994 before the initial proving
Initial to Current MF >»33> L.ong-term change percent {%) since the initial proving -0.05
-0.05
Pravious to Current MF >535> Short-termn change percent {%) since the last proving +0.06
Signed by:

Figure 7—Meter Proving Report With Pulse Interpolation
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14 CHAPTER 4—PROVING SYSTEMS

arange of 0.5 percent may be required. Alternative methods
are described in Appendix A.

The evaluation of repeatability of the proving data is
notmally performed with raw meter pulses. If conditions
cannot be held constant, it may be necessary to compare the
range lemperature compensated raw pulses or meter factors
for each run. This is particularly true when proving LACT
displacement meters equipped with mechanical temperature
compensators where the temperature varies during the
proving process.

If the repeatability of the meter runs is unacceptable, it is
recommended 1o implement another series of runs. If the
repeatability of a second set is within the prescribed range,
this set of results may be used. If the repeatability remains
unacceptable, it is necessary to stop proving and look for the
cause of the problem.

A common practice is to limit the change in consecutive
meter factors of proving periods to +0.25 percent or less. This
is a measure of reproducibility and is determined as follows:

ew Meter Factor - Old Meter Factor x
O1d Meter Factor

Range of Reproducibality = N 100

Changes in the linearity of the historical meter factors over
time is also a good check for prover functioning. Historical
meter factor data should be maintained and is best assessed by
keeping a control chart which is a graph of meter factor plot-
ting against the dates of tests. A specimen control chart is
shown in Figure 8. See also APl MPMS, Chapter 13.2.

4.83.7 TROUBLE-SHOOTING

To help operators evaluate a system more quickly, the
experience of a number of prover operators has been
compiled in Appendix B.

Common problems are listed, as well as the usual causes
and the typical methods of solving each. The guide contains
tables which give the corrective action needed to recufy the
fault once its cause has been ascertained.

4.8.4 Small Volume Provers

4.84.1 PRINCIPLE OF OPERATION

Small volume provers have a volume between detectors
that does not permit a minimum accumuiation of 10,000
direct {(unaitered) pulses from the meter. Small volume
provers require meter pulse-interpolation techniques to
increase the resolution (see API MPMS, Chapter 4.6).

This high resolution pulse determination permits the
volume between detector switches to be substantialty lessin a
small volume prover than would be permitted in a conven-
tional pipe prover. Typical small volume provers are illustrated
in Figures 9, 10, and 11. Additional information on small
volume provers is contained in API MPMS, Chapter 4.3.

Since the volume of a small! volume prover is less than a
conventional pipe prover, high-precision detectors are
normally used with pulse-interpolation techniques. Double
chronometry pulse-interpolation is a method .of counting a

1.0050 —_

00 Individual set MF's

10040} === - s - s s s m mm e mm— .- - =~ Upper tolerance limit (UTL)

1.0030

—————————————————————— Upper action limit (UAL)

10020 - f @ oo s s oo mm s o= o= - Upper waming kmit (UTL)
II-L
2 ool /\ /
£
& 10000 . 'S Central line (CL)
8
2 09990
T8 | SO T oo T oo ssmssosm—m e Lowar waming limit (LWL)
T 09980 0000 - m - o mmmm o — e m— - - o Lower action limit (LAL)
£

0.9970 —

—————————————————————— Lower tolerance limit {LTL)
0.9960 +—
0.9950 —
NN IS W S S SRR SN NS S S N SO E U T SR S I
0 5 10 15 20

Meter Factor Sequence

Figure 8—Control Chart tor individual Meter Factors
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18 CHaAPTER 4—PROVING SYSTEMS

senes of whole meter pulses and multiplying by the ratio of
the time between the detector switches and the time to accu-
mulate the whole meter pulses.

Bulse interpolators are electronic devices that allow a
meter pulse resolution to at least one part in 10,000. They
perform best with meters whose pulses are emitted
uniformly. This method results in a calculation of meter
pulses to a discrimination of at least 1 part in 10,000.

4842 EQUIPMENT DESCRIPTION

Small volume provers may be of any configuration to
include bidirectional or unidirectional sphere or piston
provers such as shown in Figure 12.

48.421 Pulse Interpolators

Pulse interpolators are electronic devices that allow a meter
pulse resolution to at least one part in 10,000. They perform
best with meters whose pulses are emitted uniformly. Pulse
interpolation is described in detail in APl MPMS, Chapter 4,
Section 6.

48.4.2.2 Prover Displacers

Small volume prover displacers may be either sphere or
piston type. Piston displacers typically have dual hollow nng
seals made of teflon with stainiess steel backup rings. Sphere
displacers are typically nitrile, neoprene, or polyurethane and

Process ftuid diverier valve

(double block-and-bleed vaive)
Flow | —| s
Meter Meter
temperature pressure
_D Prover pressure
-]
___D Prover temperature %
- E
L
I K
22|12
Prover controt /O cable a
! H
°
=

Prover computer

-

——

Printer

Note: VO = input/output.

Figure 12—Small Volume Prover Automatic Computing System
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are fitted with inflation valves. See Figure 13 for a System
" Overview of a Unidirectional Sphere Displacer.

4.8.4.2.3 Detector Switches

The detectors along with the pulse interpolation eiec-
tronics are the most critical elements of a small volume
prover. Special designs may be used, for example optical,
and most are relatively delicate. When the prover uses
optical detector switches, they must be protected from any
external light source during operation. Any outside source of
light can have a detrimental effect on proving results. For
other types of detector switches, see 4.8.3.2.1.

4.8.4.3 INSPECTION

Seal integrity should be periodicatly verified since any
leakage has a significant effect on proving results. To
perform a seal integrity test, refer to the manufacturer’s
recommendations.

4.84.4 PREPARATION

An example of a meter-proving form was shown in
Figure 7. Other meter proving reports are shown in Figures
14 and 15. Other forms or documents may be required
before proving is started. Refer to AP1 MPMS, Chapter 12.2
for meter factor calculation requirements.

4.84.5 OPERATING PROCEDURES

Operate the proving system until stable conditions of pres-
sure, temperature, and flow rate exist. Once stability is
achieved, proving operations may proceed as follows.

Determine the actual flow rate on the first run of the
displacer and make spot checks thereafter. Determine the
meter temnperature and pressure during each pass of the
displacer. Record the average pressure and temperature of
each valid run and average them all.

Assuming the prover is equipped with both inlet and
outlet thermometers and pressure gauges, determine the
average prover temperature and pressure during each pass.
The average prover temperature and pressure is recorded on
a round trip basis in the case of a bidirectional prover.

If the prover is equipped with only one thermowell, the
thermowell should be located at the prover outlet. Determine
the prover temperature during each pass of the displacer and
record the average during each pass of a bidirectiona! prover.

In the case of a bidirectional prover, record the reading of
the prover counter at the end of each round trip of the
displacer. For a unidirectional prover, record the reading of
the prover counter at the end of each pass of the displacer.

Repeat the proving operation until the required minimum
number of proving runs (per agreement between parties) are
attained. As a measure of repeatability, the range of the
proving set is determined as follows:

Valte - Mun
Range of Repeatability = M“‘“‘“’“MA z;’: L:‘:l‘"‘"’" Value 100
1 um ue

Assess the repeatability of the set of results, and if neces-
sary carry out additional runs in an attempt to gain the
required repeatability. If suitable repeatability is not
obtained, discontinue the proving operation and look for the
cause of the trouble listed in Appendix B.

4846 ASSESSMENT OF RESULTS

For common practices refer to Section 4.8.3.5. Flowme-
ters that have a non-uniform pulse output such as displace-
ment meters with mechanical gear-driven pulsers may
require averaging groups of prover passes and comparing the
repeatability between the group averages. Refer to API
MPMS, Chapter 4, Section 6, and to Appendix A.

4.84.7 TROUBLE-SHOOTING

To help operators find faults in a system more quickly, the
experience of a number of prover operators has been
compited in Appendix B.

Common problems are listed, as well as the usual causes
and the typical methods of solving each.

Finally, the tables in the guide gives the comrective action
needed to rectify the fault once its cause has been ascer-

" tained. The prover manufacturer’s trouble-shooting guide

should be referred to for any problems that may relate to the
specific make or prover being used.

4.8.5 Tank Provers

4.85.1 PRINCIPLES OF OPERATION

A tank prover is a calibrated vessel used to measure the
volume of liquid passed through a meter. The known volume
of the tank prover is compared to the meter's indicated volume
to determine the meter factor or meter accuracy factor.

Tank provers are not recommended for viscous fluids. Itis
suggested that a displacement-type master meter and a pipe
prover be used with viscous products.

.

4.8.52 EQUIPMENT DESCRIPTION

A tank prover is an open or closed volumetnic measure
that generally has a graduated top neck and may have a grad-
uated bottom neck. The volume is established between a
shutoff valve or bottom-neck graduation and an upper-neck
graduation.

The two basic types of tank provers are the open type
(atmospheric pressure}, and the closed type (pressure
containing). Both of these come in a vanety of configurations
to meet the needs of the service required. Refer to Figures 16
and 17 whach illustrate the types referred to previously.

4.8.5.3 INSPECTION

Inspect the prover tank for any dents thal are not recorded
on the calibration certificate, any foreign objects or clingage
inside the tank, or failure of an internal coating that would
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LOCATION TEMDER LU AP DATE ANBIENT TEMP REPORT HO
METER DATA
SERIAL NO. METER NO. PULSESHE  |TEMP, COMPENSATED MANUFACTURER .3 MODEL
PREVIOUS REPORY NO
FLOW RATE NON-AESET COUNTER FLOW RATE FACTOR DATE
bbity.
MASTER METER DATA MAKE. st MOOEL SERIAL NO.
1 | CLOSING READING. boisgels
2 | OPENING READING, boivpals
3 | INDICATED VOLUME (UNE 1 - LINE T)
¢ | TEMPERATURE AT METER, F
5 | PRESSURE AT METER, peig
[ ] MASTER METER FACTOR
7T |G
1te,
$ |CCFOINES x UNE7 x LINE 8)
10 | CORRECTED PROVER VOLUME (LIME 3 x LINE &) »
PROVED METER DATA -
11 | CLOSING METER READING, bbisigais
12 | OPEMING METER READING, bbisgals
13 | INDICATED vouLME LNE 11 - LNE 129
14 | TEMPERATURE AT METER, * F
15 | PRESSURE AT METER, paig
TR . ]
17 | ¢,
1 CCF (UIME 18 = UNE 11
1% | CORRECTED METER VOLLME (LINE 13 x UNE 18)
20 | METER FACTOR (LINE 10 + LNE 19)
METER FACTOR [:.n co:rlectm roR COMPOSITE FACTOR I‘
e | X FEESS) = | s
BIONATURE DATE COMPANY REPRESENTATIVE

Figure 14—Meter Proving Repont for Master Meter Method
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LOCATION TENDER touD AP DATE AMBIENT TENP. REPOART MO
PRCOVER DATA ] PREVIOUS REPORT NO
NOMINAL VOLLIME AT 80°F AND “0" pmg. BERIAL NG FLOW RATE FACTOR DATE
pavbbl bbity
METER DATA
SERIAL NO METER NO TEMP COMPENSATED WANUFACTURER BIZE MODEL
0 ves aow
- REMARKS, REPARRS, ADJUSTMENTS, ETC.
FLOW RATE NON-RESET COUNTER
bt
PROVER TANK YOLUME DATA AUN NO. | AUN NO. 2 RUM NOL 3 AUN NO. 4
1 | DELIVERY TO TANK, gaibbls
t | TANK TEMPERATURE (AVERAGE) F
3 |
4 |G
8 | COMBINED CORRECTION FACTOR (LINE 3 x LINE 4
¢ | CORRECTED PROVER VOLUME (UNE 1 x LINE §)
PROVED METER DATA -
7 | ANAL METER READING
§ | NITIAL METER READING
9 | INDICATED VOLUME BY METER, bbia (IUNE 7 - LINE 8) ‘
10 | NDICATED VOLLME Y METER, gals (UNE 7 - LINE B) OR (42 x UNE W)
11 | TEMPERATURE AT METER, F
12 | PRESSURE AT METER, paig
13 | €, USE 1.000 IF TEMP COMPENSATED
") c
18 | CCF [UNE 13 x LINE 14)
18 | CORRECTED METER YOLUME (UINE 10 x UNE 13)
17 | WETER FACTOR (LINE B « LINE 16)
METER FACTOR | LD CORRECTION £OR ot I
PREBSURE AT METERING | —
{AVERAGE VALUE) X I— CoNDmOoNs - PRESSURE APPLICATION J
SIGNATURE DATE COMPANY REPRESENTATIVE

Figure 15—Meter Proving Report for Tank Prover Method
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Sealing wire and seal —\ «——— Splash dome {optonal)

Gaugs glass and scale 0.5 parcent of prover volume

Calibrated volume

0.5 percent of provar volume

Overapping gauge glasses
\ Tempaerature sensor
N IS o
Swarl plate {optional) ™ Cone bottom, dish bottom (optional)
\ Feeyrre | Altemate gauge-glass zero design

. for bottom of tank-|

/ |- Gauge glass
.-/

Location of [ 0.5 percent of

starting
lovel {optional) prover volums

Bottem inlet (optional)

Bottomn valve must ba in vertical fine

.

Check drain

Discharge j

Inlet for discharge —"

\Dmin for calibration purposes
and for zeroing liquid level

Figure 16—Open Stationary Prover Tank (Drain-to-Zero or Bottom Gauge-Glass Type)
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Sealing wira and seal -——" ]/ 0.5 percent of tank bottorn

e EE

Gauge scale =

A Intet or discharge

Figure 17—Closed Stationary Tank Prover
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have an effect on the calibrated volume of the prover tank.
Verify that the gauge scales are sealed. Also check for a
current and valid calibration certificate.

4.8.54 PREPARATION

Examples of meter proving forms were shown earlier in
Figures 6 and 7. Other forms or documents may be required
before proving is started. Refer to AP MPMS, Chapter 12.2
for meter factor calculation requirements.

Check that all connections are properly made and isola-
tion/diverter valves are properly aligned. Verify the integrity
of all vents, drains, reliefs, and doubie block-and-bleed
valves between the meter and the prover. Proceed with the
preparations as follows:

a. The initial step prior to the first proof run is to wet down
the prover tank. Fill the tank with metered liquid. Check the
level indicators on the tank. Then empty the tank.

b. If the tank is equipped with a lower-gauge glass, close the
main drain valve just prior to the liquid level reaching the
zero mark. Allow a minimum of 30 seconds drain down time
(or that which is stated on the calibration report); then using
the small drain valve, drain the liquid to the zero mark.
Whatever drain time is allowed after closing the main drain
valve and drawing the liquid down to zero must be used on
all subsequent proof runs.

¢. If the tank is not equipped with a lower-gauge glass, leave
the drain valve open until continuous flow ceases and drip-
ping starts. The drip should be allowed 1o continue for a
minimum of 30 seconds (or that which is stated on the cali-
bration report) before closing the drain valve. Whatever drip
time aliowed between flow cessation and closing the drain
valvs must be used on all subsequent proof runs.

d. When reading gauge glasses, read the bottom of the
meniscus for transparent liquids and the top of the meniscus
for opaque liquids.

¢. If the system has vapor recovery, the vapor recovery
should have makeup gas or must be disconnected prior to
emptying the prover so that air can enter the prover and
prevent a vacuum that could damage the prover.

4.85.5 OPERATING PROCEDURES

There are two unique features of an open tank prover. The
first is that vapor is allowed to escape (evaporate) from
within the tank as the tank is filled. If a vapor recovery
system is used during normal metering operations, consider-
ation should be given to operating the vapor recovery system
during the meter proving.

The second unique feature is that the meter is operated
from as stop-run-stop condition. Thus the meter experiences
a static-to-dynamic and back-to-static cycle of operation.
This method of operation depicts normal operating condi-
tions of the prover/meter system.

It is important to use consistent tank prover operating

techniques without interruption to obtain satisfactory
repeatability between consecutive proof runs. Fiow rate
through the meter during the proof runs should replicate the
operaling conditions during normal use.

a. Using a tank prover report or worksheet record the appro-
priate meter, tank, and flow data as indicated in the meter
factor calculation section of APl MPMS, Chapter 12.2.

b. Record the meter register, or zero the proving counter 1f
one is being used. Record the reading of the prover tank's
bottom gauge glass, if so equipped. These become the
opening readings for this proving run.

c. Start the flow through the meter into the tank.

d. While the tank is filling, record the average meter temper-
ature and verify that the meter is operating at the desired
proving rate.

e. Stop the meter flow when the liquid level is within the
upper gauge scale range.

f. Record the prover tank temperature, If the tank has more
than one thermometer, the recorded temperature is the
average of all thermometer readings.

g- Record the meter register or the proving counter reading
and the prover tank's upper gauge glass reading, These are
the closing readings for this proving run.

h. Calculate the meter factor for this run as outlined in API
MPMS, Chapter 12,2, This completes one proving run. The
next proving run is initiated by draining down and zeroing
the tank as just described, and then starting:over with the
steps described previously.

i. Atleast two consecutive proving runs in which the meter
factors agree within a 0.05 percent range are required. The
average of these meter factors is the final meter factor. If an
adjustment to the meter factor is made mechanically, that is,
with a calibrator or mathematically, additional runs typically
are made to confirm that the meter factor is correct.

j- Upon conclusion of the proving operation, if a prover tank
is a portable unit, isolate the prover from the flow stream;
drain down; remove all connections made; and prepare the
tank for removal from the site. If the tank is permanently
located, isolate the prover from the flow stream; drain down;
and piace the tank in a protected idle mode.

4.85.6 ASSESSMENT OF RESULTS

Common practice is to require a minimum of two consec-
utive runs that agree within a range of 0.05 percent. If the
repeatability of the meter factor is unacceptable, it may be
necessary to carry out additional proving runs. If the repeata-
bility is within the prescribed range, these results may be used.
But if the repeatability remains unacceptable, it is necessary to
stop proving and lock for the cause of the problem.

4.8.5.7 TROUBLE-SHOOTING

To help operators evaluate a systemn more quickly, the
cxperience of a number of prover operators has been
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compiled in Appendix B. Common problems are listed, as
well as the usual causes and the typical methoeds of solving
each. The table also gives the corrective action needed.

4.86 Master Meter Provers

A proving operation is considered a direct proving when
a meter is proved against a prover. Indirect proving is when
a meter is proved by a master meter that has been proved by
the direct method.

Master meter proving is used when proving by the direct
method cannot be accomplished because of logistics, time,
space, and cost considerations.

Satisfactory results can be achieved by using the master
meter method; however, the master-meter method introduces
additional uncertainties for the meter being proved. When
practical, uncertainties may be reduced by proving the
master meter under similar line-meter operating conditions
prior to, during, or after proving the line meter.

4.8.6.1 PRINCIPLE OF OPERATION

A master meter is a meter selected, well maintained, and
operated as a reference for the proving of another meter. The
master meter factors should be linear over the expected
range of operating conditions and shall have a history of
consistent performance.

The calibration of the master meter shall be performed
under conditions similar to those expected during the line
meter proving. A curve of master meter factors should be
established over the range of flow rates to be encountered
while proving a line meter. The meter factor applied to the
master meter shall be the average of proof runs on a similar
liquid and within 10 percent of the flow rates expected
during the proving of the line meter.

Either the standing start-and-stop or the running

start-and-stop method of proving may be used. With the
standing start-and-stop method, the meter registration s read
before and after the proving run with flow stopped to deter-
mine indicated volume. With the running start-and-stop
method, the flow is uninterrupted, and the proving counters
must be simultaneously started and stopped.

4.8.6.2 EQUIPMENT DESCRIPTION

The master meter outputregistration must not be mechan-
1cally temperature compensated. The master meter must not
have a mechanical adjustor or calibrator between the primary
element and the output/registration. When proving a melter
with a master meter, the same meter output and instrurnenta-
lion accessories must be connected to the master meter as
were used when the master meter was proved to establish its
meter factor.

Typically, master meters are displacement or turbine
meters because of the repeatability requirements of proving
(see APl MPMS, Chapter 4.5).

4.8.6.3 INSPECTION ~

Prior io the meter-proving operation the master meter
prover and line meter to be proved shall be inspected to
ensure proper operation. This inspection shall include, but
not be limited to, the following steps:

a. Ensure that all liquid flowing through the line meter to be
proved, and only that liquid, passes through the master meter
with no leakage or diversion between meters. Refer to Figure
18 for an illustration of a master meter/line meter manifold,
which permits the removal of either meter for calibration or
servicing. Double block-and-bleed valves ensure that no
leakage or diversion can occur either during proving or line-
meter operation.

Master

O OX O

O,

meter

maeter

O,

S

Note: 1, 2, 3 = double-block-and-bleed; 4, 5 = shut-off vaive.

Figure 18—Typical Master Meter Manifold



26 CHAPTER 4-—PROVING SYSTEMS

b. Verify that all temperature, pressure, and density measure-
ment devices to be used during the proving operation are
properly installed, recently calibrated or venified, and oper-
ating within acceptable tolerances as stated in AP1 MPMS,
Chapters 7 and 12.2.

¢. All electronic instrumentation such as counters, switches,
and interconnecting wiring shall be inspected for proper
installation and operation. Care should be taken to ensure
that all electrical pulse transmission cable is properly
shielded and grounded.

d. It is essential that a run of sufficient quantity be made to
verify the ratio between the pulse transmitter and the meter
register. See APl MPMS, Chapter 4.5,

4.8.6.4 PREPARATION

Examples of meter-proving forms were shown earlier in
Figures 6 and 7. Master meter calibration reports and curves,
and other forms or documents may be required before
proving is started. Refer to API MPMS, Chapter 12.2 for
melter factor calculation requirements.

The master meter should be installed as close as possible
to the line meter to minimize lemperature and pressure
differences between the meters. The master meter normally
is installed downstream of the line meter. The following
steps should be taken:

a. If the master meter has an electrical output, care should be
taken to ensure all ¢lectrical equipment is properly grounded
to prevent errors from electrical noise.

b. If the master meter is permanently piped in a manifold
with the line meter to be proved, the isolation valves should
be opened and the flow directed through both meters.

c. Before the meter proving is made, the two meters shall be
operated at the desired flow rate for a period of time suffi-
cient 1o purge the system of vapor and to achieve steady
lemperature, pressure, and flow rate.

4.8.6.5 OPERATING PROCEDURES

Each proving run shall be of sufficient volume to discrim-
inate volume units to 1 part in 10,000. In the case of loading
rack meters, each proving run should depict the start up,
shutdown, and interim flow patterns of 2 normal loading. If
electronic counters and high resolution meter transmitters
are used to register melered volume, at least 10,000 pulses
must be collected during the proving run,

Once the proving operation is started, it should be carried
to conclusion in a continucus process, without interruption
or delay. The following steps should be taken:

a. Using a work sheet or master meter proving report (see
Figure 6), record the appropriate meter and flow data as indi-
cated in the factor calculations section of APl MPMS,
Chapter 12.2.

b. With flow through the meters, a proving run is initiated by
simultaneously gating both meter counters on. Meter

temperature and pressure are recorded for both meters during
the proving run. Flow rate through the meters during the
proving operation should be within 10 percent of the rate at
which the line meter will operate. The flow rate must remain
retatively stable for all proving runs entered in the meter
factor calculation,

¢. After sufficient volume has passed through the meters, the
counters are simultaneously gated off. The indicated counter
readings for the run are recorded. This completes one run.

d. There are various ways of assessing whether the repeata-
bility of a set of readings is acceptable. The repeatability
should not exceed the limits agreed upon by all parties. In
some circumstances, statutory authorities or government
departments will set the limits for the range of a set of
results. One method of conducting a proving is to make five
consecutive meter proof runs within 0.05 percent. “Within a
range of 0.05 percent™ is defined as a value that does not
exceed 0.05 when applying the foliowing formula:

Maximum Value - Minimum Value
Minimum Value .
¢. Checks should be made during the proving to ensure :all
equipment is functioning properly and all test parameters are
remaining within their constraints.
f. Meter factor calculations shall be made as detailed in API

MPMS, Chapter 12.2. An example “Meter Proving Report
for the Master Meter Method” was shown in Figure 14,

g. After completion of the proving operation, the master
meter should be isolated from the flow stream if the meter is
permanently installed, or disconnected if the meter is
portable. A master meter should not be on siream any longer
than necessary for the proving operation. This precaution is
to limit meter wear and resulting factor shift.

x 100

h. Thermometers, pressure gauges, counters, and any other
proving equipment that is not a permanent part of the mani-
folding should be removed and stored until the next proving.

4.86.6 ASSESSMENT OF RESULTS

A common practice is to require a minjimum of two consec-
utive runs that agree within a range of 0.05 percent. If the
repeatability of the meter factor is unacceptable, it may be
necessary to carry out additional proving runs. If the repeata-
bility is within the prescribed range, these results may be used.
But if the repeatability remains unacceptable, it is necessary to
stop proving and look for the cause of the problem.

4.8.6.7 TROUBLE-SHOOTING

To help operators evaluate a system more quickly, the
experience of a number of prover operators has been
compiled in Appendix B. Common problems are listed, as
well as the usual causes and the typical methods of solving
each. The tables give the corrective action needed.



APPENDIX A—ESTIMATING RANDOM UNCERTAINTY

Chapter 13.1 of API MPMS states that the 95-percent level of statistical confidence is
recommended for evaluating uncertainties associated with commercial applications of
petroleum measurement. It is also stated that in centain limited circumstances, a different
degree of {statistical) confidence may be required.

The random uncertainty of the average value of a set of meter proving runs can be esti-
mated in accordance with Chapter 13.1 at the 95-percent confidence level as follows:

[#(95,7 = 1) wie) l

a(MF) =
(VoK Do)
Where:
af(MF) = random uncertainty of the average of a set of meter proving runs.
195, n-1) = student “t" distribution factor for 95 percent confidence level and n-1
degrees of freedom (see Table 2 of API 13.1).
w,, += range of values (high minus low) in the meter proving set.
n = number of meter proving runs.

D,, = conversion factor for estimating standard deviation for n data points (see

Table 1 of API 13.1).

For the common ‘practice of five proving runs that agree within a range of 0.0005, the
random uncertainty of the average of this set can be estimated as follows:

a(MF) = (2,770)0.0005)
, (¥5)2.326)
For meter proving sets of 3 to 25 proving runs, a variable range limit can be calculated

that maintains the same random uncertainty in the average value of 5 runs that agree within
a range of 0.0005. These variable range limits are as shown in Tables A-1 and A-2.

+0.00027

-

27
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Table A-1—Variable Range Criteria
for £0.00027 Random Uncertainty in Average Meter Factor

Number of Proving Runs, n Moving (Variable) Range Limut
3 0 0002
4 0.0003
5 : 0.0005
6 0 0006
7 00008
8 0.000%
9 0.0010

Ho 0.0012
] 0.0013
12 0.0014
13 0.0015
14 0.0016
15 0.0017
16 0.0018
17 0.0019
18 0.0020
19 0.0021
20 0.0022

For low volume locations such as small LACT units where five runs within a range of
0.0005 may not be practical or cost effective, three runs within a range of 0.0005 may be
practiced. The random uncentainty of the average of three proving runs that agree within
arange of 0.0005 is as follows:

(4.303)0.0005)
(V3)1.693)
For meler proving sets of three to fifteen proving runs, a variable range limit can be

calculated that maintains the same random uncertainty in the average of three runs that
agree within a range of 0.0005. These variable range limits are as shown in Table A-2.

a(MF) = = $0.00073

Table A-2—Variable Range Criteria
for +0.00073 Random Uncertainty in Average Meter Factor

Number of Proving Runs. o Mowving (Variable) Range Limit
3 0.0005
4 00009
5 0.0014
6 00017
7 0.0021
g 0.0025
9 0.0028

10 00032
1 0.0034
12 0.0037
13 0.0040
14 0.0043
15 00046

The scarrer in erratic meter proving data can be normalized by averaging the results of
several meter proving runs and comparing the averages of these small sets for agreement
with deviation limits. In these instances, at jeast three consecutive proving runs are recom-
mended for each set. The averages of two or more of these sets can be compared for agree-
ment of meter-proving deviation limits.
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Tebte B-1—Trouble-Shooting Guide for Pipe Provar Operators-Part 1

Symptom

Location and Possible Cause

Test/lspection

Cuorrective Action

1 Poer Repeatability

i

3

oy

[+ 1}

10

—

Entrupped ait/vapor

Flashing in d-way
diverter valve or
sphere-handimg

valve

[zolating valve
feakage

Leakags in 4-way

-diverter valve or

spheee-handling
valve

Cyele time of 4-way
diventer valve or
sphere-handling
vatre

. Datttorisy

Tempermurs
Variatizn

P

Meter heaning

wilal

ALusyory pear
woar

Turbing mester
stragntening
ClloR

Copyright by the AMERICAN PETROLEUM INSTITUTE (APD)
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Open vent with spherc
truveling, check for airfvapor.
(This may not give positive
respanse because of possible
air/gas pockets.)

Measnre pressure at the
valve at maximum flow ratc
and see it 10 accordance
with speelfication

Cheek double block-and-bleed
for leakage.

Check double block-and blecd
for leakage.

Chzch double block-and-bleed
closure hefore sphere
reaches Lhe first
detector

Check detectors against
external signal sourac,
Use ohm melers o check
confunuity of switch closure

Chech for comasion on
termunals.

Tnspout mechanic 4! purts of
detectors.

Venfy temperaturc
Teasurenents

Kemaove, inspect for curs,
blister, abrasions andfor
detedoration Check
roundness and srang

Apply bleed test tir check
for leakaec and inspect
seals for cuts, abrasions
and deteiioration

Dasmantle and tepect
Analyse pulse tmnn with
oscilloscope.

Anatyze pulie tran with
oscilloscops

Remove and inspect for
damage and inlegn material

a Check forairin
fluid 1o prover, vent
all high points, and ran
prover sevoral times
and vent

h Increae meter back
pressune

Increase pressure by
using back pressure
valve

a. Seat valve more
ferenly by increasing
acyaror or hand-
wheel torgue,

b, Repair valve,

. Cyele valve 1o remove

debrs

[2]

. Seat valve more
firmly by inereasing
acwatar or hand-
wheel torque
b Repar valve. 5
c Cycle valve 10 remove
debris.

2

Increase speed of
opeiation of the valve or
deersass flow rate
theough the prover.

Calibration may be By
requared i1 detectons)
arc adiasted or changed.
Clean termunals,
Cican and repar as necded
Stabilize temperature at meter
anl pricver
Inflate or cotlare of

necessury, replace it
damaged.

Replace seals if
ncocssary,

Repair/replace as
required

Repair/clean as
needed

Repairfclean as
regrired
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Table B-1—Trouble-Shooting Guide for Pipe Prover Operators-Part 1 {continued)

Syaptom Location and Possible Cause Test/lnspectian Corrective Action
13. Random electrical Identify sources. Analyze Reroute cable Use shielded
interference putse train with oscillo- cable Cheek cable ground
scope. connection
14, Cavitation in a} Draw sample and ohserve Incrcase pressuce.
meter for stabiltty at

amosphens pressuns

o} L unstable, measore -
eguifibrium vapor
presaure of liquid

t) Measure pressure down-
stream of the meter

d) Bvaluare buck preciuic

15. Pulse generator At rongtant Flow rate check Repar/mnlicc az
taultv that pulsc frequency is required
constant. Pulse ntegmty
check. Analyze pulse train
with ascilloscope
16, Fauliy calibeuter Analyze pulse train with Repair/replae ay
ostillozcope. Adust U/ requred
down, evaluate h1F changes,
2 Poor Lineaniy I Cycle ome of 4- Evaluste. MF changus Repairfreplace as
way civerier valve Sec § above, required
or sphens handhing See 5 above
valve,
2 Teeperiture Verify temperatue Stabiiize temperature
variztion. mersurements. at moLer and prover
* Beanny wew Distiznte and wspood Renar/eenlare as
required
4 Damaged DM roto: Dismantic and mspect, Repnir/replacs as
Damaged ‘I'M Analyzs putse tram with reqguired
ostillascope
£ rag or wear, gears. Henif check or successive Re-align/replace ag
Loupier, el i required.

Copyright by the AHERICAN PETROLEUM IMSTITUTE (APIl)}
Tue Oct 29 19:56°'54 1996
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Table B-2—Trouble-Shooting Guide for Pipe Prover Operators-Part 2

Symptom Location and Possible Cause Comrecnve Action
Miscellaneous ‘ '
problems encountered
whea proving.
2. Less meter registration Meter Rebuild meter.
factor increase
Less meter registration Meter Replace beanngs
factor increase
Morte or less, meter Meter calibrator Lubeicate or replace.
registration
factor increase/decrease
Less meter registration Prover temperature too low " Stabalize temperature.
factor increase
b. More meter registration Prover eemperature too high reading Check thermometer.
factor decrease
More meter registration Fluid viscosity increase ' Stabilize viscosity.
factor decrease
Less meter registration Build-up on pipe wall Investigate reason for
factor decrease baild-up/clean prover.
Severe change in MF Malfunction in ATC assembly Hot/cold test.
Severe decrease in MF ‘ Collaspsed bulb and hellows Replace 3 & B.
r
Severe increase in MF Malfunction of calibrator Repairfreplace.
Lnper-mechanical problems

Severe decrease in MF Displacer undersized Size/replace.
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Tabie B-3—Trouble-Shooting Guide for Small Volume Prover Operators

Symptom Location and Possible Cavse Test/Inspection Corrective Action

PROVER

L. Poor repeatability I. Entrapped air/gas Open prover vents (o see if Open vents and cause
in prover air/gas is present. displacer to trave! until
air/gas is removed.

2. Leakage by isolation Check double block-and- a. Open and reclose valve,
valves bleed. b. Seat valve more

firmly by increasing
tomue.
¢. Replace seats.

3. Leakage af bypass Check double block-and- & Seat valve more

or diverter valve bleed. firmly by applying
mOfe pressure.
b. Replace scals

4. Leakagr by displacer Check for lesk by method Replace seal(s).

recommended by manufacturer.

5. Cavitation in Mecasure pressure loss through a. Reduce flow rate.
proving system the meter/proving system to b. Increase back-pressure

see if within specification. oo proving system.

6. Detector(s) Check desectors for proper If faulty replace detectors.

operation. Shicld optical switches
from ambient light.

7. Electronics, pulse Check per instructions in Adjust/cepair/replace as

. API MPMS Chapter 4, required.
Section 6.

8. Improper plenum Verify plcoom pressure per Adjust as required.
pressure manufactarer’s specification.

METER

1. loternal wear Dismantie and inspect. Repairfreplace &5 required.

2. Random electrical Trace and climinate Remove or replace
interference interference. problem.

3. Cavrtation in Messure pressure a few Increase pressure by
meter pipe diameters downstream using back pressure.
of the meter at a maximum

low rate and sec if within

4. Pulse generator, At uniform flow rate check 4. Check gear train.
fanlt that pulse frequency is b. Repairfreplace

constant. &s required.

5. Turbine meter Remowe and inspect for anircl'uplaaé
straightening damage or blockage by required. Clean out
section foreign object. foreign object.

PROVER

2. Poor hinearity 1. Leakage through bypass Same as 3 sbove, Same as 3 above.
or diverter valve

2 Temperature Measure temperatyre Correct for temperature
variation accurately. cffects at meter and

prover.

3 Bearing wear Dismantle and inspect. Replace/repair as

requured.

4 Cavitation Check pressare loss through Apply back pressure

proving sysiem

and or reduce flowrate.
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Table B-3—Trouble-Shooting Guide for Small Volume Prover Operators (continued)

Symptom Location and Possible Cause Test/Inspectioa Comectve Action

PROVER {(continved)

5. Pulse genenator, At constant flowrate check & Check gear train.

fault that pulse frequency is b. Repair/replace
constant. as required

6. Damaged rotor Dismantle and inspect. Repair/replace as required.

Table B-4—Trouble-Shooting Guide for Master-Meter Prover Operators
Symptom Location and Possible Cause Test/Inspection Corrective Action
MASTER-METER PROVER
1. Poor repeatability 1. Cavitation Apply excessive back Adjust back pressure to
pressure for a beief appropriate level.
period.
2. Pulse generator, At uniform flowrate check Repair or replace as
fanlt that pulse frequency is required.
constant.

3. Electrical noise Check for random electrical Trace and eliminate

interference. interference.

4 Entrapped air'gas Open vents siowly, then Locate sir/gas source

:, and/or cavitation close. and climinate.

3. Wora meter parts Drasmantle and inspect. Reassemble with new
parts as required and
feprove masier-meter.

6. Leaking valves Check for ful) open/close Repair or replace as

position and leak tighmess. required.

FIELD-METER

1. Cavitatron Same as | above. Same as | above.

2. Pulse generator, Same as 2 above. Same as 2 above.

fralt
3. Temperamure Measure temperture often Correct for temperature
vanabion and accurmely. effects on ficld-meter
and master-meter.

4. Womn meter parts Same as 5 shove. Same as 5 above,

5. Turbine meter Remove and inspect for Repair or replace as

strnaightening section damage. required.

6. Pressure variation Check gauges. Look for cavitation.
Check back pressure,

7. Temperature Check temperature Maintain stable

variation sensors. Row condition.

77
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Table B-5—Trouble-Shooting Guide for Tank Prover Operators

Sympiom Location and Possible Canse Test/Inspection Cocrective Action
PROVER
1. Poor repeatabulity t. Inconsistent Measure drain down time. Follow drain down ume
drain down time. on calibration certificate.
2. Drain valve leaks Fill prover to capacity Repair valve wio
read upper scale and ket ~removing.
stand for |3 minutes, then Replace valve and
then read scale again to recalibrate
see if any leakage.
3. Unstable prover Try rocking by applying Level prover and make
a modest force. secure.
4. Unsatisfactory fill Fill pipe must always drain a Secure fill pipe
condition comgpletely or always retain position
the same amount of fluid b.Provide veat in fill
before and after each run. pipe.
5. Unstable Aowrate Moaitor Mlowrate. a4 Secure flowrase
coatrol valve.
b. Stabilize back pressure.
6. Vaporization Lower flowrate, Change ll procedure.
METER
I. Bearing wear Drsmantle and inspect. Replace/repair &
required.
2. Counter does not Remove counter and hold o Repaitireplace s
repest input shaft fimly while required.
resetting, 1o see if it b. Check gear backjash
fesets 10 2er0 each time. in meter head
3. Meter cavitation Apply excessive back Adjust back-pressure
pressure for a brief ime. according to requiremeats.
4. Meter calibrator Isolate and test Repair/replace as
required.

temperature mechanism.



MPNS 5.2-87 l 0732290 DOS495L qr

Manual of Petroleum
Measurement Standards
Chapter 5—Liquid Metering

Section 2—Measurement of Liquid
Hydrocarbons by Displacement

Meters

Measurement Coordination Department

SECOND EDITION, NOVEMBER 1987

American
Petroleum
Institute

D

—

ht by the AMERICAN PETROLEUM INSTITUTE(APY)
y 11.10.29.16 1997



d

Copyrighl by the AMERICAN PETROLEUM INSTHTUTE (AP1)

Tue Feb 11 1029:16 1997

MPMS 5.2-87 j §732290 DB54955 gr E

CONTENTS
SECTION 2—MEASUREMENT OF LIQUID HYDROCARBGNS BY
DISPLACEMENT METERS
Pace
S.2.1 Introduction ........coeiiiiiiii i i ie e 1
B < 1
5.2.3 Feld of Application ... e, 1
5.2.4 Referenced Publications ..ot iiiiiniin i i 1
5.2.5 Design Considerations ........ovviieeiiivienererinieireraianiieeniiveensans 1
5.2.6 Selecting a Meter and Accessory Equipment ...l 1
527 InstAllBtion ... icoinier i i e s e 2
5.2.8 Meter PerfOmmAnce ........oiiiiiiiiiiiaiiriirarinre e teatarinrenres 5
5.2.9 Operation and Maintenance ..........ccoooivvviiiiiiieeinniieicaianainn, 6
Figure
1-—Typical Schematic Arrangement of Meter Station With Three Displacement
MetErs L. i e e 3
v -
<




S © Chapter 5—Liquid Metering

MPMS 5.2-87

SECTION 2—MEASUREMENT OF LIHQHE!PEggDROCARBONS BY DISPLACEMENT

5.2.1 Introduction

Chapter 5.2 is intended to describe methods of obtaining
accurate measurements and maxirnurn service life when dis-
placement meters are used to measure liquid hydrocarbons.

A displacement meter is a flow-measuring device that
separates a lquid into discrete volumes and counts the sepa-
rated volumes. The meter carries through its measuring ele-

ment a theoretical swept volume of liquid, plus the slippage

for each stroke, revolution, or cycle of the moving parts.
The registered volume of the displacement meter must be
compared with a known volume that has been determined
by proving, as discussed in Chapter 4.

It is recognized that meters other than the types described
in this chapter are used to meter liquid hydrocarbons. This
publication does not endorse ar advacate the -preferential
use of displacement meters, nor does it intend to restrict the
development of other types of meters. Those who use other
types of meters may find sections of this publication useful.

5.2.2 Scope

This section of Chapter 5 covers the characteristics of
displacement meters and discusses appropriate considera-
tions regarding the liquids to be measured, the installation
of a metering system, and the selection, performance, op-
eration, and maintenance of displacement meters in liquid-
hydrocarbon service.

5.2.3 Field of Application

The field of application of this section is all segments of
the petroleum industry in which dynamic measurement of
liquid hydrocarbons is required. This section does not apply
to the measurement of two-phase fluids.

5.2.4 Referenced Publications

The current editions of the following standards, codss,
and specifications are cited in this chapter:

API
Manual of Petroleum Measurement Standards

Chapter 4, "‘Proving Systems’’

Chapter 4.2, "*Conventional Pipe Provers'’ (in
press)

Chapter 5, ‘*Meteriog"’

Chapter 5.4, *‘Instrumentation or Accessory
Equipment for Liquid Hydrocarbon Metering
Systems’’

Chapter 7.2, “'Dynamic Temperature Deter-
mination’’

Chapter 8, “*Sampling™’

Chapter 11.1, **Volume Correction Factors’’
(ASTM! D 1250, ISO? 91.1)

Chapter 12, ‘'Calculation of Petroleurn Quan-
tities™’

Chapter 12.2, “Caiculanon of Liquid Petro-
leum Quantities Measured by Turbine or Dis-
placement Meters”’

Chapter 13, *‘Statistical Aspects of Measuring
and Sampling™’

Chapter 13.2, **Meter Factor Control Charts™
(in press)

5.2.5 Design Considerations

The design of displacement-meter installations should take
into account the following considerations:

a. The installation should be able to handle the maximum
and minimum flow rates, the maximum operating pressure,
and the temperature range of the liquid to be measured. If
necessary, the installation should include protective devices
that keep the operation of the meter within design limits.
b. The installation should ensure a maximum, dependable
operating life. Strainers, filters, air/vapor eliminators, or
other protective devices may be provided upstream of the
roeter to remove solids that could cause premature wear or
gases that could cause measurement errof.

¢. The installation should ensure adequate pressure on the
liquid in the metering system at all temperatures so that the
fluid being measured will be in the liquid state at all times.
d. The installation should provide for proving each meter
and should be capable of duplicating normal operating con-
ditiops at the time of proving.

e. The installation should comply with all applicable reg-
ulations and codes.

5.2.6 Selecting a Meter and
Accessory Equipment

Chapter 5.4 provides guidelines for selecting the appro-
priate equipment. In addition, the manufacturer should be

'American Socicty for Testing and Materials, 1916 Race Street, Phila-
delphia, Pennsylvania 19103,

International Organization for Standardjzation, 1430 Broadway, New York,
New York 10018,

: by ihe AMERICAN PETROLEUM INSTTTUTE(AP)
11°10:29.16 1997

. 0732290 005445k E._
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consulted, and detailed consideration should be given to the
following items:

a. The properties of the metered liquids, including viscosity,
vapor pressure, toxicity, corrosiveness, and lubricating abil-
ity. Toxic and environmentally controlled fluids must re-
ceive special consideration to prevent and control potential
leaks or spills.

b. The operating flow rates and whether the flow is contin-
uous, intermittent, fluctuating, bidirectional, or reversible.
c. Accuracy requirements.

d. The class and type of piping connections and materials
and the dimensions of the equipment to be used.

¢. The space required for the meter installation and the
proving facility.

f. The range of operating pressures, acceptable pressure
losses through the meter, and whether pressure on the liquid
is adequate to prevent vaporization.

g. The operating temperature range and the applicability of
automatic temperature compensation,

h. Effects of corrosive contaminants on the meter and the--

quantity and size of foreign matter, including abrasive par-
ticles, that may be carried in the liquid stream.

1. The types of readout and printout devices or systemns to
be used (see Chapter 5.4) and the standard units of volume
or mass that are required.

j- The method by which a meter in a bank of meters can
be put on or taken off line as the total rate changes and the
method by which it can be proved at its normal operating
rate.

k. The type, method, and frequency of proving (see Chapter
4),

1. The method of adjusting a meter’s registration.

m. The need for accessory equipment, such as pulsers,
additive injection apparatus, combinators, and devices for
predetermining quantity. When meter-driven mechanical ac-
cessory devices are used, caution must be taken to limit the
total torque applied to the metering element (see Chapter
5.4y, '

n. Automatic pressure lubrication for nonlubricating or dirty
liquids.

0. Valves in the meter installation, Valves require special
consideration, since their performance can affect measure-
ment accuracy, The flow- or pressure-control valves on the
main-stream meter run should be capable of rapid, smooth
opening and <losing to prevent shocks and surges. Other
valves, particularly those between the meter or meters and
the prover (for example, the stream divession valves, drains,
and vents) require leakproof shutoff, which may be provided
by a double block-and-bleed valve with telltale bleed or by
another similarly effective method of verifying shutoff in-
tegrity.

p- Maintenance methods and costs and spare parts that are

needed.
q. Requirements and suitability for security sealing.

5.2.7 Instaliation

Figure 1 is a schematic diagram of a typical meter station.
Meters shall be installed according to the manufacturer's
instructions and shall not be subjected to undue piping strain
and vibration. Flow conditioning is not required for dis-
placement meters.

5.27.1 VALVES

5.2,7.1.1 If a bypass is permitted around a meter or a
battery of meters, it should be provided with a blind or
positive-shutoff double block-and-bleed valve with a telltale
bleed.

5.2.7.1.2 In general, all valves, especially spring-loaded
or self-closing valves, should be designed so that they will
not admit air when they are subjected to vacuum conditions.

5.2.7.1.3 Valves for intermittent flow control should be
fast acting and shock free to minimize the adverse effects
of starting and stopping liquid movement.

5.2.7.1.4 A flow-limiting device, such as a flow rate con-
trol valve or a restricting orifice, should preferably be in-
stalled downstream of the meter. The device should be selected
or adjusted so that sufficient pressure will be maintained to -
prevent vaporization.

§.2.7.2 PIPING INSTALLATION

5.2.7.21 Meters are normally installed in a horizontal
position. The manufacturer shall be consulted if space limi-
tations dictate a different position,

5.2,7.2.2 Where the flow range is too great for any one
meter or where continuous service is needed, a bank of
melers may be instailed in parallel. Each meter in the bank
shall be operated within its minimum and maximum flow
rates. A means shall be provided to balance flow through
each meter.

5.2,7.2.3 Meters shall be installed so that they will have
a maximum, dependable operating life. This requires that
protective devices be installed to remove from the liguid
abrasives or other entrained particles that could stop the
metering mechanism or cause premature wear, Strainers,
filters, sediment traps, scttling tanks, water separators, a
combination of these items, or any other suitable devices
can be used. They should be properly sized and installed
so that they do not adversely affect the operation of the
meter. Protective devices may be installed singly or in an
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L. Pressure-reducing valve—manual or automatic, if required. 6. Check valve, if required
2. Filter, strainer, and/or vapor eltminater (if required} for each meter 7. Contral valve, if required
or whole station. 8. Positive-shutoff double block-and-bleed valves.
3. Displacement meter. 9. Flow control valve, if required.
4. Temperature measurement device. 10. Biock valve, if required.
5. Pressure measurement device. 11. Differential pressure device, if required.

Note: All sections of the line that may be blocked between valves shall have provisions for pressure relief
(preferably not to be mstatled between the meter and the prover).

Figure 1—Typical Schematic Arrangement of Meter Station With Three Displacement Meters
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interchangeable battery, depending on the importance of
continuous service. Monitoring devices should be installed
to determine when the protective device needs to be cleaned.

5|2¢7:2|4 Metﬁrs Shnl] bc iﬂstﬂ-ued 80 thﬂt [hery WiI] pﬂl’-
form satisfactorily within the viscosity, pressure, temper-
ature, and flow ranges that will be encountered.

5.2,7.2.5 Meters shall be adequately protected from pres-
sure pulsations and excessive surges and from excessive
pressure caused by thermal expansion of the liquid. This
kind of protection may require the installation of surge tanks,
expansion chambers, pressure-limiting valves, relief valves,
or other protective devices. When pressure relief valves are
located between the meter and the prover, a means of de-
tecting spifls from the valves shall be provided.

5.2,7.2.6 A back-pressure valve may be required to main-
tain the pressure on the meter and the prover above the fluid
vapor pressute, In general, displacement meters do not ac-
celerate fluid velocity and are not subject to the resulting
pressure reduction that can cause vaporization {cavitation)
in other types of meters.

Whenever possible, flow-limiting devices should be in-
stalled downstream of the meter and the proving system.
An alarm may be desirable to signal that flow rates have
fallen below the design minimum. If a pressure-reducing
device is used on the inlet side of the meter, it shall be
installed as far upstream of the meter as possible. The device
shall be instalied so that sufficient pressure will be main-
tained on the outlet side of the meter instaliation to prevent
any vaporization of the metered liquid.

5.2.7.2.7 Any condition that contributes to the release of
vapor from the liquid stream shall be avoided through suit-
able system design and through operation of the meter within
the flow range specified by the manufacturer. The release
of vapor can be minimized or eliminated by maintaining
sufficient back pressure downstream of the meter. This can
be achieved by installing the appropriate type of valve (back-
pressure, throttling, or reducing) downstream of the meter,

The manufacturer’s review and recommendation will be
uscful in determining the required back-pressure condition.

5.2,7.2.8 Each meter shall be installed so that neither air
nor vapor can pass through it. If necessary, air/vapor elimi-
nation equipment shall be installed as close as possible to
the upstream side of the meter. The vapor vent lines on air/
vapor climinators shall be of adequate size. The safety of
the venting system should be given special design consid-
eration. Air eliminators cannot vent when they are operating
betow atmospheric pressure, and under adverse conditions,
they may even draw air into the system. A tight-closing
check valve in the vent line will prevent air from being
drawn into the system under these conditions,’

5.2.7.2.9 Moters and piping shall be installed so that ac-
cidental drainage and vaporization of liquid is avoided. The
piping shall have no unvented high points or pockets where
air or vapor may accumulate and be cacried through the
meter by the added turbulence that results from increased
flow rate. The installation shall prevent air from being in-
troduced into the system through leaky valves, piping, glands
of pump shafts, separators, connecting lines, and so forth.

5.2.7.2.10 Lines from the meter to the prover shall be
instalied to minimize the possibility of air or vapor being
trapped. Manual bleed valves should be installed at high
points so that ajr can be drawn off before proving. The
distance between the meter and its prover shall be mini-
mized. The diameter of the connecting lines shall be large
enough to prevent a significant decrease in flow rate during
proving. In multimeter stations, throttling valves may be
installed downstream of the meters to regulate flow through
the prover while each meter is being proved.

5.2.7.211 Piping shall be designed to prevent the loss or
gain of liquid between the meter and the prover during
proving.

5.2.7.2.12 Special consideration should be given to the
location of each meter, its accessory equipment, and ijts
piping manifold so that mixing of dissimilar liquids is mini-
mized.

5.2.7.213 For meters designed to flow in one direction
enly, provision shall be made to prevent flow in the opposite.- -
dircetion.

5.2.7.2.14 A means of measuring temperature shall be
provided to enable correction of thermal effects on the stream
or meter. The capability to obtain the stream temperature
inside the meter body is desirable. Some meters allow for
installation of a temperature-measuring device in the meter
body; however, this is impractical with many meters because
of the way they are constructed or because of the type of
temperature-measuring device that is selected.

If it is impractical to mount the temperature-measuring
device in the meter, the device should be installed either
immediately downstream or upstream of the meter. Where
several meters are operated in parallel on a common stream,
one {emperature-measuring device in the total stream, lo-
cated sufficiently close to the meter inlets or outlets, is
acceptable if the stream temperatures at each meter and at
the sensing location agree within the tolerance specified in
Chapter 7.2. Test thermowells should be provided near each
meter to verify that the stream temperatures are identical.

Refer to Chapter 7.2 for additional information,

5.2.7.2.15 To determine meter pressure, a gauge, re-
corder, or transmitter of suitable range and accuracy shall
be installed near the inlet or outlet of each meter.
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5.2.7.2.16 A heat-traced manifold that maintains a heavy
hydrocarbon in a sufficiently liquid state to permit mea-
surermnent by a displacement meter shall be designed to meet
the following objectives:

a. An excessively high temperature cannot occur.

b. The temperature cannot fall below the level at which the
viscosity of the liquid becomes too great for the displace-
ment meter at the required flow rates.

Temperature control is especially important when the me-
ter is not operating. The meter manufacturer should be con-
sulted about high and low limits for viscosity and temperature.

5.2.7.3 ELECTRICAL INSTALLATIONS

Displacement-meter systems may include a variety of
electrical or electronic accessorics, as discussed in Chapter
5.4. The electrical systemns shall be designed and installed
to meet the manufacturer's recommendations and the ap-
plicabie hazardous area classifications, to preclude signal
and noise interference from nearby electrical equipment,
and to minimize the possibility of mechanical damage to
the components.

5.2.8 Meter Performance

Meter performance .is dcfined by how well a metering
system produces, or can be made to produce, &ccurate mea-
surements.

5.2.8.1 METER FACTOR

Either of two methods of meter proving may be used,
depending on the meter's intended application and antici-
pated operating conditions.

5.2.8.1.1 With the first method of proving, the meter
calibrator mechanism is adjusted until the change in meter
reading during a proving equals or nearly equals the volume
measured in the prover.

Adjusted meters are most frequently used on retail deliv-
ery trucks and on truck and rail-car loading racks, where it
is desirable to have direct-reading meters without having to
apply mathematical corrections to the reading. An adjusted
or direct-reading meter is correct only for the liquid and the
flow conditions at which it was proved.

5.2.8.1.2 With the second method of proving, the meter
calibrator mechanism is not required or is not adjusted, and
a meter factor is calculated. The meter factor is a number
obtained by dividing the actual volume of liquid passed
through the meter during proving by the volume registered
by the meter. For subsequent metering operations, the actual
throughput or measured volume is determined by multiply-
ing the volume registered by the meter by the meter factor
(see Chapter 4 and Chapter 12.2).

When direct reading is not required, the use of a meter
factor is preferred for several reasons. It is difficult or im-
possible to adjust a meter calibrator mechanism to register
with the same resolution that is achieved when a meter factor
is determiped. In addition, adjustment generally requires
one or more reprovings to confirm the accuracy of the ad-
justment. In applications where the meter is to be used with
several different liquids or under several different sets of
operating conditions, a different meter factor can be deter-
mined for each liquid and for each set of operating condi-
tions.

For most pipelines, terminals, and marine loading and
unloading facilities, meters are initially adjusted to be cor-
rect at average conditions, end the mechanisms are sealed
at that setting. Meter factors are then determined for each
petroleum liquid and for each set of operating conditions at
which the meters are used. This method provides flexibility
and maintains maximum accuracy.

5.2.8.1.3 An assessment of meter performance can best
be made by monitoring a meter factor for a given petroleum
liquid over an extended period of time, Chapter 13 describes
methods for monitoning meter history and performance.

Simitarly, meter performance for calibrated mctcriif can
be assessed by monttoring the frequency, extent, and di-
rection of the mechanical adjustments that are necessary to
maintain calibration,

5.2.8.1,4 The following variable conditions may affect
the meter factor: ol

a. Flow rate.

b. Viscosity of the liquid.

¢. Temperature of the liquid.

d. Pressure of the flowing liquid.

e. Cleanliness and lubricating qualities of the liquid.

f. Change in measuring-clement clearances due to wear or
damage.

g. Torque load required to drive the register, prmtcr. and
all accessory equipment.

h. Malfunctions in the proving system (see Chapter 4),

52.8.2 CAUSES OF VARIATIONS IN METER
FACTOR

There are many factors that can change the performance
of a displacement meter, Some factors, such as the entrance
of foreign matter into the meter, can be remedied only by
climinating the cause of the problem. Other factors depend
on the properties of the hquid being measured; these must

be overcome by properly designing and opcrating the me-.

tering system.

The variables that have the greatest effect on the meter
factor are flow rate, viscosity, temperature, and foreign
matter (for example, paraffin in the Jiquid). If a meter is
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proved and operated on liquids with inherently identical
properties, under the same conditions as in service, the
highest level of accuracy may be expected. If there are
changes in one or more of the liquid properties or in the
operating conditions between the proving and the operating
cycles, then a change in meter factor may result, and a new
meter factor must be determined.

5.2.8.3 VARIATIONS IN FLOW RATE

Meter factor varies with flow rate. At the lower end of
the range of flow rates, the meter-factor curve may become
less reliable and less consistent than it is at the middle and
higher rates. If a plot of meter factor versus flow rate has
been developed for a given set of operaling conditions, it
is possible to select a meter factor from the curve; however,
if a proving system is permanently installed, it is preferable
to reprove the meter and apply the value determined by the
reproving. If a change in total flow rate occurs in a bank
of two, three, or more displacement meters installed in
parallel, the usual procedure is to avoid overranging or
underranging an individual meter by varying the number of
meters in use, thereby distributing the total flow among a
suitable number of paraliel displacemient meters.

5.2.8.4 VARIATIONS IN VISCOSITY

The meter factor of a displacement meter is affected by
changes in viscosity that result in variable slippage. Vis-
cosity may change as a result of changes in the liquids to
be measured or as a result of changes in temperature that
occur without any change in the liquid. It is therefore im-
portant to take into account the parameters that have changed
before a meter factor is selected from a plot of meter factor
versus viscosity. It is preferable to reprove the meter if the
liquid changes or if a significant viscosity change occurs.

5.2.8.5 VARIATIONS IN TEMPERATURE

In addition to affecting the viscosity of the liquid, changes
in the temperature of the liguid have other important effects
on meter performance, as reflected in the meter factor. For
example, the volume displaced by a cycle of movements of
the measuring chambers is affected by temperature. The
mechanical clearances of the displacement meter may also
be affected by temperature. Higher temperatures may par-
tially vaporize the liquid, cavse two-phase tlow, and se-
verely impair measurement performance.

5.2.8.5.1 When a displacement meter is proved, the tem-
perature of the liquid in the meter and in the prover should
be the same, If the temperature is not the same, both velumes
must be corrected to 2 volume at a base or reference tem-
perature so that a correct meter factor can be obtained. For

such corrections, the petrolenm reasurement tables in Chapter
11.1 should be used in accordance with Chapter 12,2.

5.2.8.5.2 Either an automatic temperature compensator or
a manually calculated temperature correction based on the
observed average temperature of the delivery may be used
to correct registered volume to a volume at a base or ref-
erence temperature.

5.2.8.6 VARIATIONS IN PRESSURE

6.2.8.6.1 If the pressure of the liquid when it is metered
varies from the pressure that existed during proving, the
relative volume of the liquid will change as a resuit of its
compressibility. The potential for error increases in pro-
portion to the magnitude of the difference between the prov-
ing and operating conditions. For greatest accuracy, the
meter should be proved at the operating conditions (see
Chapter 4 and Chapter 12), -

The physical dimensions of the metér will also change
as & result of the expansion or contraction of its housing
under pressure. The use of double-cese meters prevents this
problem.

5.2.8.6.2 Volumetric corrections for pressure effects on
liquids that have vapor pressures above atmospheric pres-
sure are referenced to the equilibriutm vapor pressure of the
liquid at a standard temperature, 60°F, 15°C, or 20°C, rather
than to atmospheric pressure, which is the typical reference
for liquids with measurement-temperature vapor pressures
below atmospheric pressure. Both the volume of the liquid
in the prover and the registered metered volume are cor-
rected from the measurement pressure to the equivalent vol-
urnes at the equilibrium vapor pressure at 60°F, 15°C, or
20°C.

This is a two-step calculation that involves comrecting both
measurement volumes to the equivalent volumes at equilib-
rivm vapor pressure at the measurement temperature. The
volumes are then corrected to the equivalent volumes at the
equilibrium vapor pressure at 60°F, 15°C, or 20°C. A de-
tailed discussion of this calculation is included in Chapter
12.2.

5.29 Operatioi'l and Maintenance

This section covers recommended operating practices for
displacement-meter installations. All operating data that
pertain to measurement, including the meter-factor control
charts, should be accessible to interested parties.

5.2.9.1 CONDITIONS THAT AFFECT
OPERATIONS

5.2.9.1.1 The overall accuracy of measurement by dis-
placement meter depends on the condition of the meter and
its accessories, the temperature and pressure cormrections,
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the proving system, the frequency of proving, and the vari-
ations, if any, between operating and proving cenditions.
A meter factor obtained for one set of conditions will not
necessarily apply to a changed set of conditions.

§.2.9.1.2 Displacement meters should be operated with
the manufacturer’s recommended accessory equipment and
within the range of flow rates specified by the manufacturer.
Meters should be operated only with liquids whose prop-
erties were considered in the design of the installation,

5.2.9,1.3 If a displacement meter is to be used for bi-
directional flow, meter factors shall be obtained for flow in
cach direction.

5.2.9.1.4 Failure to remove foreign matter upstream of a
displacement meter may result in both mismeasurement and
damage. Strainers, filters, or other protective devices should
be placed upstream of the meter bank.

5.2.9.2 PRECAUTICNS FOR OPERATING NEWLY
INSTALLED METERS

When a new meter installation is placed in service, par-
ticularly on newly installed lines, foreign matter can be
carried to the metering mechanism during the initial passage
of liquid. Protection shouid be provided from malfunction
or damage by foreign matter, such as air or vapor, slag,
debris, welding splatter, thread cuttings, or pipe compound.
Following are suggested means of protecting the meter from
foreign matter: '

a. Temporarily replace the meter with a spool,

b. Put a bypass around the meter.

c. Remove the metering element.

d. Install a protective device upstream of the meter,

INSTRUCTIONS FOR OPERATING
METER SYSTEMS

Definite procedures both for operating metering systems
and for calculating measured quantitics should be furnished
to personnel at meter stations Following 1s a list of items
that these procedures should include, along with chapters
of the APl Manual of Petroleurn Measurement Standards
that can be used for reference and assistance in developing
these operating guidelines:

5.2.9.3

a. A standard procedure for meter proving (Chapter 4).
b. Instructions for operating standby or spare meters.

¢. Minimum and maximum meter flow rates and other
operating information, such as pressure and temperature.
d. Instructions for applying pressure and temperature cor-
rection factors (Chapter 12.2).

e. A procedure for recording and reporting corrected meter
volumes and other observed data.

f. A procedure for estimating the volume passed, in the
event of meter failure or mismeasurement.

g. Instructions in the use of control charts and the action
to be taken when the meter factor exceeds the established
acceptable limits (Chapter 13).

h. Instructions regarding who should witness meter prov-
ings and repairs.

i. Instructions for reporting breaks in security seals.

j. Instructions in the use of all forms and tables necessary
to record the data that support proving reports and meter
tickets. )

k. Instructions for routine maintenance,

1. Instructions for taking samples (Chapter 8).

m. Details of the general-policy regarding frequency of
meter proving and reproving when changes of flow rate or
other variables affect meter accuracy (Chapters 4 and 5).
n. Procedures for operations that are not included in this
list but that may be important in an individual installation.

5.2.9.4 METER PROVING

5.2,9.4.1 Each displacement meter should contain a per-
manent prover or connections for a portable prover or master
meter to obtain and demonstrate the usc of meter factors

that represent current operations. The proving methods se- - .

lected shall be acceptable to all parties involved (see Chapter
4).

5.2.9.4.2 The optimum frequency of proving dcpcnc_!-s on
so many operating conditions that it is unwise to establish
a fixed time or throughput interval for all conditions.. In
clean fluid service at substantially uniform rates and tem-
peratures, meter factors tend to vary little, necessitating less
frequent meter proving. More frequent proving is required
with fluids that contain abrasive materials, in LP gas service
where meter wear may be significant, or in any service
where flow rates and/or viscosities vary substantially. Like-
wise, frequent changes in product types necessitate more
frequent provings. In seasons of rapid ambient temperature
change, meter factors vary accordingly, and proving should
be more frequent. Study of the meter-factor control chart,
which should include data on liquid temperature and rate,
will aid determination of the optimum frequency of proving
{see 5.2.9.5).

5.2.94.3 Provings should be frequent (cvery tender or
every day) when a meter is 1nitially installed. After frequent
proving has shown that the meter factars for any given liquid
are being reproduced within narrow limits, the frequency
of proving can be reduced if the factors are under control
and the overall repeatability of measurement is satisfactory
to the parties involved.

. 0732290 00549kL2 ar
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5.2.9.4.4 A meter should always be proved after main-
tenance. If the maintenance has shifted the meter-factor
values, the period of relatively frequent proving should be
repeated to set up a new factor data base by which meter
performance can be monitored. When the values have sta-
bilized, the frequency of proving can again be reduced.

5.2.9.5 METHODS OF CONTROLLING METER
FACTORS

5.2.9.5.1 Meter factors can be controlled with a suitable
statistical control method. Chapter 13.2 addresses meter
measurement control methods and other methods of analysis
that use historical comparison of meter-factor data to momni-
tor meter performance.

5.2.9,6.2 Meter-factor contrel charts are essentially plots
of successive meter-factor values along the abscissa at the
appropriate ordinate value, with parallel abscissae repre-
senting X + lo, X * 20, and X + 30, where X is the
afithmetic mean meter-factor value and o is the standard
deviation or other tolerance-leve} criterion (for example,
+0.0025 or £0.0050). A control chart can be maintained
for each displacement meter in each product or grade of
crude at & specified rate or range of rates for which the
meter is to be used.

5.2.9.5.3 Meter-factor control methods can be used to
provide a wamning of measurement trouble and to show when
and to what extent results may have deviated from accepted
norms. The methods can be used to detect trouble, but they
will not define the nature of the trouble. When trouble is
encountered or suspected, the measurement system should
be systematically checked. The following problems com-
monly occur in displacement-meter systems:

a. The physical properties of the liquid change.

b. The moving parts or bearing surfaces of the displacement
meter become worn or fouled with foreign matter.

c. Isolation and diversion valves leak.

d. The proving system and its components reguire main-
tenance {see Chapter 4).

e. Air becomes trapped somewhere in the manifolding. (This
possibility must be remedied by either procedure or equip-
ment).

f. The gear train components, above or below the proving
pickup, malfunction.

g. The calibration of pressure-, temperature-, and density-
sensing devices bas to be checked.

h. When a tank prover is used, the act of opening and
closing the diversion valve is unduty slow. {Opening and
closing should be smooth and rapid).

5.2.9.6 METER MAINTENANCE

5.2,8.6.1 For maintenance purposes, a distinction should
be made between parts of the system that can be checked
by operating personnel {parts such as pressure gauges and
mercury thermometers) and more complex components that
may require the services of technical personnel. Displace-
ment meiers and associated equipment can normally be ex-
pected to perform well for long periods. Indiscriminate
adjustment of the more complex parts and disassembly of
equipment is neither necessary nor recommended. The man-
ufacturer’s standard maintenance instructions should be fol-
lowed.

5.2.9.6.2 Meters stored for a long period shall be kept
under covet and shall have protection to minimize corrosion:

5.2.9.6.3 Establishing a definite schedule for meter main-
tenance is difficult, in terms of both time and throughput,
because of the many different sizes, services, and liquids
measured. Scheduling repair or inspection of a displacement
meter may best be accomplished by monitoring the meter-
factor history for each product or grade of crude oil. Small
random changes in meter factor will naturally occur in nor-
mal operation, but if the value of thesc changes exceeds the
established deviation limits of the control method, the cause
of the change should be investigated, and any necessary
maintenance should be provided. Using deviation limits to
determine acceptabie normal variation strikes a balance be-
tween looking for trouble that does not exist and not looking
for trouble that does exist.
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Chapter 5—Liquid Metering

SECTION 3—MEASURING LIQUID HYRDROCARBONS BY TURBINE METERS

5.3.1 Introduction

Chapter $.3 »wintended to describe methods of ubtaming
accurate measurements and mavimum servace hde when tur-
bine meters are used 10 measure Liguid hydrocarhons,

A turbine mcler 15 a fTow-preasuring desice with a rotor
thut semes the velocity of Nowing higuid 10 a closed condutl
tsee Frgure 1), The Nowing higuid causes the rotor to mese
with a tangenual velocity that i proportiona o volumetric
flow rate. The mavement of the rotor can be detected me-
chamcally optically L or elecincally and iv registered on o
readout The actual volume thut pasees the meter and s
registered on g readout v determined by proving against g
known volume. as discussed in Chapler 4.

1t 1s recognized tiar meters other than the rvpes desenibed
in this chapier arc used 10 meter hquid hyvdrocarbons, This
publicatron does not endorse or adhocate the preferential
use of turbine meters, nos does it ntend 1o restrict the

deselopment ol other 1y pes of meters. Those who use other
tpes ol mcters s fBind sections of this chapter useful

5.3.2 Scope

This section of Chapter 5 defines the application cniteria
forturbine meters and drcusses appropriate considerations
regarding the higuids to be meawred. the installation of
turbine metening system, and the performance. operation,
and muaintenance of turbine meters in hguid-hydrocarbon
\ervice.

5.3.3 Field of Application

The field of application of this section 1~ all segments of
the petroleum industry n which dynamic measurement of
liquid hydrocarbons is required  This section does not apply
to the mes~urement of two-phase fluids

/;\\
() /J N
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I Upstream stator,

2 U patream stator supponts
3 Reanings

4 Shan

5 Rutot hub

6 Rator blade

7. Downstream stator

8 Downstream stalor suppons
9 Mcier housing

10 Pichup

Il End connections

Figure 1—Names of Typical Turbine-Meter Parts
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5.3.4 Referenced Publications

The current eduwrons of the following standards, codes.
and specifications are cited in this chapter

AP}
Manual of Petroletun Measuremett Standurds

Chapter 4, ~"Proving Systems’”

Chapter 5. “"Metenng™”

Chapter 3 4. “instrumentation or Accessory
Equipment tor Liquid Hydrocarbon Metering
Systems”™

Chapter 5.5, "Fdehty and Security of Flow
Measurement Pulsed-Data Transmuysion Sys-
tems”’

Chapter 7 2, ""Dynamic Temperature Deter-
minatin’’ )
Chapter B, “Sampling™

Chapter 11, " Phy~ical Properties Data™
Chapter 12, "Calculation ot Petroleum Quan-
tities ™’

Chapter 12.2. "Calculation of Liyuid Petro-
leumn Quantities Measured by Turbine or Dis-
placement Meters™

Chapter 1 1, “"Statistical Aspects of Measunng
and Sampling ™

Chapter 13 2. " "Meter Factor Control Charts™
(N préess) .

Chapter 14 3, Orifice Metening of Natueal
Gas and Other Related Hydrocarbon Fluids™
tAGA' Repurt No 3)

5.3.5 Design Considerations

The design of turbine-imeter instzllations should rake tnto
account the toliowing considerations,

2 The installation should be able to handle the maumum
and minimum flow rates. the maximum operating pressure,
and the temperature range and type of hquid te be measured
[t necessary. the installanon should include protective de-
vices that keep the operation of the meter within design
limits,

b The installation should ensure a maximum., dependable
operating lite  Strainers, hlters, mr/vapor eliminators, or
uther protective devices may be provided upstream of the
meter ta remose solids that could cause premature wear or
rases that could cause measurernent emmor

¢ The insialtanon should ensure adequate pressure on the
liqusd in the metening system at al} temperatures so that the
Muid being measured will be i the hquid state a all times,

"Amenvan Gas Assocanon, 1318 Walson Boulevard, Adington Virginia
AR '

d. The installation should provide for proving each meter
and should be capable of duplicating normal operaung con-
ditions at the ume of proving. o )

e. The installanon should ensure appropriate tlow condi-
tioning both upstream and dow nstream of the meter or me-
ters.

f. The installavon should compty with all applicable reg-
ulations and codes

5.3.6 Selecting a Meter and Accessory
Equipment

Chapter 5.4 provides guidelines tor selecting the appro-
priate equipment In addition, the manufacturer should be
consulted. and detailed consideration should be given to the
following items

a. The properties of the metered byuids, including vis-
cosity. density . vapor pressure, corrosiveness, and lubn-
cating abiliy

b. The operating flow rates and whether How 15 untdiree-
tional or bidirectional. continuous. intermittent, oc fluc-
tuating.

¢. The performance charactenstics that are required for the
application {see Figure 2)

d. The range of operating pressures. acceptable pressure
losses through the meter, and whether pressure on the liquid
1s adequate to prevent vaporization.

¢ The operating temperature range and the applicabtliny
of automatic temperature compensation,

f. The space required for the meter instalianon and the
proving facility (see Figure 3}.

g Effects of corrosive contaminants on the meter and the
quantity and size of foreign matter, including abrasive par-
ticles, that may be carried in the hyuid stream.

h  The types of readout and printout devices to be used,
signal preamplitication 1see Chapter 5.4). and the standard
unuts of volume or mass that are required

i.  The compatibility of meter readout equipment and Mlow
rate indicators and the method of adjusting meter registra-
tion. 1f applicable (see Chapter 5 43,

i The class and type of pipe connections and materials
and the dimensions ot the equipment to be used

k The method by which a meter in a bank of meters can
be put un or 1aken off line as the total rate changes and the
method by which 1t can be proved at s normal vperating
rate.

. Power ~upply reguirements for continuous or intermat-
tent meter readout (see Chaprer § 4)

m. Electrical code requirements

n The type. method. and trequency ol proving (see Chap-
ter 4) .

-y
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0. Maintenance methods and costs and spare parts that are
needed

p. The fidelity and security of pulse-data transmission sys-
tems {see Chapter 3.5).

5.3.7

Details for the instatlation of turbine meters are provided
tn 5.3.7.1 through 5.3.7.4. Figure 3 ts a typical schematic
diagram for a turbine-meter system with unidirectional flow,

Instailation

53.7.1 FLOW CONDITIONING

5.3.7.1.1  The performance of turbine meters is affected
by liquid swirl and nonuniform veloeny prefiles that are
induced by upstream and dow nstream piping configurations,
valves. pumps. joint misalignment, protruding gaskets.
welding projections. or other obstructions. Flow condition-
ing <hall be used o overcome swirl and nonuniform velocity
protiles

5.3.7.1.2 Flow conditioning requires the use of sutficient
lengths of straight pipe or a combination of straight pipe
and straightenming elements that are inserted in the meter run
upstream (and sometimes dow nsiream) of the turbine meter
fvee Figure 4).

ames o
f}

©
©

A e e b . Me!er frun ———————

ft— 5 =t

e

5.3.7.1.3  When only straight pipe is used. the liquid shear,
or intemal friction between the liquid and the pipe wall.
shall be sufficient to accomplish the required flow condi-
tioning. Appendix A should be referred to for guidance in
applying the techmque. Experience has shown that tn many
instailanons. pipe lengths of 20 meter-bore diameters up-
stream of the meter and § meter-bore diameters downsiream
of the meter provide etfective conditioning.

5.3.7.1.4 A straightening element usually consists of a
cluster of tubes, vanes. or equivalent devices that are in-
serted longuudinally 1n a section of straight pipe (see Figure
4). Strusghtening elements effectively assist flow condi-
tioning by elirunating liquid swirl. Straightening elements
“may also consist of a series of perforated plates or wire-
mesh screens, but these forms normally cause a larger pres-
sure drop thun do tubes or vanes.

5.3.7.15 Proper design and construction of the straight-
eming element 1s important to ensure that swirl is not gen-
erated, since swirl negates the function of the flow conditioner.
The inllowing guidelines are recommended to avoid the
generatton of swirl: ?

..

/ .
a. The crovs-section should be as wniform and symmetrical
as posmible.

diameiers

O,

®
®

()G
©

e | (] e |
diameters
——
-

® © ®

Flow

ORIk voddve . ot reguired

2 Datterenual pressure Jdevive b reguired

o ddier serainer. and or vapor climinator ol regoited) tor cach meter
or whale station

4 Srrughwener gvwembiy per Ficure 4

S Turbine meter

P<i
©
©

To prover
From prover

Straneht pipe

feessure ineasurement dedicy

N Temperatuee megsurcient Joviee

9 Posittv e shutod 1 double Blowk-and-bloed s slve
10, Comtrol valve, b regurred

T Clech salse, of nequired

-+ F

Note Al sections ab hine that oiss e blevked between salves should have provesions for prossare ehed
fpreterably Aot anstaticd hetsweun the nicter and the pringers

Figure 3—Schematic Diagram of a Turbine Meter
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b. The design and construction should be rugged cnough to
resist distortion or movenent at high fow rates,

¢. The general internal construction shouid be clean and
tree from welding protrusions and other obstructions

5.3.7.1.6 Fiow-strnghtening sections shall be used. and
there shatl be ample distance between the meter run and
any pumps. clbows, valves, or other fithngs that may induce
swirl or 2 nonumtorm velocity prafile. Flanges and pashets
~hull be anternally aligned. and pashets shall not protrude
into the hyuid stream. Meter flanges shall be doweled or
matched by some method to enwure that the straightemng
sections and the meter are properly aligned during and after
ussembly.

5.3.7.2 VALVES

5.3.7.2.1  The salves an a turbine-meter stallation re-
quire specia! consideration. since their performance can af-

fect measurement accuracy  The Mow- or pressure-control
valves on the man-stream meter run should be capable of
rapid. smonth opeming and closing 1o prevent shocks and
surges Other valves, particuiarly those between the meter
or meters and the proner (for exumple. the stream diversion
valves, drains. and vents) reguire Seakproof shutoff, which
miny be provided by a double block-und-bieed valve with
teltale Bleed or by another similarly efiective method of
verifyving shutofl integriny

5.3.7.2.2 If a bypass is permatted around a meter or a
battcey of meters. 1t shall be provided with a blind or a
positne shutaflt double block-and-bleed valve with ielltale
bleed :

5.3.7.2.3  Allvabes, especially spring-losded or scif-closing
valves. shall be destpned so that they will not admit air
when they are subjected to vacuum conditions.

1
:

Ll L ARl Lk Sd R R R S SR SRS S LTI R LTI T '///'
A

-

Note. This figure shous assemblies installed upstream of the meter Downsiream of the meter. 5D mmimusm

of straight pipe should be used

length of upsiream plenum (2D-3M

length of downstream plesum (2 50)
nominal diameter of meter,
numbcr of imdividual tubes or vaned = 4)

LI I (I I |

aaCNhmer~

overall length of straightencr assembly (= 10D)

nomindl diameter of individual 1zbes 1B 4 = |1

length of tube or sane-1ype siratghtenimg element (2D- 3

Figure 4 —Examples of Flow-Conditioning Assembhes With Straightening
Elements
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5.3.7.2.4 Valves for intermitient flow control should be
fast acting and shock free to minimize the adverse effects
of starting and stopping liquid movement.

5.3.7.3 PIPING INSTALLATION

5.3.7.3.1 Figure 3 1s a schematic diagram that provides
a working basis for the design of a turbine-meter assembly
and its related equipment. Certain items may or may not be
required for a particular installation; others may be added
if necessary.

5.3.7.3.2 Turbine meters are normally installed in a hori-
zontal position. The manufacturer shall be consulted if space
limitanons dictate a different position.

5.3.7.3.3 Where the flow range is too great for any one
meter or its prover, a bank of meters may be nstatled in
parallel. Each meter in the bank shall operate within s
minimum and maximum flow rates. A means shall be pro-
vided to balance flow through each meter.

5.3.7.3.4 Meters shall be installed so that they will not
be subjected to undue stress. strawn, or vibration. Provision
shall be made to munimize meter distortion caused by piping
expansion and contraction.

5.3.7.3.5 Measurement systems shall be installed so that
they will huve a maximum. dependuble operating hie. This
requires that tn certan services protective desvices be in-
stulled to remove trom the liquid abrasives or other entrained
particles that could stop the metering mechanism or Cause
premuature wedr 1t strmners, tiliers, sediment traps. setthng
tanks, water separators. a combination of these items, or
any other suitable devices are reyuired. they shall be wized
and nstalied to present ash vaporization of the liquid be-
fore 1t pusses through the meter. Protective devices may be
mstalled singly or in on interchangeable battery. depending
un the importance of continuous service. In services where
the iquid i clean or the installed meter does not require or
warrant protection. ormssion of protective devices may be
acceptable. Monitonng devices should be installed to de-
wrnune when the protective device aeeds to be cleaned.

5.3.7.3.6 Meusurement systems shall be installed and op-
crated so that they provide satistactory performance within
the viscosty, pressure. temperature. and tlow ranges that
will be encountered,

5.3.7.3.7  Meters shall be udequately protected trom pres-
sure pulsations and excessive surges and from excessive
pressure caused by thermal expansion ot the liquid. This
Lind ot protection may require the snstatlation ot surge tanks,
cxpansion chambers, pressure-fimiling vaives. pressure re-
liet valves, und or other protectine devices When pressure
tehiel valves or pressure-hinting valves are Jocated between

the meter and the prover, a means of detecting spills from
the valves shail be provided.

§.3.7.3.8 Conditions that contribut > to vaporization of the
liquid stream shall be avoided through suitabie system de-
sign and through operation of the meter within the fow
range specified by the manufacturer. Vaporization can be
minimized or eliminated by maintaining sufficient back
pressure in and immediately downsteeam of the meter. This
is generally accomplished by placing a back-pressure valve
downstream of the meter to maintain pressure on the meter
and the prover above the vapor pressure of the liquid. tn
some operations. the normal system pressure may be high
enourh to prevent vaporization without the use of a back-
pressure vahe. .

For low-vapor-pressure liquids. the numencal value of
the mirmimum back pressure should be calculated as foliows.

P, =2Ap + 1.25p,

Where.
P, = minimum back pressure. tn pounds per squnrc
ich gauge. N
Ap = pressure drop across the meter at the maximum
rate of flow. in pounds per square inch.
fv = absolute vapor pressure at the maximum op-

erating temperature. in pounds per ~quare inch
absolute, .

With high-vapor-pressure liquids. it may be possible.to re-
duce the coelficient of 1.25 10 some other practical and
operable margin. In either case, the recommendations of
the meter manufacturer should be considered (see Figure

5).

5.3.7.3.3 When a flow-limiting device or a restricting
orifice is required. 1t should be installed downsiream of the
meter run. An alarm may be destrable 1o signal that Row
rates have fallen beiow the design minimum. if 2 Mow-
limittng or other pressure-reducing device 1s instalied on the

_inlet side of the meter, 1t shall be installed as far ay possible

upstream of the meter run and shall mantain enough pres-
sure on the outlet side of the meter run to prevent any
vaporization of the metered liquid.

§.3.7.3.10 Each meter shall be installed so that neither
air aor vapor can pass through it If necessary. airvapor
climination equipment shall be installed upstream of the
meter. The equipment shall be installed as cluse to the meter
as iS5 consistent with good practice. but it must not be so
close that ot creates swirl or a distorted velocuty profile at
the entry ta the incter Any vapors shall be vented in a safe
manner

$.3.7.3.11  Meters and piping vhall be 1nsalled so that
accidental drainage or vaponzation of iquid 1s avorded, The
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‘piping shall have no unvented high points or pockets where
air or vapor could accumulate and be carried through the
meter by the added turbulence that results from increased
flow rate. The installavon shall prevent air from being in-
troduced into the systemn through leaky valves. piping. glandy
of pump shafis, separators, conannecting lines, and so funth,

5.3.7.3.12 Lines from the meter to the prover shall he
nstalled 1o minimize the possibibty of air or vapor being
trapped. Manual bleed valves should be installed at high
points so that air can be drawn off before proving. The
distance between the meter and its prover shall be mim-
mized The diameter of the connecting lines shall be large
enough 10 prevent a significant decrease in flow rate during
proving Flow-rate control valves may be required down-
streamn of each meter. particularly in mulumeter installa-
tions. 10 keep the proving flow rate equal to the normal
operating rate for each meter

5.3.7.3.13 Piping shal! be designed 10 prevent the foss or
gam of hiquid between the meter and the prover dunng
proving.

Pulses

per
untt volume

A

Curve represents

5.3.7.3.14 Special consderaton should be given o the
Jocation of each meter, s accessory cquipment, and s
piping manilold so that nuving of dissimilar liguids s i
miz2ed.

5.3.7.3.15 Mot turbine meters wall register flow in both
dircctions. but seldom with wlentical meter tactors 11 {low
must be restricted to a single direction because of meter
design. fow in the opposite direction shall be prevenied

5.3.7.3.16 A thcrmomeicr. or a thermometer well that
pernuts the use of a temperature-measuring device, shall be
installed in or near the tnict or outict of 2 meter ron so that
metered stream temperatures can be determined The device
shall not be installed upstream within the flow -conditioning
sections or downstream closer than the manufacturer’s rec-
ommended position. I temperature compensators are uscd.
a suitable means of cheching the operation of the compen-
sators v required. Refer 1o Chapter 7.2 for addihional -
formanon.

5.3.7.3.17 To determunc meler pressure. a pauge, re-
corder. or transmutier of sunable runge and accuracy shall
be instalied near the inlet or outlet of each meter.

Manulacturer's staled

maximum fiow rate \:
|

Back pressure I
too low

cavriiation
L
— a—
——— o | l
|
Back pressure I
adeguate I
I
-

Flow rate o1 volume per unit ol bme

Note All curves are for example only

Figure 5—EHects of Cavitation on Rotor Speed
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§3.7.4 ELECTRICAL INSTALLATIONS

Turbine meters wsually include a vanety of electrical or
electronic accessories, as discussed in Chapter 5.4. The
electrical sysiems shall be designed and installed 1o meet
the manufacturer’s recommendations and the applicable
hazardous area classifications and to minimize 1he possi-
bilty of mechanical damage to the components. Since tur-
bine meters usually provide electrical signals at a relatively
low power level. care must be taken to avoid signal and
noise interference from nearby electrical equipment (see
Appendix B).

5.3.8 Meter Performance ‘

Meter pertformance is defined by how well a metering
system produces, or can be made to produce. accurate mea-
surements. '

5.3.8.1 METER FACTOR

Meter factors shall be determined by proving the meter
under conditions of rate. viscosity. temperature. density.
and pressure stmudar to those that exist duning intended op-
eration.

Meter performance curves can be developed from a set
of proving results. The curve in Figure 215 called alinearity
curve,

The following conditions may affect the meter factor:

a. Flow rate.

b Vicosity of the liquid.

¢ Temperature of the hguid.

d Densuty of the liquid.

¢ Pressure of the Howing higuid.

[. Cleanliness and lubnicating qualities of the liguid.

g Foreign material lodged in the meter or tlow-condstioning
¢lement.

h. Changes in mechanical clearances or blade geometry due
to wear or damage.

t. Chunges in piping, valves. or valve positions that attect
Nuid profile or swirl

3. Conditions of the prover (~¢e Chapter 4)

5.3.8.2 CAUSES OF VARIATIONS IN METER
FACTOR

Many tactors can change the performance of 3 turbine
meter. Some factors. such as the ¢ntrance of foreign matter
into the meter, can be remedied only by eliminaung the
cause. Other LaCtors, such as the buildup of deposits in the
meter, depend on the characteristics of the hquid being
measured, these tactors must be overcome by properly de-
signing and operating the meter system,

" The variables that have the greatest effect on the meter
factor are flow rate, viscosity, temperature, and foreign
matter (for example, paraffin in the liquid). If a meter is
proved and operated on liquids with inherently identical
properties. and operating conditions such as flow rate remain
simitar. the highest level of accuracy can be anticipated. If
there are changes in one or more of the liquid properties or
in the operating conditions between the proving and the
operating cycles, a change in meter factor may result, and
a new meter factor must be determined.

5.3.8.3 VARIATIONS IN FLOW RATE

At the low end of the range of flow rates, the meter-
factor curve may become less linear and less repeatable than
it 15 at the medium and higher rates (see Figure 2. Appli-
cations A and B). If a plot of meter factor versus tlow rate
has been devetoped for a particular liquid and uther vanables
are constant, a meter factor may be selected from the plot
for flow rates within the meter’s working range: however,
for greatest accuracy. the meter should be reproved at the
new operating flow rate.

5.3.8.4 VARIATIONS IN VISCOSITY

Turbine meters are sensitive to variations (R viscosity
Since the viscosity of liquid hydrocarbons changes with -
temperaturc. the response ol a turbine meter depends on
both viscosity and temperature. High-density liquid hydro-
carbons typically present the greatest problem. The viscosity
of light hydrocarbons such as gasohines essenually remains
the same over wide temperature changes. and the meter
factor remains relatively stable. ln heavier, more viscous
hydrocarbons such as crude oils, the change in meter factor
cdn be significant because of the viscosity changes asso-
ciated with refatively narrow temperature changes. It s ad-
visable 1o reprove the meter under conditions that closely
approximate normal vperating conditions.

5.3.8.5 VARIATIONS IN TEMPERATURE

In addiion to atfecting chunges in viscosity, significant
varwhons in the temperature of the liquid can also atkect
meter performance by causing changes in the physical di-
mensions of the meter and in the apparent volume measured
by the meter s a result of thermal expansion or contraction
of the hguid. The tables and formulas in Chapter 11 may
be used 1o caleulate the extent of iquid expansion or con-
traction. For greatest accuracy. the meter should be proved
10 the range ol normal operating condutions
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§.3.8.6 VARIATIONS IN DENSITY

A change 1n the density of the metered liquid can result
in significant differences 1n meter factor in the lower flow
ranges. thereby requining the meter 1o be proved.

For hguids with a relatve denmity of approxamately 0 7
or Iess. conuderation must be piven 1o raising the value of
the meter’s minimum flow rate 10 mantain linearity . The
amount of increase in lower flow rates will vary depending
on meter size and type To establish the minimum flow rate,
several provings should be made at different rates unul a
meter factor that vields an acceptable hineanty and repeut-
ability can be deicrmined.

5.3.8.7 VARIATIONS IN PRESSURE

Il the pressure of the ligmd when it is metered varies
from the pressure that existed duning proving. the relative
volume of the hquid will change as a resuft of 1ts com-
pressibiliny . (The phyvsical dimensions of the meter wil also
change as a result of the expansion or contracuon of ity
housing under pressure.} The potenual for ervor increascs
in proportion to the difference between the proving and
operating conditions For greatest accuracy. the meter shouid
be proved at the operating conditions {sece Chapter 4 and
Chapter {2).

Volumetnic correchions for the pressure effects on liquids
with ‘apor pressures above atmosphenc pressure are ref-
erenced o the equilibrium vapor pressure of the liquid at
the standard temperature. 60°F, 15°C, or 20°C. rather than
to atmospheric pressure, which is the typical reference for
liquids with measurement-lemperature vapor pressures be-
low atmospheric pressure. Both the volume of the hquid in
the prover and the registered melered volume are corrected
from the measurement pressure to the equivalent volumes
at the equilibrivm vapor presssure at the standard temper-
ature. 60°F, 15°C. or 20°C

This 1s a two-step calculation that invoives correcting both
measurcment voiumes to the equivalent volumes at equilib-
rfium vapor pressure at measurement temperature. The vol-
umes are then corrected to the equivalent volumes at the
equilibrium vapor pressure at the standard temperature. 60°F,
15°C. or 20°C A detailed discussion of this calculation is
included 1n Chapter 12.2.

5.3.9 Operation and Maintenance

This section covers recommended operating and main-
tenance practices for turbine meters  All operaung data per-
taining o measurement. including the meter-facior control
charts, should be accessible 1o interested parties.

£.3.9.1 CONDITIONS THAT AFFECT OPERATION

§.3.9.1.% The overall accuracy of mcasurement by turbine
meter depends on the condition of the meter and Ms acces-
suries. the temperature and pressure correclions, the proving
system. the frequency of proving, and the variations, if any,
between operating and proving conditions. A meter factor
abtained for one set of conditions will not necessarily apply
10 a changed set of conditions.

5.3.9.1.2 Turbine meters should be operated within the
specified flow range and operating conditions that produce
the desired lineanty of registration (see Figure 2). They
should be operated with the equipment recommended by
the manufacturer. and only with liquids whose properties
were considered in the devign of the installation,

5.3.9.1.3 If a bidirectional turbine meter is used to mea-
sure flow 1n both directions. meter factors shall be obtained
tor each direction of ftow. The meter factors can be deter-
mined by a prover that has< proper manifolding and the
required protective equipment and flow conditioning located .
both upstream and dow nstream of the meter.

5.3.9.1.4 Failure 10 remove foreign matter upstream of a
turbine meter and us flow-conditioning system may result
in meter damage or mismeasurement. Precautions- should
be taken to prevent the accumulation of foreign matenat,
such as vegelation. fibrous materials. hydrates, and ice. 1in
the turbine-meter run,

5.3.9.2 PRECAUTIONS FOR OPERATING NEWLY"
INSTALLED METERS

When a new meter installaton is placed in service. par-
ticularly on newly installed lines. foreign matter can be
carried to the metering mechanism during the imtial passage
of ligmd. Protection should be provided from malfunction
or damage caused by foreign matter, such as slag, debris.
welding spatter. thread cuttings. and pipe compound. Fol-

lowing are suggested means for protecting the meter from
foreign matter:

a. Temporarily replace the meter with a spool.

b. Put a bypass around the meter.

c. Remove the metering element.

d. Install a protective device upstream of the meter.

5.3.9.3 INSTRUCTIONS FOR OPERATING
METER SYSTEMS

Definite procedures both for operating metering systems
and for calcutating measured quantities should be fumished
to personnel at meter stations Following is a list of items
that these procedures should include, along with chapters
of the AP} Manual of Peiroleum Measurement Standards
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that can be used for reference and assistance in developing
these operating guidelines:

a. A standard procedure for meter proving (Chapter 4).
b. Instructions for operating standby ot spare meters.

¢. Minimum and maximum meter flow rates and other
operating conditions, such as pressure and temperaiure.

d. Instructions for applying pressure and temperatire cor-
rection factors {Chapter 12.2). ‘

¢. A procedure for recording and reporting correcied meter
volumes and other observed data.

f. A procedure for estimating the volume passed, in the
event of meter failure or muismeasurcment.

g. Instructions in the use of control methods and the action

to be taken when the meter factor exceeds the established

acceptable limits (Chapter 13).

h. Instructions regarding who should witness meter prov-
ings and repairs.

i Instructions for reporting breaks in any security seals.
J. Instructions in the use of all forms and tables necessary
to record the data that support proving reports and meter
tickets.

k. Instructions for routine maintenance.

1. Instructions for taking samples (Chapter 8).

m. Details of the general policy regarding frequency of
meter proving and reproving when changes in tlow rate or
other variables affect meter accuracy (Chapters 4 und ).
n. Procedures for operations that are not included in this
list but that may be important if’ an individual installation.

5.3.9.4 METER PROVING

5.3.9.4.1 Each turbine-meter installation should contain
a permanent prover or connections for a portable prover or
master meter. The sefection of proving methods shall be
acceptable to all parties involved (see Chapter 4).

5.3.9.4.2 The optimum (requency of proving depends on
so many operating conditions that it 1s unwise to establish
a fived time or throughput interval for all conditions. In
clean liquid service at substantiaily uniform rates and tem-
peratures, meter factors tend to vary little, necessitaling less
Irequent meter proving. More frequent proving is required
with liquids that contain abrasive materials. 1n LP gas ser-
vice where meter wear may be sigmficant, ur in any service
where Now rates undror viscosities vary substannially, Like-
wise, frequent changes 1n the type of product necessitate
more frequent provings In seasons of rapid ambient tem-
perature change, meter tactors vary accordingly. and prov-

tng should be more trequent. Studying the meter-tactor control
vhart or other historical performance duta that nclude n-
tormation on hquid temperature and ow rate will awd de-
termination of the optimum trequency of proving (xee 5.3 9 31

5.3.9.4.3 Provings should be frequent (every tender or
every day) when a meter is initially installed. After frequent
proving has shown that meter-factor values for any given
liquid are being reproduced within narrow limits, the fre-
quency of proving can be reduced if the factors are under
control and the overall repeatability of measurement is sat-
isfactory to the parties involved.

5.3.9.4.4 A meter should always be proved after main-
tenance. [f the maintenance has shifted the meter-factor
values, the period of relatively frequent proving should be
repeated to set up a new data base by which meter perfor-
mance can be monitored. When the vaiues have stabilized.
the frequency of proving can again be reduced.

5.3.9.5 METHODS OF CONTROLLING METER
FACTOR

5.3.9.5.1 Meter factors can be controlled with a suitable
statistical control method. Chapter 13.2 addresses: meter
measurcment control methods and other methods of analysis
that use historical comparison of meter-factor data to' moni-
tor meter performance.

5.3.9.5.2 Meter-factor contro! charts are plots of succes-’
sive meter-factor values along the abscissa at the appropriate
ordinate vatue, with parallel abscissae represcnnngX * lo.
X = 20, and X = 3o. in which X is the arithmetic mean
or average meter-factor value and o is the standard deviation
or other tolerance level criterion (for example, =0.0025 or
+0.0050). A control chart can be maintained for each tur-
bine meter in each product or grade of crude at a specified
rate or range of rates for which the meter is to be used.

5.3.9.5.3 Meter-factor control methods can be used to
provide a waming of measurement trouble and to show when
and to what extent results may have deviated from accepted
norms. The methods can be used to detect troubte, but they
will not define the nature of the trouble. When trouble is
encountered or suspected, the {ollowing components of the
measurement system should be systematicaliy checked (not
necessarily in the following order):

a., The liquid and its physica! propenies.

b. The moving parts and beaning surfaces of the turbine
meter.

¢. Isvlation and diversion valves.

d. Detector switches in the prover and Jppunenanccs of the
tank prover.

¢. The displacer in the prover.

f. Other parts of the mcter and meter run.

g. Pressure-, temperature-, and density-sensing devices.
h. Pulse counters, preamplifiers, signal transmassion sys-
tem, power supply. pickup coils, and all readout devices.
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i. Straners, filters. air ehiminators. water removal equip-
ment, and flow conditioners.,

3 The operating conditions of the meter sysiem and the
prover. when they differ from design conditions,

5.39.6 METER MAINTENANCE

5.3.9.6.1 For maintenance purposes. a distinction should
be made between pans of the system that can be checked
by operating personnel (pans such as pressure gauges and
mercury thermometers) and more complex components that
mav require the services of techmical personnel. Turbine
meters and associated equipment can normatly be expected
to perform well for long periods Indiscniminate adjustment
of the more complex parts and disassembly of equipment
are neither necessary nor recommended The manufacturer’s
standard maintenance instructions should be followed.

5.3.9.6.2 Mecten stored for a long penod shall be keps
under cover and shall have protection 10 minimize corrosion.

5.3.9.6.3 Establishing a defimite schedule for meter man-
tenance is dilficult, in terms of both time and throughput.
because of the many different sizes. services. and liquids
measured. Scheduling repair or inspection of a turbine meter
tan bev be accomplished by-monitoring the meter-factor
histony for each proeduct or grade of crude oil (vee Chapter
13). Small random changes in meter factor will nawrally
occur in normal operation, but if the value of these changes
exceeds the established deviation limits, the cause of 1he
change should be nvesugated. and any necessary mainte-
hance should be pravided Using deviation limits 1o deter-
mine acceptable normal variation strikes a balance beiween
locking for trouble that does not exist and not locking for
trouble that does evist.
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APPENDIX A—FLOW-CONDITIONING TECHNOLOGY WITHOUT STRAIGHTENING
ELEMENTS

A.1 Scope’

CLftective Nlow condittoming can be obtained by using
adequate tengihs of strasght pipe upstream and downstream

ol the meter Appendix A presents an empirical method for
computing the length of upstream stratght pipe required for
varous installation configuratnions and operating conditions.
Experience has shown that a nominat length of 20 di-
ameters of meter-bore piping upstream of the meter and §
diamcters of meter-bore piping downstream of the meter
provide eflective conditioning in many installations. how-
ever. the required feagth of opstream piping should be veni-
ticd for each invtablation using the method presented in this
appendin: Thiv techmgue does not predict the length of
sraght pipe required downstream of the meter A mimimum
ol § diameters of meter-bore piptng should be provided
downstream of the meter unless a diflerent length 1< sup-
ported by the manutacturer’™s recommendations or tests

A.2 Calculation of Upstream Flow-
Conditioning Length

Based on empincal data. the length of straight pipe re-
quired upstream of the meter can be calculated as foilows

L = (0.35D) (KD

Wihere
L = length of upstream metetr-bore piping. 1n feet
D = nominal meter bore. in feet,
K. = swirf-velocity ratio, dimensionless.
f = Darcy-Weishach fnction facior. dimensionless.

Kete Duting the 1984 K6 review and updae of Chaprer 5.3, First Edition,
1t w ax discovered that the incvon factor £, 1n Equation A-1 was incorrectly
identified a< the Fanning pipe fnction factor. The working group deter-
runed that the factor 1s actually the Darcy-Weisbach fnicion facior, the
proup lncated the origanzl documentation, implemented the correction, and
placed 1t on file at AP} Values of the swirl-velocury ratio, K, for several
piping configuratons are shown in Figures A-l through A-5 The data
were dernved from Chapter 14 3

A.3 Sample Calculation

A3.1 PROBLEM

Determine the length of siraight pipe run upstream of a
6-1inch turbine meter for each of the configuranons shown
tn Figures A-1 through A5 under the following conditions:

Q = 2000 gallons per minute
o Viscosity () = 1 9 centistokes
! D = 612 = {5 fee

\

13

261.6Q

Y I
(263.6)(2000)
T SHiEY)
A5 5510%)

- x f=00175

i

Revnolds number (R,)

fl-

Sote The valus tor £as doe B, = ¢S SS101U0Y gnd a relative roughness of
00064 Jor acw seel prpy The valee s taken trom L F Moody . Friction
Factors 1r Pape Flow O Tramadiens of the Aerican Socren of My
chamica! Forermcery Sanvember 1943 Mol 66 n 671

A.3.2 SOLUTION
From Equattion A-1.

L= 025K N
Ly = 038K
= (L3SK /00175
= 20K,

Table A-1 lists values for L and L/D 1n Figures A-1l
through A-S based on L/D = 20K, Since values of K, are
treated as relative coefficients 1n A 5, the empincal coef-
ficient X is assigned a value of 1 00 10 agree with the basic
recommendation of 20 diameters of straight pipe for the
average installation.

A.4 Conclusions

The LD rano 15 inversely proportional to the pipe-friction
factor and directly proportional to the swirl-velocity ratio

Since l/f 13 minimuem for condinons of maximum pipe
roughness for any given Revnolds number in the region of
turbulent flow, the best straightening for a minimum length
of straight pipe occurs with a pipe of maximum roughness.

Equation A-1 is the result of grouping many relatively
undefinable conditions in the low stream and should there-
fore not be considered a rigorous presemation. However,
the simplicuy of the equation and its ability to provide
answers commensurate with experience suggest that it can

Table A-1—Values for L and L/D for Figures A-t

Through A-5

Figure 4 L tD
No K. tinches) feen) Ratin
A 078 o} 75 1%
A2 100 120 100 m
AR 1258 150 t25 o8
A-q 2o 240 00 n
AS 2.50 3 250 Nl
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be used reliably The real value of Equation A -1 stems from
the detiminon of the fundamental relavonship of the swarl-
conduioming charactertstics within a length of straght pipe.

A.5 Laminar Flow (Special Case)

Since 1 is a function of Reynolds number. R,,. Equation
A-2 can be written as foilows: . :

LiD = (K  HRK)
VD
= (K“m'g_‘(x\)
I
Where-
Kiuw = an empirical factor
V- = velocity of the Aud.
p = density of the fluid
p = absolute viscosity of the fluid

Theretore, in the special case of laminar flow, LD is
directly proportional to the velocity, pipe diameter, and
mass density of the liqguid and inversely proponional to
dynamic viscosity.

Note. The matenal presented in this appendix 1s based on Factors Influ-
encing L D Ruto for Sirarehr Pipe Flow Straichieners Associaied wirh
Turbine Flmimerers by M. H. November. Engineenng Report No 65,
Patter Aeronauncal Corperation, |Lmon. New Jersey]. lanuan 4. 1967,
Revision A 10 the report as dated February 16, 1967, and Revision B 15
dated February 26. 1967 According to the copies of the comespondence
with Mr, November that are now on file with the APl Measurement Co-
ordination Department. many individuals, as well as acommuttee. reviewed
this method. The matenial was published in APl Standard 2534 inow out
ol panti and subsequently in Chapter 5 3 of the Manual of Peirolenm
Measurement Stundurds.

During the 1984-86 review and update of this section ot the Manual of
Peiroleum Measurement Siandardy. 1t was discovered that the frnction
tactor f, in Equatton A-1 was incorrectly 1déntified in the previous editton

45 the Fanming pipe friction factor This factor 1s acwally the Darcy-
Wenshach fricion tactor

Melar run

C\
L
"

—-31:1#01

Figure A-1—Piping Contiguration in Which a Concentnic Reducer Precedes the
Meter Run (K, = 0.75)

F 3

Meter run

4
~

g o

==

Figure A-2-~Piping Configuration in Which a Sweeping E!bow Precedes the

Meter Run (K, =

1.0)
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Mete- run

Figure A-3—Piping Configuration in Which Two Sweeping Elbows Precede the Meter Run (K, = 1.25)

Meles rp-

3’
3 & — ICf:ZI

Figure A-4—Piping Conhiguration in Which Two Sweeping Elbows at Right Angles Precede the Meter. Run

B
C

(Ks = 2.0) .
Meter rur
L
- ™ :D
- I — 7]
)
Note When a fully open valve precedes the meter run, K, = 1.0, When a pan:ally open valve precedes the

meterrun, K, = 25

Figure A-5—Piping Configuration in Which a Valve Precedes the Meter Run
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APPENDIX B—SIGNAL GENERATION

B.1

Appendix B supplements and clarifies the information on
electrical mstallation requirements.,

Introduction

B.2 Generation of Electrical Signals

The principal ty pes of devices that produce electrical sig-
nals and are used with turbine meters are descnbed in B 2.1
through B.2.4.

B.2.1 INDUCTANCE SYSTEM :

In an inductance svstem. the rotating element of the tur-
bine meter emplove permanent magnets that may be embed-
ded in the hub or the blade tips or attached to the rotor shaft
or to a nng driven by the rotor Regardiess of the design.
magnetic flux from a moving magnet induces a voltage n
a pickup corl that 1s focaied near the magnetic field

B.2.2 VARIABLE RELUCTANCE SYSTEM

In a vanable-reluctance system, a fixed permanent mag-
nct 15 centered nvide the pickup coil housing so that a
vaniahion in magnetic flux results from the passage of a
highly permeable. magnetic rotor material near the pickup
col

B.2.3 PHOTOELECTRIC SYSTEM

In a photoclectric system, a beam of light is interrupled
by the blades of the rotor or by elements of 2 member that
1s dniven by the rotor so that a pulsed signal output s de-
veloped.

17

B.24 MAGNETIC REED-SWITCH SYSTEM

In a magnetic reed-switch system. the contacts of a reed
swilch are opened and closed by ‘magnets embedded 1n the
rotor or 10 a rotating part of the turbine meter. The switch
action nigrrupts a constant input so that a pulsed signal
output i produced.

B.3 Summary

Of the four systems described. only the inductance and
variable-reluctance systems are true generators. since both
output frequency and veltage magnitude are propertional to
rolor speed The photoelecine and magnetic reed-switch
systems both require the application of an external constant
voliage that is interrupted by the sensing devices so that a
nearly pure. square-wave output results The {requency of
the output signal 1» directly proporiional to rotor speed, the
voltage magnitude varics only between zero and the input
voltage and is not reluted 1o rotor speed.

The inductance and variable reluctance systems are low-
power-level devices because they gencrate only a few mil-
iwatts of electrical power. This output may be locally am-
plified. and in some instances shaped. at the turbine meter
The amplifier output may then be considered 2 high-level
output The photoelectric and reed-switch systems are gen-
erally high-level devices. because the output ievel is con-
trolled by the input voltage that they require. Ideally. devices
that have a high power level are less susceptible to noise
problems because of the increased .signal-to-noise rauo:
however. each system has definite frequency himitanions that
must be considered when one system is weighed against the
other
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'FOREWORD e e

This five-part publication consolidates and presents standard calculations for metering
petroleum liquids using turbine or displacement meters. Units of measure in this publication
are in International System (SI) and United States Customary (USC) vmits consisient with
North American industry practices.

This standard has been developed through the cooperative efforts of many individuals
from industry under the sponsorship of the American Petroleum Institute and the Gas
Processors Association. h

API Chapter 5 of the Manual of Petroleum Measurement Standards coutains the
following sections:

Section 1, “General Considerations for Measurement by Meters” -

Section 2, “Measurement of Liquid Hydrocarbons by Displacement Meters™

Section 3, “Measurement of Liquid Hydrocarbons by Turbine Meters™

Section 4, “Accessory Equipment for Liqaid Meters”

Section 3, “Fidelity and Security of Flow Measurement Pulsed-Data Transmission
Systems™

AP] publications may be used by anyone desiring to do s0. Every effort has been made
by the Institte to assure accuracy and reliability of the data contained herein; however, the
Institute makes no representation, warranty, of guarantee in connection with this publication
and hereby disclaims any Hability 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 to this publication are mvited and should be submitted to Measure-
ment Coordination, Exploration and Production Depanment, American Petroleum Institute,

1220 L Street, N.W., Waskington, D. C. 20005.
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SECTION 4—ACCESSORY EQUIPMENT FOR LIQUID METERS

5.4.1 Intrcduction

API Chapter 5.4 of the Manual of Petroleum Measure-
ment Standards is intended to be a guide for the selection
and application of accessory equipment that is used with
liquid hydrocarbon meters (o obtain accyrate measarements
and optimum service life. Selecting the kinds of accessory
equipment that are described in this chapter depends oo the
function, design, purpose, and manner in which a specific
measurement installation is to be used.

This publication does not endorse or advocate the prefer-
ential use of any specific type of equipment or metering
system, nar does it intend to restrict the development of any
particular meter, inStrument, Or aCCESSOTY equipment.

5.4.2 Scope

This section of APT MPMS Chapter 5 describes the char-
acteristics of accessory equipment generally used with
displacement and wrbine meters in liquid hydrocarbon
service. Having a knowledge of tbese characteristics helps
the designers and operators of mrbine and displacement
meter mstallations to provide satisfactory volume measure-
ment results. Certain minimuem requirements for devices that
monitor temperatnre, density, and pressure are discussed in
this chapter. System hardware, such as valves, vents, and
manifolding, is not discussed in this chapter.

5.4.3 Field of Application
The field of application of this section is all segments of

the petroleum indnstry that require dynamic measurement of
liquid hydrocarbons by displacement or turbine meters.

5.4.4 Definitions
Terms used in this publication are defined in 5.4.4.1
through 5.4.4.3.

5.4.4.1 Accessory equipment is any device that enhances
the utility of a measurement system, including readouts, regis-
‘ters, monitors, and liquid- or flow-conditioning equipment.
5.4.4.2 A readout is 8 device that displays numbers or
symbols and incorporates electric or electronic measures.
5.4.4.3 A register is a mechanical device that displays
numbers.

5.4.5 Referenced Publications

The current editions of the following smndards are cited in
this chapter:

MPMSx5.4 A5 I 0732290 0544862 334 HR

PR ST, .- .

APl
Manual of Pesroleum Measurement Standards

Chapter 4.3, “Small Volume Provers”
Chapter 4.6, “Pulse Interpolation™
Chapter 5.2, “Measurement of Liquid Hydrocarbons by
Displacement Meters” -
Chapter 5.3, “Measurement of L:qmd Hydmmrbcns by
Turbine Meters™
Chapter 7.2, “Dynamic Temperature Determination”™
Chapier 9, *“Density Determination”™
Chapter 12.2, “Calculation of Lignid Petroleumn Quan-
tities Using Dynamic Measurement Methods and Volu-
metric Correction Factors™

5.4.6 Selecting Accessory Equipment
for Meters

Accessory devices should be selected so that rouble will
not arise from the following: a

a. Envirooment Temperatre and humidity extremes should
be evaluated, and the installation shoald be protected accord-
ingly. Electrical safety factors (including the hazardous area
classification), electromagnetic and radio frequency interfer-
ence, weatherproofing, fungusproofing, and corrosion should
be considered. ‘

b. Maintenance. Easy access should be provided for mainte-
nance, and spare parts that have been recommended by the
manufacturer should be obtained.

c. Compatibility. The readout device or register must be
compatible with the meter and its transmission system,

d. Inswallation, All equipment must be installed and operated
acoording to the manufactorer’s recommendations and must
conform to all applicable regulations and codes.

5.4.7 Shaft-Driven (Mechanical)
Accessories

A varicty of shaft-driven accessories are applied to
displacement meters and sometimes to turbine meters. A
mechanical linkage, usually a gear train, transmits force and
motion from the rotating measurement element to the exte-
rior of the meter, where the accessories are attached. Care
should be exercised in selecting the number and type of
accessories 50 that excessive torque, which can overload the
meter, is avoided. This section discusses some of the acces-
sory devices that are now being used.

54.71 ADJUSTER (CALIBRATOR)
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A mechanical meter adjuster, or calibrator, changes the
drive-system gear ratio between the volume-sensing porson
of the meter and the primary register. The calibrator adjusts

the register so that it is direct reading (that is, it provides a

wmity meter factor). For example, if precisely 100.0 units of
volume are delivered by a meter, the register should be
adjusted 1o indicate 100.0 vnits. Adjusters may be gear
changing, friction driven, or ¢clatch driven; depending on the
design, the adjustment range may cover from 1 10 10 percent
of throughput.

Different types of adjusters are capable of handling
differeat torque loads. Friction-driven and clutch-driven
adjusters show decreased sensitivity and repeatability when
wrque is increased. Increased torgque reduces life in all types
of adjusters. If adjustment to a unity meter factor is not
required, the adjusting device should be omitted from the
meter, and a direct drive shaft to the register should be
installed.

5.472 REGISTER

A shaft-driven primary register is attached directly to the
meter. The primary register displays the selected standard
vnits of measurement, such as gallons, barrels, or cubic
metres; the register also displays fractions of these units, if
required. A primary register may be a totzlizer only ora
totalizer with a scparate nonresettable register. A primary
register is usually secured and sealed to the meter to prevent
tampering (see 5.4.13). -

5.4.7.3 PRINTER

A shaft-driven primary printer may accampany a primary
register. The primary printer recards ob a measgrement ticket
the amount of kquid that is delivered. The ticket is printed in
standard units of measurement, such as gallons, barrels, or
cubic meters, and in fractions of these umits, if required.

Impact or pressure-roller printers are capabie of printing
one or more paper copies. The mumber of copies is limited
by the type of paper and the clarity that is required. Mechan-
ical printers usually show the lowest digit to the nearest
whole number. Ticket forms are inserted, printed, and
removed manually.

54.7.4 TEMPERATURE COMPENSATOR

A temperature compensator is a varisble-ratio mechanism
located in the meter’s drive train. It has a temperature sensor
that works with the variabie-ratio mechanism o comect the
flowing volyme to standard reference temperature, 60°F,
15°C, or 20°C. The temperature compensator must be set for
the appropriate thermal coefficient of expansicm of the liquid
bydrocarbon that is measured.

The tocation of the temperature compensator in relation @
primary or other accessory readout devices depends on
which of the devices are to be compensated and which are to

remain uncempensated.
54.7.5 PULSE GENERATOR

A pulse generator provides pulses in a quantity that is
directly proportional o meter throughput. Pulsing devices
can have various types of output signal, including switch
closures, square-wave signals, and sine-wave signals. The
devices can also have various frequency outputs. Low
frequency is usually required for registration; high frequency
is required for meter proving.

54.76 REMOTE TRANSMISSION

A remote-transmission device is used to transmit a
measurement signal to a remote device, such as a driving
device, that in turn can operate most meter shaft-driven
accessornies.

54.1.7 PRESET DEVICE

A preset device can be preset for any quantity of meter
throughput. At the preselected quantity, the device will stop
the flow of liquid or will perform desired functions automat-
ically. It may or may not be an indicating device.

54.7.8 GEAR-CHANGE ADAPTER

A gear-change adapter changes the output shaft speed by
a fixed ratio and is sometimes ased to achieve a given output
for accessory devices.

54.7.9 RIGID EXTENSION

A rigid extension is a convenience device used to elevate *

meter accessories some distance above the meter itself. The
device is also used to isolate meter accessories from adverse
environmental conditions at the meter.

5.4.7.10 ANALOG GENERATOR

An analog generator allows a meter to generate a DC
voltage that is proportional to meter speed. The generator’s
voltage signal can be used to remotely indicate or control
flow rate or related tasks.

5.4.7.11 RATE-OF-FLOW INDICATOR

A rate-of-flow indicator is a mechanical device that is
mounted on a meter and indicates the meter’s flow rate by
driving a tachometer-type indicator.

54.7.12 SWIVEL ADAPTER

A swivel adapter is a convenience device that allows
accessories mounied above the swivel 10 rotate without
changing indication or registration,
54.7.13 ANGLE ADAPTER

An angle adapter is a convenience device that allows a
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counter/printer 10 be mounted at an angle for better accessi-
bility and visibility.

§.4.7.14 DUAL ADAPTER

A dual adapter is used 10 mount two sets of shaft-driven
accessories on a single meter. The device is often used with

atemperahire compensator on one side so that both compen-
sated and uncompensated meter readings are available,

54715 RIGHT-ANGLE TAKEOFF

A right-angle takeoff is a device in the meter’s drive train
that is used to provide 2 rotating external cutput shaft for
operating mechanical accessories that are moumted exter-
nally to the meter.

5.4.7.16 SHIFTER ADAPTER

A shifter adapter is used for mounting two sets of shaft-
driven accessaries on a single meter so that only one set of
shaft-driven accessories can be driven at a time. The device
is generally used in conjunction with temder change in
pipeline operation, where the total volume of a tender must
be retained while registration is in process oo the alternare
printer or register. The means of shifting, which may be
manual or mechanical, transfers the meter drive train from
one set of accessories to the other. The adapter can be
equipped with an opiional indicator to show its position.

54717 COMBINATOR

A combinator is used to combine the output of two or
more meters into a single output that can then be used to
drive desired acoessories.

54.7.18 KEY-LOCK COUNTER

A key-lock counter is usually used in conjunction with the
unatiended operation of a bulk-plant metering system. The
equipment provides a totalizer for any person who has autho-
rized access to the system  Access is gained throogh keys
and locks that connect the totalizer 1o the meter drive train,
which actnates the system

54.7.19 DIFFERENTIAL DRIVE

A differential drive is used to detect the difference in
cutpul between two meters in batching or blending systems.
The device is generally mounted on one meter and equipped
with a drive connection from another meter.

54.7.20 COMPUTING COUNTER/PRINTER

A computing counter/printer is generally used on tank
trucks that make home deliveries so that total price can be
provided whea a delivery is completed. The device is a shafi-
driven computing mechanism that can be manually set to
enter price per unit volume and applicable taxes. At the
conclusion of the delivery, the extended price is available

immediately. The device may also be equipped with a ticket
printer for preparing invoices. (See 5.4.8.12 for information
abont electrically driven computing counters/priniess.)

54.8 Pulse-Driven (Electronic)
Accessories

A variety of pulse~driven accessories can be used with
both displacement and tirbine meters. The pulses generated
by high-resolution pulsers for dispiacement meters and the
inherent pulses generated by most mrbine meters represent
discrete units of volume and can be used to provide input
signals (0 the equipment discussed in 5.4.8.1 through
54812

54.81 ELECTRONIC ADJUSTER (CALIBRATOR
OR SCALER)

An electronic adjuster, also called a factoring counter,
manipulates the pulse signal to achieve a unit meter factor
for direct reading of volume. The device is penerally capable
of being calibrated to one part in 10,000.

5482 READOUT

An electrically driven primary readout indicates volumes
in the desired standard units of measurement, such- as
gallons, batrels, or cubic meters; it also indicates fractions of *
these umits, if required. The accuracy of the readout depends
an system resolution, which is proportional to the number of
pulses per unit volume.

Electromechanical registers are limited in speed. Their
adequacy should therefore be considered before a decision is
made about installation. Flectronic readouts are not limited
in speed, but they depend on electrical power for proper
performance. During a power failure, standby power is
peeded to verify and retain meter registration if a mechanical
means s not available. .

54.8.3 PRINTER

Several types of electrical printers are available. The two
common ones include electromechanical mechanisms in the
final stages. The first type is designed so that each adjacent
digit advances the next digit into position as it would in a
mechanical totalizer. This type of printer is simple, inexpen-
sive, and widely gsed, but it has limited speed and longevity.

The sccond type of printer includes individual digit
modules that remain in'a rest position until they are called on
1o print the throughput volume that is stored in & memory.
This type of printer has high resolution, high speed, and .
exceptional longevity.

5484 FLOW COMPUTER

Many types of elecwonic flow compaters are available that
accepl meter cutput signals, and other sensor signals, 10
calculate volume or mass flow quantities as required, Flow
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computers display, transmit, and priot data that can be used
for operational or custody transfer purposes. A flow
computer can be designed for a single meter run or a bank of
meters.

In addition to meter signals, some flow computers accept
signals from pressure, temperature, and density devices that
allow the calculation of gross and net flow rates and totals.
The fiow computer should have provisions to acamately cali-
brate input or cutput signals. Secority measures should be
provided to prevent unauthorized access and alteration of the
flow computer memory or user configuration. Security may
be hardware, such as key locks or switches, or soffware pass-
words. Also, the flow computer should have means of
internal processor and circuit error checking to easore the
integrity of calcuiated results.

548.5 PRESET TOTALIZER

A preset totalizer is a totalizing coonter that actuates a
contact closare when the measured volume equals a value
that was preselected on a manually adjustable counter.

5486 PROVING COUNTER

A proving counter is a high-resolution digital-palse total-
izer that provides a display of the high-frequency pulsed
output from the meter. Pulse totalizers are started and
stopped with an on/off gating circuit that is operated from
the prover’s mounted detector or detectors, which identify
the passing of a calibrated vohume of fluid. The totlizer may
be an electromechanical counter or an electronic counter. If
the counter is attachexd t0 a small volume prover, as described
in API MPMS Chapter 4.3, the device will constitute a
sophisticated electronic system that has the capability to
quantify fractions of a pulse cycle, using the pulse interpola-
tion techniques discussed in AP] MPMS Chapter 4.6.

54.87 FLOW-RATE INDICATOR

A flow-rate indicator convenis an input signal to a visual
display of flow rate in the desired units. The device is used
for general operational information and to maonitor syslem
flow rate during meter proving.

5.4.8.8 FREQUENCY CONVERTER

A frequency converter converts an inpuot frequency, or a
pulse rain, to a proportional analog signal for retransmission
10 other devices, such as recorders or controllers, that require
anzlog inpot signals.

5489 STEPPERDRIVE

A stepper drive converts a frequency input to an accept-
able form for driving a stepper motor. The stepper motor
then rotates at a speed that is proportional to the input
frequency. The device can be used to drive various mechan-
ical devices that require a rotary input (for example, coun-
tzrs, ticket printers, and compensators).

£DYTight by the American Petrolos nstimts
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54810 TEMPERATURE COMPENSATOR

A tcmperature compensator combines an input signal
from a volume meter and an input from a temperatire sensor
to provide a corrected outpat to standard reference Lempera-
ture, 60°F, 15°C, or 20°C.

5.4.8.11 COMBINATOR

A combinator accepts two or more simultaneous input
frequencies and displays their sum total.

54.8.12 COMPUTING COUNTER/PRINTER

A computing counter/printer is generally used on tank
trucks that make home deliveries so that the total price can
be computed and printed as soon as thc delivery is
campleted. This electrically driven device is also equipped to
manually enter price per unit velume and applicable 1axes,
thereby allowing the extended price to be available immedi-
ately when the transaction is completed. The device is avail-
gble with a ticket-printing function for preparing invoices.

5.4.9 Interface Connections to Pulse-
Driven Accessories .
Interface connections, as described in this chapter, are the ">
connections between the meter's volume-sensing device
(usually clectromechanical) and its driven equipment.

5491 SHIELDED CABLE

The signal from a volumetric meter in a measurement
system is in the form of a pulse train. The accuracy of the ™~
measurement system depends on the security with which the ¢
pulse signals are transmitted and received. -

Noise is a spurious signal that may be picked up either
electrically or magnetically by the transmission lines or
equipment. It can be picked up electrically through capaci-
tance coupling to other conductors; it can be picked up
magnetically through induction. The amount of naise and the
cost of removing it depend on the type of equipment, the
length of the transmission line, and the proximity of the
source. Acceptable pulse transmission can usually be main-
tained between volumetric meters that are coupled within
1000 feet of each other and electronic equipment that has
shielded twisted-pair conductors if a signal of ample sgength
(2100 millivolts peak to peak) is transmitted. Shielding shall
be grounded at the receiving end only (o prevent ground-loop
cffects. The cables should be routed so that proximity to
sources of electrical interference is avoided.

5492 PREAMPLIFIER

A preamplifier may be used to shape the pulse of the
meter output so that the performance of downstream aoces-
sories will be enbanced. If a long transmission line is
required, a preamplifier should be considered. The preampli-
fier should always be located at the meter, the source of the
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signal, 50 that the original low-leve!l signal will be amplified
and increased 10 a satisfactory level. The shield conducior
shall be grounded at the receiving end only to prevent

ground-loop effects.

54.10 Installing Pulse-Driven

Accessories

5.4.10.1 A system that transmits data consists of at least
three components: a meter (pulse producer), a transmission
line (pulse carrier), and a readout device (pulse counter and
display). These three componemts must be compatible, and
each component must meet the specifications recommended
by the manufacturers of the meter and accessory equipment.

5.4.10.2 Electrical noise is a troublesome element in
systems that have low-level signal ourputs, Even in high-
level output systems, noise and spurious electrical signals
must be eliminated. Noise signals are superimposed on
meter sigmals by electromagnetic induction, electrostatic or
capacitive coupling, or electrical conduction.

5.4.10.3 Great care should be exercised in effectively
isolating the meter system from externaj electrical infly-
ences, To minimize unwanted noise, earth grounding shall be
separate from other grounding networks. Shiclding the trans-
mission cables of meter and prover detectors is essential.
5.4.10.4 Every meter system must meet two requirements
to operate properly. First, the readout device shall be sensi-
tive enough to respond to every pulse produced by the meter
throughout its operating range. Second, the signal-10-noisc
ratio shall be high enough to prevent spurious electrical
signals from influencing the readout device.

5.4.105 A meter’s output signal may be viewed as a train
of electrical pulses in which each pulse represents a discrete
volume of liquid passing through the meter. One approach o
producing electrical pulses is to use magnetic induction to
directly translate the rotational motion of the meter into elec-
trical energy. Another approach is to supply external elec-
trical power to a proximity ar photosensing device.

With the first approach, both pulse frequency and ampli-
tude are generally proportional to flow rate. With the second
approach, only pulse frequency is proportional to flow rate
since the amplitude of the output voltage is nearly constant.
5.4.10.6 Most electronic readout devices condition a wave
form to count each pulse or to measure the frequency of meter
cutput so that flow rate can be indicated. Since signals may
have a relatively low power kevel, installation conditions shall
be suitable for low power level signals. The recommendations
described in this chapter do not apply to all meters; they are
related only to systems that have low power level signals.
5.4.10.7 The following pulse characteristics influence
proper operation of the meter system:

a. Amplitnde. Any readout device that is connected to 2

WMWUIMNMIIUM
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pulse producer. or meter, shall be sensitive enough to operate
wheutbepulseamphmdamgenumdovcrthemmdﬂow
1ange. T

b. Frequency. 'Iherwdoutdmceshallbcablcmoopemth
the mazimom ontput frequency of the pulse producer, or
meter, when it reaches its highest expected How rate,

c. Width. After shaping, the duration of every pulse gener-
ated by the pulse prodncer, or meter, shall be long enough w©
be detected and counted by the readout device.

d. Shape. A sine-wave output shall not be used, without
preamplification and shaping, to operate a readout device
that requires a square-wave input.

5.4.10.8 Inan elecrical transmission installation, great
care should be exexcised 10 maintain the signal amplitude at
the highest level possible and to reduce the magnitude of
noise. The following steps should be taken 0 maintain the
optimum signal level:

a Minimize the length of the transmission line from the
meter to the readout device,

b. Ensure the correct impedence.

c. Use the most technically compatible signal transmission
cable that is available, as recommended by the equipment
mamifacturer.

d. If dictated by the ransmission distance or the manufac-
turer's requirements, introduce a signal preamplifier into the -
turbine meter’s transmission system.

¢. Ensure that voltages supplied to preamplifiers and..
constant-amplitnde pulso—gcnctatmg systeans are of proper
magnitude and do not exceed the maximum noise level or .
ripple requirements specified by the equipment manufac-
turer.

f. Ensure that all pickup coils are securely mounted and
properly located.

g. Periodically inspect and clean all terminals and connec-
tor's.

bh. Replace components that give a weakened signal as a
result of deterioration.

5.4.11 Protection/Control Equipment

Conditioners

Protection/control equipment is used with displacement
and wrbine meters to ensure the moest accurate and reliable
performance. This inchuodes, but is not limited to, flow
control, pressure control, and removal of unwanted foreign
material, such as dirt, water, or gas.

54.11.1 STRAINERS—FILTERS

Foreign material, such as rust, scale, welding beads, slag,
sand, and gravel, may aamage a meter sysiem Or may
adversely affect its performance. A strainer is usually
installed upstream of the meter as a protective device. It
inclndes a basket or barrier (usually made of metal cloth or
screen) that swops and collects foreign material before it
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enters the meter. The mesh size varies according (o the needs
of the meter system; meter manufactarers can provide
criteria for selecting mesh size.

A schedule should be followed for cleaning screens. The
purpose of the strajner is defeated if the screen becomes
loaded 10 the point of rupturing. A differential pressure
'gauge or upstream and downsiream pressure ganges may be
used. to indicate the differential pressure across the strainer;
the differential pressure will be in proportion to the amount
of foreign material that has accumutated. Based on this infor-
maticn, major problems cansed by foreign materials can be
avoidexd.

If the flow cannot be stopped for strainer maintenance,
dual strainers may be used. Strainers are also available that
are cleaned through periodic back washing to a sump or

other disposal facility.

54.112 AIR OR VAPOR ELIMINATORS

Air or vapor in a flowing stream will be measored as
liquid and will result in an error in the indicated volume.
Large volumes of air, such as those that may exist in an
empty piping system, can result in overspeeding and damage
10 2 meter.

Lines to and from tanks are normally kept full of liquid;
however, if the same line is used to pump liquid into and out
of a tank, air may enter afier a delivery is completed. Like-
wise, operating at unusually ow tank levels may allow air or
vapor to be drawn into the systen. Under these conditions,
air eliminaton equipment is required; additional shutdowns
and alarms may also be required.

High vapor pressure liquids, such as liguefied peroleum
gas, are handled under pressure conditions that are intended
o maintain the product in the liquid phase. If adequate pres-
sure is not maintained, the liguids may flash or vaporize. In
such cases, a vapor separator or condensing tank must be
installed in the system if the problem cannot be corrected by
another means.

Air eliminators are normally not required on pipeline
installations where flow does not originate from nearby
tanks; however, a means of manual venting should be
provided at strategic locations so that air or vapor can be
released during starp and after maistenance,

Selecting the size and type of air separator for an installa-
tion requires that carefnl consideration be given to piping
and other equipment and to the operating details of the
system. These details should include the quantity of air, the
type of liquid being handled (with particular reference W its
viscosity and foaming characteristics), the size and length of
piping, the type and location of the pumps, and the rate of
fiow. The piping downstream of the separator/eliminator
must remain filled with liquid to prevent air or vapor from
being measured along with the liquid.

54.11.3 CONTROL OF FLOW

Most installations inclade 2 manually or power-operated
valve for starting, contrelling, and stopping the flow of
liquid. In general, power-operated valves should open and
close slowly to prevent flow and pressure surges.

To aveid overspeeding a meter, it may be necessary 1o
include a control that will limit the maximum rate of flow to
the rated maximum of the meter. In multimeter installations,
a contro) valve is normally used downstream of each meter
10 balance flow when one or more meters are taken off line
or when proving takes place. If it is necessary to prevent the
flow of lignid from reversing direction, a valve that allows
flow in only one direction should be used.

A minimuom back pressure must be maintained to prevent
Liquid from vaporizing or flashing (see APT MPMS Chapters
5.2 and 5.3). This may require the nse of a back-pressure
controller and a control valve that can maintain the required
back pressure under any line pressure.

If a meter is equipped with a counter that can be preset for
delivering a particular volume, the on/off valve is usually
controlled by the counter so that the flow can be stopped at™
the proper ume. The preset counter may be linked to thef
valve by mechanical, electrical, or other means.

Pressure-reducing valves are commonly employed in
pipelines to reduce pressare to a level that is suitable to meter
or station manifolding. Care must be exercised to ensure that

pressnre is not reduced enough for vaporization to occur. It .
is not good practice to throttle immediately npstream of a +'-

flow meter since this may create flow disturbances and cause =
measurement error. N

54.12 Monitors

Some conditions and properties of liquid hydrocarbons
have a greater effect on measurement accuracy than do
others; monitors may therefore be desirable to assess the
temperature, pressare, density, and viscosity of the flowing
liquid. For example, a 1°C change in gasoline temperanire
can produce a volume change of (.12 percemt (a 1°F change
can produce a volume change of 0.07 percent), and a change
in pressure of 7 kilopascals (1 pound per square inch) in the
same product affects volume by only (.0008 percest. In this
case, the equivalency relationship between pressure and
temperature is 960 kilopascals to 1°C (80 pounds per square
inch o 1°F).

When the temperature of a2 metered stream is determined
for correcting the thermal effects on the stream or meter,
obtaining the stream temperature inside the meter body is
most desirable. Some meters provide for a temperature-
measuring device installed in the meter body; however, this
is impractical with many meters because of the way they are
constructed o the type of temperature-measuring device that
is selected.

If it is fmpractical to mount the temperature-measuring

J—-
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device in the meter, the device should be installed either
immediately downstream or immediately upstream of the
meter. In liguid arbine meters, the temperature-measuring
device should be located immediately downstream of the
downstream flow-conditioning tube. Where several meters
are manifolded in parallel, one emperatire sensor located in
the total liquid stream is acceptabie if the temperatures at
each meter and at the temperatore-sensor 1ocation are in
accordance with Table 1 in API MPMS Chapter 7.2,

54121 THERMOMETERS

The accuracy and resolution of a thermometer used in a
measurement system should be appropriate for the meter’s
needs and scale of operation. Since metering requires the
highest accuracy possible, the equipment should allow for
precise reading and should be checked or calibrated
frequently.

API MPMS Chapter 7.2 discusses in greater detail the
requirements for temperature measurements associated with
meters.

54,122 TEMPERATURE/PRESSURE-
AVERAGING INSTRUMENTS
Temper:znize/pressure-averaging instruments determine
the temperature and pressure of a metered guantity on a
volumetric or time-paced basis. The devices also accurately
determine average conditions if instantaneons line conditions
are changing.

5.4.12.3 TEMPERATURE RECORDERS

Recording liquid remperamres on a chart facilitates the
averaging of emperatures over a period of time. The accu-
racy of the recorded lemperamres cannot be greater than that
of the temperature-sensing device. Recorded temperatures
are often less accurate. The sensing, recording, and chart-
intcgration parts of a temperature recorder should be cali-
brated periodicalty.

54.12.4 PRESSURE GAUGES

Pressure gauges must be selected to suit the range of
expected operating pressures. They should be checked
frequently against a master gange or a deadweight tester, and
necessary adjustments should be made.

§4.12.5 PRESSURE RECORDERS

The range of a pressure recorder should be suited to the
expected range of the metering operation and should not be
wider than required. The instrument’s indicator and its
sensing device should be checked frequently with a master
gauge or a deadweight tester, and necessary adjusunents
should be made,

54.12.6 HYDROMETERS

Floating bulb-type hydrometers are used to determine the
relative density or API gravity required for the volume
correction calculations described in API MPMS Chapter
122 Refer o API MPMS Chapters 9 and 11 for instructions
10 be followed and tables to be used in converting readings to
standard reference conditions.

5.4.13 Security

Consideration shouold be given to scaling the meter
systems to prevent or identify unauthorized attempts at
tampering with or manipulating system components. The
accuracy, usefulness, and output of a measurement system
can be compromised in many ways, resulting in the loss of .
credit for hydrocarbon liquids that pass through the meter. -
Meter systems are often equipped with security seals made
of wire, plastic, or paste that when broken or disturbed indi- |
cate possible tampering. Electronic systems can also be

secured with key locks, access codes, and so forth. Each

system should be reviewed 1o define its exposure risk and to
identify appropriate seal locations and technigues.

5.4.13.1 SECURITY FOR DISPLACEMENT
METERS
Common seal points for displacement meter installations
are meter cover and accessory stack flange bolts, meter
counter mounting bolts, calibrator and compensator adjust-
ments, right angle drive covers, and covers for electrical
conduits and control boxes.

54.13.2 SECURITY FOR TURBINE METERS
Common seal points for urbine meter installations are the
mechanical counter enclosures, pickup mounting fittings,
preamplifier bousings, electrical conduit covers, and control
box covers. Sealing electrically operated systems that have
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ERRATA

On Page 7. the last sentence in 5.4.13.2 was inadvertently cut off. it should
read as follows:

54.13.2 SECURITY FOR TURBINE METERS

Common seal points for urbine meter installations are the
mechanical counter enclosures, pickup mounting fittings,
preamplifier housings, electrical conduit covers, and control
box covers. Sealing electrically operated systems that have

. Tnany accessories, power supplies, and readouts becomes
burdensome; the equipment is often housed in a building or
enclosure that can be locked or sealed to meet the system’s
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Chapter 6—Metering Assemblies

SECTION 1—LEASE AUTOMATIC CUSTODY TRANSFER (LACT) SYSTEMS

6.1.1 Introduction

his publication has been prepared as a guide for the

design, installation, calibration, and operation of & lease auto-
matic custody transfer (LACT) system,

ALACT system is an arrangement of equipment desi gned
for the unaitended custody transfer of Liquid hydiocarbons
from producing leases Lo Lhe trunsporting carier. The system
must determine net volume and quality, provide for fail-safe
and tamperprocf operation, and meet requiremnents ol ac-
curacy and dependability as agreed to by mutually concerned
parties, such as the producer, the transporter, the rovalty
owner, and federal, state, and municipal regulatory
bodies.

6.1.1.1 COMPLIANCE

Compliznce with the provisions of this standard may result
in an approach to accuracy or may establish safeguards that
are not necessary under ali conditions. When not required.
those portions of this standard not considered applicable may
be disregarded with the mutual agreement of all paties con-
cetned. The compulsory verb form “shall,” while not neces-
sarily bhinding for gll conditions, has been used when a
deviation from the siandard is likely o wdverssly affect the
satisfactory operation of a system that is designed for op-
timum operation under typical producing conditions.

6.1.1.2 FUTURE DEVELOPMENTS

Althongh this standard presents the concurrence of the
industry on system requirements for lease automatic custudy
transfer, it is cot intended in any way to restrict fumnre
developments, Fquipment now exists in the design or tield-
proving stages ihat may further improve the art of lease
automatic custody transfer. The industry cncourages such
developments, and when concerned pattics mutually agiee
1o use such systems or components, every effort should be
made to expedite their use and standardization.

6.1.2 Scope

This publication describes the metering function of a
LACT unit and is intended to complement API Specification
11N, Specification for Lease Automatic Custody I'ransfer
(LACT) Eguipmient. LACT eguipment includes a meter
(either displacement or wurbine). a proving system (cither
fixed or portable}, devices tor determining (emperuture
and pressure und for sampling the liguid, and a means
of determnining nonmerchantable oil Many of the aspects
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of the metering function of a LACT unit are considered at
length in ather parts of this manval and are referenced
né6. 14

6.1.3 Field of Application

The field of application of this pubficatior is thc unat-
tended and automatic measurement by meter of hydrocarbon
liquids pruduced ir the field and transferred (o a pipeline in
either a scheduled or a nonscheduled operation.

Note: The mformalion contained in Chapler 6.7 should also be con-
sidered whea measucing viscous (Tuids by meter,

6.1.4 Referenced Publications

Many of the aspects of the metering function are discussed
at length in other parts of this manual. Piease refer to the
following chapters for more information,

API

Manual of Petroleum Measurement Standards
Chapter 4—"Proving Systems”
Chapter 5.1, “General Considerations for
Measurement by Meters"
Chapter 5.2, “Measurement of Liquid
Hydrocerhons by Displaccment Meters”
Chapter 5.3, “Measurement ot Liquid
Hydrocarbons by Tutbine Meters”
Chapter 6.7, “Metering Viscous Hydrocar-
bons”
Chapter 7—"Temperature Determination”
Chapter 8—"Sampling” :
Chapter 8.2, "Automatic Sampling of
Pctraleumn and Petroleum Products”
Chapter 9—"Density Delermination”
Chapter 10—"Sediment and Water"
Chapter 12.2, “Calculation of Liquid
Petroleum Quantities Measured by Turbine
or Displaccment Meters”

Spec LIN  Specification for Lease Automatic Custody
Transfer (LACT) Equipment

6.1.5 Requirements for All LACT
Systems

The 1equirements for all LACT systems are as follows:

a. When hydrocarbon hiquids are measured and trans-
ferred, the fluid shouid be stable 1o permit subsequent
storage during transportation without abnormal evapora-
tion losses.



APTI MPHS*h.l 91 N 0732290 00%.207 1 EE

2 CHAPTER 6—METERING ASEEMBLIEE

b. During custody transfer, provisions shail he made for
delermining net standard volume, {(See Chapter 12.2.)
c. ‘Temperature measurements, recordings, or corrections
applicuble w volumetric measurement shall be made in ac-
cordgnce with Chapter 7.

d. Temperaiure and pressure measurements (either recorded
ot indicated) shall be taken, and corrcctions applicable to
volumetric mensurements shall be made in secordance with
Chapter 12.2. The method of performing temperature com-
pensation is a rnatter of negotiation but should be
accomplished by use of volume-weighted temperature-
averaging devices or temperature compensators for op-
timum accuragy.

€. Arepresentative sample of transferred oil tor determining
densily (API gravity). sediment and water content, and any
other physical properties required shall be obtained. (See
Chapter 8, Chapter 9, and Chapter 10.)

f. The merchantability of hydrocarbon liquids should be
established when they are transierred; that is, when the
liquids ere within a specified density (API gravity) range,
do not contain more than a specified sediment and water
perceniage, are al an acceptable temperature, and are of
an acceptoble Reid vaper pressure. A means shall be
provided 1o stop the flow of oil to the carriers system and
to the sampling system if the oil becomes unmerchant-
able

g. A means should be provided to control flow rates, periods
of fiow, and nct quantities of oil delivered 1nto the corriers
syslem. :

h. A means shall be provided to stop the flow of oil into the
carriers System at ol belfere completion of delivery of the
leases assigned allowable capacity.

i. The control aud recording svstem shall include fail-safe
componcnts to prevent mismeasurement or hazardous operat-
ing conditions in the event of a power or system functional
failure of any of the system's components 1cquired for the
ILACT.

Jo All compenents of the svstem tha: require periodic
calibration and/or inspection should he accessihle for
inspection by all parties involved in the cuslody Lransler
fransaction. Adjustment, repair, or replacement will be
performed by thosc respansible for the operation of the
system. The design of the system shall provide a means
for 1cadily dotecting leukage throughout the system, for
exainple, double-block and bleed-type valves, sight
drains. or pressure insfruments.

k. 'Ihe piping system shall not have connections or bypasses
that would permit liquids to be transfeired withcut measuie-
ment and shall be designed or equipped so that a reverse flow
ol fiquid through the ueasuting device cannot eccut.

I Aeans shall be provided to lock or seal components that
altect control or indicate measurement of quantity or quality.
Unless this requirement has been specificaliy waived, such
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components shall be unlocked or unscaled only after prior
notice to and consent of the parties concerned,

m. System malfunctions shall be anticipated, and
deliveries that could accur during such periods shall be
estimnuted. This requirement may be el by independent
gross fluid delivery-recording systems, that is, by using
a dual-head meter and temperawre recorder, by using a
meter in series, or by recording temperature or pressure
or other instruments that indicate periods of flow. In
installations whers such apparatus is not used, prior
agreement should be established for calculating or es-
timating procedures that will be followed in instances of
measurement system malfunction.

n. Sediment and water content and density (AP] gravity)
measurements shall be made from composite samples ob-
tained by automatic samplers of acceptable design. Samplers
shall be installed in accordance with Chapter 8.2.

6.1.5.1 SAMPLING

Inmost cascs, accounting for a crude ol run is determined

on the basis of net standard volime, which includes comrec--

tions for mcier factor. temperature, pressure, and sediment'*

and water content. Therefore, the coniposite sample accumu-

lated in a run period and any portion used for the determina-

Livn uf densily (AP] gravity) and sediment and walter content
must represent all crude oil delivered doring that run period.
When density {AP) gravity) and sediment aud water content

are hased on a sample from the composite sample of the run,”

the procedures used must ensure that this secondary sample’

is representatrve of the composite sample. (See Chapter 8 for
additional details.) The sampting should be proportioned to
the flow rate through the meter,

6.1.5.2 MAINTAINING ALLOWABLES

When repulatory agoncics apply production allowablcs,
runs from the LACT systean shall conform to but shall not
execed these allowances, Automatic means shall be used to
accumnplish this requirement, The systern must be fail-safe,
tamperproot, and sealed so that nether the producer nor the
carrier can change the anangement without the consent
and/or knowledge of the other party.

System devices must be capable of being pre-set and verified
for i predetermined volume thal will approach but not exceced
the lease allowable. When the predetennined volume has
been reached, the arrangement used nust prevent any
further movement of oil from the lease until it is manuwally
reset. ‘The arrangement must be adjustable so that chan-
ges in production aliowables are accommodated.
Registers and counters should be readily visible so that
oil deliveries cun be checked at any time.
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6.1.5,3 MONITORING QUALITY

Means shall be provided to prevent watcr-contaminated
oil or slugs of water from entering a carrier’s system. The
parties shall agree on ihe maximum permissible sediment
and water content of the crude oil. One such satisfactory
antomatic device which defecis waler is an instrument that
measures capacitance (dielectric constant of the liquid
stream). This device should be instatled in a vertical riser
in the piping before the meter and should be used to actuase
controls s¢ that water-contaminated oil is not delivered to
the pipeline. A time-delay element may be incorporated
intw the monitor system.

6.1.6 Displacement and Turbine Meter
LACT Systems

Practical methods for obtaining accurate measurements of
lcasc oil runs, using either a displacement or a turbine sueler,
with equipment arranged v meet the requirements defined in
this chapter are outlined in 6.1.6.1 through 6.1.6.5, (See
Chapters 5.1, 5.2, and 5.3 tor detauls on meter selection.)

6.1.6.1. INSTALLATION

LACT systemsthatuse meters shall be designed inaccord-
ance with applicable indusiry codes or standards. Each item
essential to quantity and quality control shall be located so
that it will consistently perform its function,

Figure | isa schematic flow diagrar showing the prinuipul
components of ameter-cquipped LACT unit. All irems shown
may be used in an installation, but if certain components are
not required for the integrity of quantity and quality control,
they may be omiited.

6.1.6.2 SPECIFIC REQUIREMENTS

The design and function of a LACT system are matiers of
negotiation. These negotiations determine which of the re-
guirements are applicable. However, when the quantity or
quatity measurement or control depends on cormpliance with
the requirement, the spemﬁc conditions detailed in 6.1.1.1
sball apply. -

LACT systcms that use meters shall maintain fluid pres-
sure throughout the measurement system in excess of the
praduct bubble-point pressure by an amount sufficient to
prevent the formation of vapor, If vapor is introduced iato the
measurement system, the measurement will be inaccurate.
When vapor removers are specified, they shall be sized for
releasing vapor to the atmosphere or to & suituble vapor
recovery syslem at rates equal to or grealer than the nonmnal
flow rates ofthe liquid. Vaporoutlet lines from remaovers shall
comply with salely stundards, When the design of storage
facilities ensures fluid-packed line conditions leading to the
metcr, vapor removers may not be iequired. Either the

by the AMERICAN PETROLEUM INSTITUTE (API)
) 21°'57.4B 1996

producer or Lhe camier may require the installation of a
dielectric or capocitance instrument, more commonly
referred to as & water monitor, This monitor will automnat-
ically stop or divert flow before liquid is delivered to the
meter when the carrier’s specifications are not met. The water
monitor shall be located upstream from the meter and shall
be in operation at all times during dclivery. The carrier shall
specify the maximum water setting ot the instrument.

Meters shall be operated within the manufactrer’s recom-
mended flow rates and at a rate as near as possible to the rate
at the timie of the meter proving when the meter factor was
obtained. A back-pressure control valve is necessary to main-
tain a constant flow rate and pressure independent of
downstream conditions, Meters shall not be subjccted 1o
pressurc pulsations, flow rate surges and shall not be sub-
jected to shock pressures cuused by quick-closing valves.
When temperature compensators with density selectors are
uscd, they shall be adjusted for the density {(API gruvity) of
the metered liquids. When temperature variations result in
mismeasurcment, iemperature stabilization and monitoring
may be required. The carrier may require that & pressure sucge
and/or suction tank be installed upstrcam from the LACT
system to ensure that fluid-packed line conditions lead to the
meter and to protect the meter rom’ flow rate' surges.
“Weathering” the crude nil, expansion chambers, and other
such requirements may bLe required by the curier to prevent
unstable metering conditions.

When systemn pressure requires the use of the oil compres-
sibility fuctor and pressurc may not remain constant, flow
weighted pressurc-averaging devices or pressure recordess .
may be required, (Sec Chapter 12.2 for computing Cp1.)
When reguired by operating conditions that change suffi-
ciently to alter the meter factor beyond acceptable limits,
such as temperatire variations and the associated viscosity
changes, the ¢il temperature shall ke maintained 1casonab-
ly constant and shall be approximately the same as the
proving temperature.

6.1.6.3 FACILITIES AND PROCEDURES FOR
PROVING DISPLACEMENT AND
TURBINE METERS

Proving procedures for each LACT location should he
agreed to by the parties concerned (See Chapter 4.) Copies
of the agreement should be furnished to both the gperating
personnel and proving personnel. Such procedures should
include:

a. A step-by-step method to be followed at the location.

b. A prncedure for checking valves for leakage befure and
during the proving operation.

c. A prelininary inspection or npuﬂtxon of the proving
cquipment,

d. The lacations and specifications of seals to he inspected
at time of proving.
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Delwe:
lank

. Charging pump and motor
. Bamplar

Sampls container and circulation pump

. Stramer

a. Inlegral air/gas elmenator (colional)
b. Separate alrrgas shiminator {obtlonai)

. Water manlior probe

Note: The moenilor chassis may Ho mounted
with tha electrical control system
or directly on ina moritor probe

. Divarter valva

We: oIl hack-preasure valve toptonal)

. Custody transter meter ang accessories
. Black vaive

Provar
system

§*v+§

%]HI » <]

10.

11,
12

13.
14,
18.
16.
17.
18,
19,
20.

plpellne

Towet oll
€torage or
dehydratian
‘ faclity
I
Buck-prossure valve

Mota: Lecale tne back-pressure valve unetrgam of
the prover loop for tank provers.

Power panal

Contrel cquipment (for examole, water monltor,
allowable countar, and shufdown systern)
Racirculation pump (opilonal)

Check vaive

Double-block and bleed-valve

Pressure measursmant device

Temperature measuramant device

Level controb—gtart

Lovel control—stop

Low level control (optional)

Notz: This simplified dlapram indicates primary compunenls meeessary for typical LACT units but is not in-

tended to indicate prefemed locasions.

Figure 1—Typical Displacement or Turbine Meter LACT Unit Schematic Diagram
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e. The netification and witnessing required when seals are
broken for maintenance purposes.
f. Thelocation, type, scale division, and methods forreading
the thermometers used in the proving process,
g. The location, Lype, scale division, and methods of reading
pressure instroments used in proving.
h. The specificalions of a proving run, such as:
1. The number of times the prover tank should be filled.
2. Specilyiog the number of runs for a pipe prover.
3. Defining a minimum time and/or volume if the
master-meter method is used.
t. The repeatability criteria for runs to be used and the
aumber of runs to be averaged to obtatn a new meter factor
J. The normal pertod between required melter provings. The
period between provings may bo cstablished either on a
throughpul or on an elapsed-time basis. This period may be
amended based on individual location meter performance
records,
k. The normal date and time of provings or the notice to be
given to witncssing parties when a proving schedule is estab-
lished.
1. The witnessing required for provings.
m. The standard of consistency desired between meter fac-
tors obtained from consecutive provings.
n. The procedure to be followed when the desired consisten-
¢y is not obtained, either in the results of consecutive rons
during an attemptad proviag or in meter factors abtained from
consecutive provings.
0. The frequency of inspection or the frequency and method
ofrecalibration or calibration vecification of the basic proving
device,
p. The conten: for the forms o be used to record meter-prov-
ing data, complete with sampte calculations and 1cterences Lo
lables used for correction factors and conversions.

The proving recard for each meter shall be kept on file for
at least'the sanoe period as the meter tickets to which it applies
or for u period mutually agreed to by the parties concerned.
At least one copy of each official proving record should be
supplied to cach paity concerned.

6.1.6.4 DISPLACEMENT AND TURBINE METER
SYSTEM OPERATION

The operation of a meter svstem will vary depending on
the characteristics of the liguid, the design of the instatlation,
the type of pipcline facility connection, and the operating
scheduie of the pipeline. To be successiul, u system must
satisfy the requirements of the producer and the carier,
Before an installation is completed, operating sequences
should be checked to ensure thal the requirements of all
interested parties have been met. The following cases are
lypical, and the items to be checked are suggested as puidey
for system studies.,
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6.1.6.4.1 Case A—Normal Delivery to a Gravity
Flow Pipeline in Nonscheduled
Opeoration

4. When the liquid level in thc delivery tank reaches the
normal high working tevel, the charge pump starts and the
control valve opens to the pipeline. admitting flow through
the meter.

b. When the vulve reaches its open-to-pipeline position, the
automatic sampler hegins sampling as soon as the meter starts
turning.

¢. Under normal conditions, delivery to the pipeline con-
tinues until the liquid level reaches the normal low-level
position, X
d. The back-pressure valve then closcs the pipeline outlet,
the charge pump stops, and the automatic sampler stops
sumpling when the meter stops turmung.

6.1.8.4.2 Case B—Normal Dellvery to & Pres-
surized Pipeline in Nonscheduled
Operatlion

a. When the liquid fevel in the delivery wank reaches the
normat high working level, the charge pump starts and the
control valve opens to the pipeline. admilting flow through .
the mete;.

b. When the valve reaches its open-to-pipeline position, the
pipeline shipping pump starts and the automatic sumpler
begins sumnpling as soon as the meter starts turning.

¢. Under normal conditians, dclivery to the pipeline con-
tinues uutil the liguid level reaches the normal low-level
position,

d. Thecharge pump stops, the back-pressure valve closes the
pipeline outlet, and the pipeline shipping pump is shut down.

6.1.6.4.3 Case C—Normal Delivery toc a Pipeline
In Scheduled Qperation

Some pipeline systems are operated on a schedule
whereby it is desitable to admit oil only during a certain
miterval, For this amrangement, the operation sequence shall
be the same as for nonscheduled delivery (6.1.6.4.1 and
6.1.6.4.2)except that a timne-interval controller shul? be added
10 the circuit that overrides the normal high working level
control.

6.1.6.5 NONMERCHANTABLE OiL INTERRUPTION

In each of the three cases, the following pracedures shall
be followed:

u. After delivery to the pipeline has begun, if nonmerchant- -
able oil flows continuously past the water monitor for a
predeterminad lime interval, the charge pump is automat-
ically stopped unless the pump is 1cquired to circulate oil for
trcatment.
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b. The valve closes, stopping flow to the pipeline. d. Thecontrolslock out the transfer of cil to the pipeline until
the nonmerchantable oil has been treated to mect specifica-
tions. The LACT unit cun be designed to restart autormatically
after a period of recirculation.

¢, Theautomatic sampler remazins energized in case of inad-
vertent tlow through the meter.

44
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-SECTION 3—SERVICE STATION METERED FUEL-DISPENSING SYSTEMS

6.3.1 Introduction

This section of Chapter 6 of the AP1 Manual of Perrolewm
Measurement Standards pertains to service station metering
systems used for dispensing motor fuels (except liqueficd
petroleum gas fuels) to road vehicles at relatively low flow
and pressure, Simce these systems are used in custody-trans-
fer service, they must meet cerizin performance require-
ments and may be required to contorm 1o federal, state, and
municipal regulations. codes, and laws. The regulations.
coxles, and faws may have specific 1estrictions that must be
taken into account in the design and installation of service
station metered fuei-dispensing systems.

This section does not focus on service station design as
such. It focuses tnsiead on the meter. its appunenances, and
the associated elemcats that may have a bearing on measure-
ment accuracy.

6.3.2 Scope

This section of Chapter 6 of the AP Maunual of Petrolewor
Measurement Standards ofters guidance un the selection, in-
siallation. performance. and nmintenance of two commun
types of metered motor-fuel-disoensing systems: the sub-
mersible pump system (often called o remtene pump svstem,
a prossuriced pump svsten, or a submerged pump svstem
and the sclf-contained-pump system (otten called g suction-
PP AYNEDt OF o selfecontuined system),

6.3.3 Pertinent Publications
6.3.31 REFERENCED PUBLICATIONS

The most recent editions of the Tollowing recormmended
practice and handbook are cited n thus section of Chapter 6
of the AP Manual of Perrelerwm Meastvement Standards.

APl . -
RP 1615 Insiallation: of Urdercround Petrolenm
Pmduct Storage Systens

NIST!
Iandbook 44 Specificanions, Toierances. and Other
Technical Reguiremenis for Weighing
and Measuring Devices

'Matinal bnktigute of Standards and lechnalopy, VS Lepamrment of {orm-
meree, Gathersburg, MD 20899,
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6.3.3.2 OTHER PERTINENTY PUBLICATIONS

Many aspects of metering are dealt with at length in parts
ol the API Manual of Petroleum Measturement Standards
other than this one. Please refer to the following chapters of
the Manual for more information. Please also refer o the fol-
lowing recommended practice for more information.

API
Manual of Petroleum Measuremens Standards (AMPMS)
Chapter 4, "Pruving Systems”
Chapter 5, "Mciering”

RP 1621 Bulk Liguid Stock Control at Rewail Outlets

6.3.4 Field of Application

The sysiems described in this section of Chapter 6 of the
Manual arc mecant-primarily tfor use in smatl-to-medium-ca-
pacity service stations, large multipump stations, conve-
mence stores, and truck stops or for use in relatively
low-fiow aircrafi-and-marine-motor-fuel-dispensing sys-
tems. To u lesser extent, they can apply to fleet-fueling sys-
temus, although these are generally outside the jurisdiction of
the weights-and-measures authorities

6.3.5 Dispensing Systems’
6.3.5.1 BASIC DISPENSING SYSTEM

A basic dispensing system consists of a fuel reservoir, a
mumg, a metel and register, provision for air elimination and
thermal expansion. miscelaneous valves and piping, and a
discharge hose and nozzle. The system may also include
other enhancements, such as leak detection, vapor recovery,
and safety devices.

6.3.5.2 TYPES OF DISPENSING SYSTEMS

The two most comman types of dispensing systenm ane
the submersible pump system (often called « remore pump
sysiem. a pressurized pump sysieni. or a submerged pump
sysrern) and the self-contained pump system (otten called o
suction-pump svstem or a self-contfained system) Both arc
wet hose systems that include an antidrain valve inside the
dehvery novsle W prevent the bose from being drained when
the syster 18 inoperative. Withou! the antidrain valve, the
meter could creep ahead before the next delivery, thereby
overstating the delivered volume.
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6.3.6 Submersible Pump System

In a submersible pump system, the pump is located ar the
bottom of the fuel reservoir, and it pushes the fuel under pres-
sure through the complete system. A single submersible pump
may serve one o7 several dispensing hoses simultaneously.

An important advanuage of this systern is that during oper-
ation, fuel ts under pressure and little possibility exists for
the fuel to vaporize and have an adverse effect on measure-
ment accuracy. Once the piping system 1s purged, the sub-
merged pump cannot pump air into the system. A check
valve at the pump discharge head prevents backflow in the
piping when the svstem is inoperanve. If backflow or emp-
tying does occur—allowing air to enter the pipe connecting
the pump to the pump discharge head—the air will be purged
from the pipe when the ptmp is activated for subsequent dis-
pensing and the pipe is repressurized with fusl.

Since submersibie pump systems are pressurized, a means
for detecting leaks in the piping is wsually provided. The sys-
tems also inclode #n impact safety valve bencath cach dis-
penser to stap the flow of fuel il a dispenser s struck ur
damaged. Pressure from thermal eapunsion is relieved

through @ thermal relief.valve in or near the check valve in
the pump discharge head.
Figure | illustrates a typical subnernsible pump systann.

6.3.7 Self-Contained-Pump System

A self-contained-pump system is a dispensing system
whose d:spenser contains the pump that draws its fuel. In
this syswim. fuel is drawn from the fuel reservoir up through
piping to the pump within the island dispenscr. From that
paint on. the pump pushes the fuel through the balance of the
system. In this system—unlike a <ubmersible pump sys-
tem—na dispenser impact valve 1w utilized in suction piping
since a break vsually terminates fucl flow. Althotgh sclf-
conlained-purnp systems are less costly i cengin apphca-
tions. theyv tend to vaporize fuel as it is sucked upwards by
the pump from undereround storage,

Note Caution must be exercised not 1o ex.eed the manufacturers necom-

mendations tar vertical Istt and overall borrzontal lengin of prping duiing -
stullatron and appheativn. Otherwise, an operationsl problem mught tollew.

in self~comtained-piunp systems, air is alowed (o enter the
piping because che system’s positive displacement pump can

Submersible pump heac with bust-in

check valve and laak detector —— s\
N,

Meter Dispenser

Strainer.., ™, /

Irmpact valtve “

O
Fill pipe b i
\ \\ / Pump islana
\\ \ . 1 I‘ }/
-— - Ne L .- LT _\@—_—L’T ""-'—‘i_h -
D s, s || FYPRSWRTRIHS | Ny
= .
[ /
! \\ \

\ . Vent Ime3

I
|
!
1
| - Line o dispenser
1

|

ra———— S10rage tank
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-
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Figure 1—Metering System With Submersibie Pump
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effectively pump air. However. 2 foot valve on the suction
pipe near the bottom of the fuel reservoir prevents backflow
when the pump is deactivated. To remove air, the fuel is
pussed through ap air eliminator, located on the discharge
side of the pump in the dispenser The air eliminator allows
air entrained in the fuel to settle out after passing from the
high-pressure chamber to the low-pressurc chamber of the

eliminator. Once air is separated from the fuel, it 1s vented to .

the atmosphere. The vent must never be piugged or re-
stricted, because if it is, air will enter the meter.

Unlike submersible pump systems, which have thermal
relief for fuel exparsion built into the pump head, self-con-
tained-pump systems relieve into the low-pressure chamber
of the air eliminator. The excess fluid 15 fed back into the
systern when the pump is operated.

Figure 2 illustrates a typical self-contained-pump system.

6.3.8 System Selection

In adverse condriyons such as long underground hnes. high
vertical lift, relatively high armnbient temperatures. and high
geographic elevations, submersible pump systems have an

advantage over self-contained-pump systems. These condi-
tions may cause poor performance in a self-contained-pump
system. In adcition, fucl vaporization could cause the meter
of a self-contained-pump system to behave errarically.

Self-contained-pump systems perform very well where
lines are relatively short and buried 10 a satisfactory depth,
temperature [imits are not exceeded, und barometric pressure
is never low.

6.3.9 Meter and Register
6.3.9.1 METER

Generally. meters used in service station dispensing sys-
tems are of the sealed piston type, which is accurate over a
relatively broad flow rangc—typically 2-15 gallons per
minute. The sccuracy reguirement for a new installation is
approximately 0.25 percent. Strainers installed upstream of
the meter should be cleaned periodically to protect the meter.

The meter is equipped with an adjustable calibration

mechanism for use when the meter is proved against a stan-
dard test volune. Tampering with the calibration miechanism

N
Meter 1
Air eliminator -
[+] ] Suction pump . O
Strainer
Fill pipe
=R Es‘.\ \ = I I
F'Bn"\‘;r‘ - e A a(:).:céc-_\_. ucﬁaﬁq [t
§
1/

—

lI
Il
Il
II
II
o
\

| ]
II

— )
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i
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Figure 2—Melering Systern With Self-Contained Pumps
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is indicated by broken seals. The calibration mechanism must
be sealed by authorized weights-and-measures personnel.

INDICATING REGISTER

The register may be of the mechanical type or the digital
clectronic (ype. In vither type, the register computes the roal
sales by muliiplving the posted price per gallon of the partic-
ular fuel delivered times the number of galions (with any
fraction thereof) of fuel delivered.

The repister is urerlocked to the delivery hose to the ex-
tent thit u subsequent delivery cannot be made until the reg-
ister is reset to zero gallons and zero dollars.

Registers should display both the transaction gallonage
and the totzhzer reading of all gallons dispensced through the
register. All information displayed should be as definec by
NIST Handbook 44.

6.3.9.2

6.3.10 Installation

Underground piping associated with self-contsined-pump
svatems should be kept as short as possible and installed at
an appropriate Jdepth to prevent or minimize fuel vaporiza-
tion Underground product tanks should be maintained m a
sceure environment; this can be done hy providing facilittes
for Yocking or sealing the fill pipe cover. AP Recommended
Practice 1615 recommends procedutes tor the installation of
underground gusoline tanks and piping a1 service stations.
Authorized weighis-and-mensures personnel must prove and
seal the meters m a new instaftanon before the dispensing
systemn can be placed in service

6.3.11

Motar fuel dispenser metess are proved on 2 regular basis,
ezncralty annually. Proving 1s performed by authorized
weights-and-measures personnel by dispensing a discrete
quantitv—usually 5 gallons—into u field 1@st measure, The
quantity indicated on the dispenser ragister must compare
with the guantity depositcd in the west measure withun the
dasignared tolerance for the flow ratz used. Acceptance ol-
erunces may vary slightly wicong the varnious local agproval

Meter Proving

Copyright by the AMERICAN PETROLEUM INSTITUTE (API)
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authorities. (Refer 1o NIST Handbook 44 (or nationatly spec-
ified tests and tolerances.} A security seal must be applied to
the meter calibrator and a seal of approval must be applied to

the dispenser before the dispenser is placed in custody-trans- -

fer service.,

6.3.12 Maintenance

Line filters and strainer< must he cleanzd or repluced fre-
quently to prevent unnecessary flow restrictions and to pro-
lect the meter.

Flow nozzles muse be tested penodically to determine
whether antidrain valves successfully 1efain product in the
wel hose.

Delivery hoses and retraction mechanisms must be exam-
ined to ensure that they are in geod condition and function-
ing properky.

Perindic inventory reconcihiatien should be performed by
checking whether computed sules totals balance against ex-
isting tmventory plus the actual product dehivered.

CAUTION: Care must be taken to ensure that all equipment
components {gaskets, seals. valve uim. hoses. and the like)
and construction matertals are compatible with wday's prod-
uct additives, oxygenates. and oclanc improvers.

6.3.13 Additional Considerations

Recently, increased public concern tor protection of the
environment has generated new legislation and code repula-
tions that require the following:

a. Corrosion protection tor cxposed underground metallic
compuenents,

b. Tank overfitl protection.

¢. Tank fill containment.

Jd. Underground manoring to detect possible spills or leaks.
e. Vapor recovery.

Some jurisdiclions have gone even further and now re-
quire secondary containment of the underground pormions
ot a dispensing system. For further information. sce API
Recomimended Prachce 1615,
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SECTION 6—PIPELINE METERING SYSTEMS

6.6.1 Introduction

The three principal characteristics of a pipeline that affect
the sclection of the type of measurcment equipment best
suited to it are:

a. The high fixed cost, which makes continuous operation
desirable.

b. The capacity, which implies large volumcs and high ratcs.
¢. The need for efficient operation and maxisAum accuracy
in measuring the throughput of the systesm.

The advaatages of dynamic measmement {metering) over
static measurement (gauging) for pipetine oil movements are
provided in Chapter 5. 1.

This chapter deals with liquid hydrocacbons (crude oils,
condensates, refined products, and hydrocarbon mixtures).
Twao-phase Huids are not included.

Individuals concerned with instaliing measurement equip-
ment for hiquid hydeocarbons of high vapor pressuies, such
as ethane-propane mixes, propylenes, and so on, may find this
chapter useful; howcever, speeial additional precautions may
be required. '

6.6.2 Scope

This chapter provides guidelines {or selecting the type and
size of meater(s} 10 be used to measure pipeline movements.
Types of accessories and instruments that may be desirable
are specified, and the relalive udvantages and disadvantages
of the methods of proving meters by tank prover, by conven-
tional pipe prover, by small voluine prover, and by master
meter are discussed, This chapter also includes discussions
on obtaining the best operating resulés from a pipsline-meter
station.

6.6.3 Field of Application

The information provided in (his chapter may be applied
to the following sysiems:
a. Uathering svstems from production [acilities ta 1 main
crude oil storage or pipeline system.
h. Crude oil pipzlines.
¢. Refined product pipelings,
d. Liquefied peiroleum gas (LPG) pipelincs.

6.6.4 Referenced Pubilcations

Many of the aspects of the metering [unctions are con-
sidered at length in otiwer parts o (his manual. Pleaserefer to
the following chapters for more information.

y the AMERICAN PETROLEUM INSTITUTE (API)
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API
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Chapter 4—"Praving Systems”
Chapter 4.3, “Small-Volume Provers”
Chapter 5—“Metering”
Chapter 5.1, “General Considerations for
Measurerment by Meters™
Chapter 5.2, “Mzasurcment of Tliquid
Hydigcabons by Displacement Meter”
Chapter 5.3, “Measurement of Liquid
Hydrocarbons by Turbine Meters”
Chapter 5.4, “Accessory Equipment (or Liy-
uid Meters™
Chapter 5.5, “Fidelity aud Security of Flow
Measurement Pulsed-Data Transmission
Systcms™
Chapter —"Sampling”
Chapter 12.2, “Calculation of Liquid
Petroleum Quantitiss Measured by larbine
ar Displacement Meters™
Chapter 13,2, “Suatistical Evalvation of
Meter Proviog Data” (under development}

6.6.5 Meter Station Design

As defined in this publication, a melering station on a
pigeline system is une where custedy transfer measurement
takes place through one or more meters. When a pipcline-
metering systen: is designed, the objective is 10 ublein op-
timum measuremsnt accuracy for custody translers
regardless of the volume handled. The measurement accuracy
of the systemn depends on melers., provers, valves, and other
equipment selected for that measurement system.

Other considerations fur a mneter stulion design include
providing for future expansion and upgrades, accessibility of
the equipment for maintenance, and accuracy verification,

Chaptes 4 and S of this manual should be consulted for
further requirements common to all proving and metering
Sysiens.

6.6.5.1 METER SELECTION

Although displacement meters (see Chapter 5.2) and tur-
bine meters (see Chapter 5.3) are the maost comwonly used
meters in pipeline applications, nther tvpes of meters are not
excluded if they serve the wntended purposc.

Meter selection is discussed in Chapter 5.1, In general,
turbine meters are preferred for high-flow ratc and low-
viscosity applications. In high-pressure applications, capital
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and installation ¢osts of turhine meters may be less. However,
in crude oi service viscosity, wax content or the prescnce of
fibrous material may limit the use of turbine meters. When
the relative merits of displacement and turbine meters arc
evaluated, both maintenance and opcerating costs should be
considexed. Maintenance costs for displacement meters may
be sigaificant when Jiquids with poor lubricity or abrasive
characteristics are handled. Turbine meter mainteniice costs
ate usuzlly low, but maintenance of adeguate back-pressure
£0 ensure accuracy may 1esult in higher power costs,

Detoie sclecting a meter, the designer must know or have
2 goud estimale of the following;:

n. Tha range of physical and chemical characteristics of the
liquid in:
1. Viscosity, lubricity, and pour-point
2. Dcnsity (ADPT gravity).
3. Corropsive, abrasive, fibrous, wax. or other foreign
matarial.
£ Vapor pressure.

b. The range of flow rates and pressuies.

¢. Therange of liquid temperature and ambient temnperatures
that will bz encountersd..

d. The duration of operation (continuous or intermittent).

e. The locanon of the meter station and whether its control
i3 to be loenl or remote, attended or unattended.

6.6.5.1.1 Viscosity

The linearity of a displacement meter improves as the
viscosity of the fluid being metered increases, This itnprove-
ment is a result of decreascd slippage in the meter. (See
Chupter 5.2.)

Turbine meters geneially parform with o broader lrear
range in [ower viscosities. (See Chapier 5.3.)

Tubine meters would normally be selected for use with
low-viscosity 1efined products. such as propane. gasoline,
diesel oil, and so on. because of thew lomger serviee lile,
greater rangeability, and egual or better accovacy than a
disptacement meter on these types of preducts. (See Chaprer
5.1)

6.6.5.1.2 Density

The rating of a dispiacement meter is generally nat af-
fecied by the density of the biquid that it must mcasure. In
imstallations where tmbine meters are used, the fincar range
of the meter tends to shift with density. (See Chapter 5.3.) In
general, aturbine meter’s normal fiow range shifty to s higher
range as density decreases. Conversely, (ur higher density
tiquids, the pressure drop across the meier increases more
rapidly as flow rate increases.
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6.6.5.1.3 Corrosive, Abrasive, and Foreign
Materials

Abrasive solids, acid or alkalinc chomicals, and somce salts
are {ypical foreign malerials in a petroleum liquid that can
harm a mcter and its operation. I displacement meters are
inlended for use with liquids containing relatively large
amounts of abiasive or corrosive materials, the manufucturer
should be consulted about the materials used for meter
construction.

In pgeneral, a limited amount of fine abrasives and cor-
rosive contaminanty have less effect on the life ul peclor-
mance of a turbine meter becuuse solids in suspension
continue to {low uninterrupied through the meter. Corrosive
contaninants do not alfect. (o any marked degree. typical
stainless steel turbine meters. On the other hand, displace-
ment meters are more alfected by {ine abmsives because of
the closc clcarances of the moving parts and because the
standard maierials of construction can be affected by reactive
chemicals. Conversely, fibrous materials, weeds. and wax,
which arc sometimes present in crwcde oils, have litlle effect
on displacement meters. However, these contuminants tend
to become lodged on rotor blades and siraighiening sections
of turbine meters and affect their apecation.

6.6.5.1.4 Vapoar Preasure

The vapor pressuce of the liquid 10 bz metered is a facton
in datermining the pressure rating regquued for the meter and
the meter mamfioid, Vapor pressuic also has a bearing on the
type of pressure control eguipment and valves needed w
mainiain a liquid phase and accurate measurement.

6.6.5.1.5 Flow Rate

The selecied meters shall have the capacity to handle the
minire aond maximum expected pipeline tlow wate, Dis-
placement metars are normally selected for continuous opera-
tiom at about 75 pereent of the manufacturer’s nameplate
capucity, if the liquid has reasonable lubricity. The capacity
of displaccment meters is reduced 1 as tow as 40 percent of
nameplate capacity for liguids with poor lubricity, such as
butane or propane. Turbine meiels may be operated at full
nameplate capactty and beyond. hut because pressure drop
increases with flow rate, power cosls may be a [aclot in
choosing the most suitable size of meter.

Optimnm accuracy may require displacement meters tobe
operated at rates above 20 percent of maximum nameplate
capacity. Turbinc meiers, depending on fluid characteristics,
may requite operation al rates above 40 percent of maxinum
nameplate capacity for optimum accuracy,

6.6.5.1.6 Temperature

When pipelines gencrally operatc in maderate ambient
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temperature rauges, special temperalure considerations in
meter selection or installation are seldom necessary. How-
cver, if abnonnal temperatures are anticipated, such as high
temperatures that may be required for handling high pour-
point liguids, consultation with meter manufacturers may be
required before meter selection. In addition, handliug of hot
hydrocarbon liguids may require insulation, heat tracing, ar
both, of meter manifolding #nd exposed sections of the tank
or lings fecding the meters.

In cold climates, it may he necessary to protect 2 meter’s
auxiliary equipment {such as counlers and printers) by install-
ing o heated shelter over the meter to prevent failine of the
auxiliary equipment. This precaution becomes more critical
when electronic equipment is used. Changes in the tempera-
ture of a hydracarbon liquid cause changes in its viscosity. Tn
tucn, this change results in a shift of meter factor and a
passible shift in normal operating range.

6.6.5.1.7 Continugus or intermittent Service

Both displacement and turbine mcters are designed for
either continuous or intermittent service, llowever, for con-
tinyous operation, some wrangement must be provided for
standby mewering or alicmate mcihods of measurement to
cops with normal meter imaintenance, scraper runs, or equip-
ment trouble, (See 6.0.5.2.) ¢

6.6.5.1.8 Location

Displacement metets with mechanical registers are well
suited to small capacity systems and remote locations, They
do not necessarily require uninterrupted electric power and
electronic equipment to provide o readout of quantity
mcasurcd as turbine metces do.

6.6.5.2 METER SIZING

6.6.5.2.1 General Conslderatlons

In new meter stations., the systzm may be mare flexible
and less costly if a bank of meters in parallel is instalied rather
than a single Jarge meter and a single large prover, I an
existing prover is to be used, then the new meters selected
should be compatible with the existing prover, See Chapter 4
for size limitations of provers.

8.8.5.2.2 Sizing Displacement Meters

If a new measuretent syslem is Lo be installed, the size of
the displacement meters (see Chapter 5.2) may he decided by
using the foliowing steps:

a. Determine the maximum and minimum meter stistion flow
rates expected.

b. If pipeline flow cannot be intermupted, provide a spare
meter 1un $6 that measurcment may continue at the normal
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tale il the primary meter faily, © .. <~ "
¢. Size each displacement meter for nommal cpc: ation at 75
percent of its maximum nameplate capacity,

In most ¢ascs when a tank prover is to be used, a minimuin
of two meters in parallel will be required because flow from
the meter to be proved has to be stopped immediately before
and after proving. It may aol be practical W interrapl the
pipeline flow 10 achieve this requirement except in cases of
small lease automatic custody iransfer (LACT) gathering
systems.

Finul selection depends on the performance desired, the
space available, and the size and cost (capital and operating)
of the meters, prover, assacialed valves, piping, and auxiliary
equipment.

6.6.5.2.3 Sizing Turbine Meters

Sizing, a turbine meter raquires more detailed considera-

tions than that for a displacement meter because turbine meter
performance is more likely to be affected by lquid density
and viscosity. (See Chapter 5.3.) Turbine meters tend o be
chosen for meter stations that are operated at higher flow rates
and lower viscosities.

Fibrous and foreign matenal tends 1o gel caught on turbine

meters in service. It is, therefore, desirable to have a spare
meter that can be rotated with the operating incter to allow
for disengaging and fushing away fibrous and forcign
material before the meter is returned to service, When ficw
cannot b interrupted, it is desitable to have an alternate meter
run so that the contaminated meter can be removed, in-
spected, and cleaned. In crude oil service and when permis-
sible, it may be desirable to have a hack-flushing systen: that
permits reverse flow for a short pericd 1o remove material
trapped on the turbine blades.

When the size and aumber of meters needed to meet the
tequired station flow rate are determined, the viscosity and
density mustbe considercd. As viscosity tncreascs, the range
of flow over which the meter’s hnearity is acceptable
decreases; therefore, greater meter capacity may be required
to satisfy a given flow rate. As the density of a liquid
decreases, the entire linear portion of the performance curve
moves toward the higher flow ratcs; that is, a liquid with a
density of around (.5 may effectively have the meter over-
ranged by a factor of (.5 times its maximum nameplate
capucity with no appreciable increase in pressure loss.

Because the performance of turbine meters tends to im-
prove with increased size, caution should be exercised before
smaller sizes are selected, especially for erude oil service.
Thus, a simple formula to determine the number of meters
reguired for u specific application cannot be given, Manufac-
turers should be consulted for particular applications.
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'6.6.5.3 INSTRUMENTATION AND ACCESSORIES

Accessory equipment and instrumentation for meters are
discussed in Chapter 5.4, Accessaries widely used in pipeline
meter stations inclade those deseribed in 6.6.5.3.1 Lhrough
6.6.5.3.9.

6.6,5.3.1 Strainers and Filters

Strainers and filters incorporated into pipeline-metering
stations should not be used to clean the streem for quality
improvement. They should be used only to remove solids that
might ctherwise damage a meter or create uncertzinty of
measurcment.

Meters can be protected individually or as a bunk, With
displacement meters, the strainer can be installed immedi-
atelv upstream from the meter, (See Chapte: 5.2.) With tor-
bine meters. the problem of liquid swirl has to be considered.
A pipeline-meter station and a filter or strainer should be
placed well upstream froim the meter run, (See Chapter 5.3.)

Strainers used in crude oil service should be equipped with
a coarse basket Qsually four mesh is suificient} to protect the
mecter-straightening vanc and prover from damage by forcign
material other than sediment and water. "L'he use ot too fine a
mesh cften defeats the purpose of the strainer because the
possible acceleratad accumulation of trash may create exces-
sive pressure diop acioss the strziner, This could lead to
ruptare of the basket or to vaporization of the liquid. Either
of these events affect measiwement accuracy. Therefore, it is
usualty desiruble to monitor the pressure difterentisl across o
baskct with an alarm system or ether suitablc imcuans.

6.6.5.3.2 Water Separators and Water Monitora

Water separators and water monitors aze generally con-
fined to uses in crude oil gathering and airciali [veling sys-
tems. Manitots are sometimes used at initiating meler stations
o: & pipeline when suction is tzken trom crude oil or jet fuel
storzge tanks and when it is practical to prevent water from
entering the system.

In gutherinyg sysiems. a water moaitoris installed upsiream
from the incter 1o suspend shipments to the pipeline automu:-
ically if the water content exceeds 3 pre-set value. This
monifor may be used to prevent waier from cntering the
pipeline oz its storage system

6.6.5.3.3 Back-Pressure Valves

A back-pressure valve shall be installed downstream from
the meter station if the line reststance downstrearm is insuff-
cient to maimain pressure on the sysiem consistently high
enougi to prevent vapol ization at all operating conditions. In
all systemns, adequate back-pressure must ke maintained to
snsure accurate measurement. For turbine matars, the mini-
munn back-pressure should be approximately twice the pres-
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sure drop across the meter at maximum flow rate plus 1.25
times the absolute vapor pressure of the liguid at maximum
operating temperature. (See Chapter §.3,7.3.8.)

‘I'hese approximate rules vary with the appiication. IFor
example, turbine meters generally require more back-pres-
sure than an equivalent displacement meter (in nameplate
capucity) because ol the (urbine meler’s flowpath, which
accelerates the veloeity and thus reduces static pressure that
can cause vaputization or gas telease and subseyuent cavita-
tion. Although back-pressure is a critical requirement for
measurcment, cxcessive back-pressure may result in exces-
sive power costs. A back-pressure valve should be of fail-safe
design. 1t should resist flow as pressure decieases and open
as liquid pressure increases. A flow contro! valve may doubie
as 0 hack-pressure valve when it is placed downzrtream of the
meter.

6.6.5.3.4 Flow Control Valves

It the flow rate needs o be limited through a pipeline-
metey station, the manually or automatically operated control
valve, should be installed downstream trom: the meter 5o that
vapor hreakout occurring in the valve does not affect-imeas-
arement. However, such an arrgngement may imply that the
presswic in and around the metcr manifold would require,
pressure ratings to be one or more levels higher, In the case
of displacement meters. this sitation would considerably
increase the cost of the meters, filters, stramers, and other
accesyories used with them. In the case of wirbine ineters, the
added cost for a higher pressure rating may be lowei, but the
cost of accessories may still be a lactor.

If. for reasons of cost, the flow control valve needs to be
installed upstream from the meter, instzflation should he as
{ur upstream as pructical. In the case of u (urbine meler,
installation of the control valve should be at Isast 50 pipe
diameters upstream (rom the meter. If the action of the control
valve causes vapor breakout, the vapor must be removed from
the stream befare it reaches the meter. Installation of a back-
pressure valve downstreais from the meier may still be re-
quired to maintain pressuie on the meter. {See 6.6.5.3.3.}

6.6.5.3.5 Air Removers

Air removers (air climinators) should be installed
upstream (rom the meter if air or vapors might enfer the
metered stieam and adversely aftect measurement. However,
in most installations, the entrance of air may be more practi-
cally prevented by automatic air-sensing shut-off systems
than by removing the air once it hus enlered the flowing
stream. This iz particularly true of crude nil service.

Alrremovers operate by reducting stream velocity through
ap expansion of cross section. This principle allows entrained
lighter gases to escapc upwards (f the viscosity of the liquid
is DUT tow great w delay or halt the process. A series of balfles
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assists in the separation. As air, gas, or vapor accumulates, a
float valve opens and allows escape.

In a pipeline-meter station, if a high vacuum (negative
head) could possibly exist, a chcek valve should be installed
in vent lines to prevent air being dmwn iinto the air rcmover.
- It is also advisuble in pipeline-meter stations to install onc or
more vent valves ot high points in the station manifolding.
This precaution allows the air to be bled ofT after maintenance
or drain-downs.

6.6,5.3,6 Flow Conditioning

Pipeline-meter stations that nse turhine meters shall have
a flow-conditioning section installed upstream and a recovery
section installed downstream of each meter. See Chapter 5.3
for a full description of the airangement and the details of the
effect of piping configurations on swirl. Flow conditioning is
not usually required in installations where dispiacement
mcters are used.

6.6.5.3.7 Displacement Meter Counters

Frequently, a small-numerat, mechanical, noo-reseliable
totalizer counter thal registers in whole, appropriste units is
used on displacement meters to indicare rctcred throughput.
In additionto the non-resettable totalizer, a mechanical, 1ese(-
table, large-numeral counter that registers in froctions of a
unit (that is, a cubic meter or harvel) for use when proving into
tank-type provers may be included on the meter. The smallest
(ractional increment to be dispiayed on the large-numeral
counter depends on the size of prover used.

Lurge-pumeral, resettable counters may be used wherever
they offer on advantage, provided that indicated volumes of
oil measured are read fiom the non-resellable counter, Large-
numeral counters may be fitted with a monitnr switch that can
be used to polse a remote register or to detect meter failure.
This switch should be operated by the non-resettable counter.
This feature can be valugble at unattended siations.

A high-resalution pulse transmiteer and high-resolution
proving couater are required when proving a displacement
meter with a pipe prover. (See Chapter 4 for details.)

6.6.5.3.8 Turbine Meter Counters

Turbine meters gencrally are connected to one non-
resetiable totalizer counter that reads in whole units per meter
and thet indicates the metered throughput., Additional
counters, such as prover or pel counters, may be added as the
need urises without affecting mneter performance. A discrete
high-resojution pulse-proving counter that is pated by the
prover’'s detector switches is required for proving a turbine

meter. (See Chapter 54 for mformation on counters and

Chapter 5.5 for information on electronic pulse ransmission
systems.}
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6.6.5.3.9 Ticket Printers

Ticket printers arc discussed in detail in Chapter 5.4.
Mechanical and slectsical printers are (he two most common
lypcs- . .

Mecchanical printers arc generally used with displacement

“~melers because they can be coupled directly to the meter's

output shaft and do not require an external power source. A
mechanical printer can also be used with 4 turbine meter, but
in this wrrangement, pulses pencrated by the meter drive a
stepper motor which, in mm, dnves the register and printer.
(See Chapter 5.4.)

Electrical or clectrical-mechanical printers can be used
with either type ot meter, bul they require an electric signal,
generated by the meter, to be electrically coupled to the
_printer, Electrical printers are generally suited to turbine

" meters which dircetly generate electric signals. They are also

used for totalizing a numbcr of meters or for remote seadout.
Although an external power source is required, electrical
printers have the advantage of winimizing torquc on the
meter outpat. {Sce Chapter 5.4 fora further description.) Dual
1ogisters and priaters can be used to facilitate swings from
batch to batch either manually or auwtamatically. Multiple
meter-pulse combinators, temperatum—compensalingféquip-
nent, awd similar devices are discussed in Chapter 5.4. Spe-
cial attention must he given to the instaliation of ¢lectronic
systems {o ensuie that exttaneous pulses are not registered.
Shielded conductors, proper grounding of cquipment, and

shielding arc cssential. (See Chapter 5.5.) u

6.65.4 SAMPLING '

Because pipeline movements are measured in batches or
tenders that may diffor appreciably in liquid propertics (vis-
cosity and deusily), lhe stream interfaces must be sampled to
segprepate balches for meter proving and to assign meter
factors to be applied to each batch. Other aspects of sampling
(for exmnple, detenmining crude cil quality) that requirc
representative samples be taken by proporiioral sampling
techniques are discussed in Chupter 8.

6.6.5.5 PROVING

A pipcline-meter station shall have either a fixed prover,
connections tor a portable prover. or master-meter proving,.
Chapter 4 should be consulted hotorc the proving arrange-
ments for a station are designed. The tour standard methods
ol proving by conventional pipe prover, smali-volume
prover, tank prover, or master-meter prover are described in
Chapter 4. Sec Chapter 12.2 for un explanation of the stand-
ard methods of calculating petroleurn quantities and deter-
mining meter factors, The decisions reached as a result of
design deliberations in 6.6.5.1 and 6.6.5.2 wilt largely deter-
mine the selection of the mnst suwitable meter-proving
systems.



API MPHME%xL.L5 9% EE 0732290 D09ke37? 7T M

8 CHAPTER 6—METERING ASSEMELIES

6.6.5.5.1 Tank Provers

Tank provers have a capitel cost advantage over pipe
provers in fixed installations. In small-capacity or remote
pipeline-meter lncations withount electric power, tank provers
¢in be used for uccurate proving of displacement meters, The
tank prover is not veadily adapted to automation or remote
control. Tank provers have the disadvantage of requiring twc
or three tank fillings per mcter preof. which have 1o be
returned to a line under presswre Reproducible dreinage of
prover tank walls is wlso eriticul. This feature is a farther
disadvantage of tank provers ovel pipe provers and master
meteis.

Tank provels are not suitable [or high-vapor pressure
products becanse the praduct may be lost by evaperation from
an open-tank prover during the prover operation. Tank
provcrs may notbhe suitable for viscous liquids that may not
completely drain from the inner surfaces of the tank prover
during drain-down between proving rumns.

6.6.5.5.2 Conventional Pipe Provers

Conventional pipe provers are readily adapled to antomat-
ion and remote control and are capable of fast, eusy, and
reproducible proving in cither a fixed or prriable arrange-
ment. Conventional pipe provers are relatively expensive. but
if used by a number of small stations in the portable or mobile
maode, their capital cost can be disbursed accordingly. Inmmost
large or new stations, conventivnal pipe provers have ad-
vantages over other mcthods.

A pottable pipe prover can be equipped with its own power
supply. making it uszble at 4 meter stiion where power is not
availabic.

6.6.5.5.3 Small-Volume Provers

Smali-volume provers share the advantages of vunven-
tional pipe provers and, being small. are well ndapted to
portable applications. (See Chapter 4.3 llor detatls.)

6.6.5.5.4 Master-Meter Provers

Master-meter proving 15 used when ather piover methuds
are not practical. Tt is sometimes used as a baczup to the olher
proviag svstems, and with small changes o the staben
manifold, it can bz applied to any existing station. A master
meter can be used in conjunction with a mobiie pipe or tank
prover to prove operating meters at any stalicn.

6.6,5.6 TYPICAL PIPELINE-METER STATION
LAYOUTS

Figure 1 shows a schematic diagram of a typical displace-
ment meter installation, Figure 2 shows a typical turbine
reler installation. The expected measurement conditions of
each installation dictate what options are necessary; not all
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options shown in the schematics may be reguired, and options
notshown may still be required.

6.6.6 Meter Station Operation

This publication 1s intended to assist the designer of a
pipcline-meter siation to select and install the equipment
appropriate to the needs of its proposed operation. Chapters
4 and 5 contaie much information that applics to pipeline-
meter station dosign, selection, and installation, and these
chapters also contuin most of the infoimation affecting their
operation and maintenance.

The operator of a pipeline-meler statton, thercfore, know-
ing the type of liguids involved, the type and size of meters
and proving systems provided, and the range of values of the
principal variuble—ralte, viscosity, temperature pressure, and
density—should review those parts of Chapter 5 that deul
with meter performance, operation, and maintepance, hearing
in mind the considerations described in €¢.6.7.

6.6.7 Meter Performance

Meter performance is 4 general cxprossion and 15 vsed to
indicate how satisfactorily a meter cun vonlinuously measure
the actual volume of liquid passing through it. It is most often
shown as a characleristic or performance curve, which is a
plot of meter Factor versus tute, Becawse a mmeler factor is
applied tc the indicated volume in all pipcline-metering sys-
tems involving liquid hydrocarbons, the usefulness of the
characteristic curve lics inits ability (o show by how much a
meter factor will change with a given change in rate. In-
dividual curves should be made [or each product or grade of
crude oil.

Meier performance cun also be plotied as meter factor
versus any operating paramerer, thai is, viscosity, tempera-
tue., and so foith. However. when the liqud propertics
change significantly (for example. when a new batch or
tender is to he measured), @ new meter factor should be
developed by re-proving, The most common presentation of
meter performance is a plot of meter factor versus rate at
stable operating condirions. Meter proving should be done
frequently if maximum accutacy is essential.

6.6.7.1 NET STANDARD VOLUMES

The custoxly transfer measurement of hydrocacbon liquids
is performed to obiein a quanlity definition that is the hasis
for commercial transactions, This quantity is muost ofien
expressed as a nctstandard volume. Net standard volomes e
volumes corrected formeter factor, for the effects of lempera-
ture and pressure on both the Liquid and the steel of the prover
used o determine the meter Factor, and for sediment and
water content, i1f applicable.

The standard mctheds for calculating a prover's base
volume, a meter tactor, and 2 measurement ticket are detailed
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Figure 1—Typical Schematic Arrangement of Pipeline-Meter Station With Threo Displacement Meters
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in Chapter 12.2. The derivation and calculation of all the
cotrection faclors that enter therein are also described in
Chapter 12.2, Stzndard conditions to which most volumes are
corrected are 60°F and 14.73 pound per square tnch absolute.

66.7.2 METER PROVING

Rcefer to Chapters 4 and 5 for peneral guidelines on meter
proving.

In a pipeline-metering system, additional consideration
should be given to proving the metars each tiine there is a
chunge of product through the metering agscmbly. Other
considerations may include changes in flow rate, temperu-
lure, or pressure that may cause a measurnhle change in meter
factor.

the AMERICAN PETROLEUM INSTITUTE (AFD)
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6.6.7.3 - METER FACTOR CONTROL CHARTS

Anothsr way of plotting o meter's performance is hy
keeping a meter factor control chart for each product or grade

“of crude oil. {See interim Chapter 13.2.) Such a control chart

is essentially a plot of meter factor versus time, that is, &
graphical record of meter factor vaiues over months or years.
Because control charts show valid limits for random distribu-
tion of mctor factor values, they can be used as an aid in
judging the correct frequency of proving and the acceptable
repeatability of values during a proof and alsc in deciding

* when inspectiol or maintenance is nzeded.

A log book of preventive and repair maintcnance should
bc kept at each meter station for each meter 5o that costs and
performance can be compared fiom time to time, A notation
ot the control charts should alse be made.
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Chapter 12—Calculation of Petroleum Quantities

SECTION 2—CALCULATION OF LIQUID PETROLEUM QUANTITIES
MEASURED BY TURBINE OR DISPLACEMENT METERS

12.2.0 Introduction and Purpose

Before the compilation of this publication, which is part
of the APl Manual of Petroleum Measurement Standards,
calculation procedures and examples of calculations were
mixed in with former APl measurement standards dealing
with provers, meters, tank gaging, and so forth. The writing
of the former standards was spread over a period of 25 years
or more; each standard was written by a different group of
persons; and each group was faced with slightly different
requirements. As a result, the calculation procedures lacked
coherence and the interpretations of words and expressions
varied. Because the data was spread over so many standards
comparisons of the finer points of calculations were difficult.

Moreover, when most of the former standards were writ-
ten, mechanical desk calculators were widely used for cal-
culating measurement tickets, and tabulated values were
used more widely than is the case today. Rules for rounding
and the choice of how many significant figures to enter in
each calculation were often made up on the spot. With the
advent of computers and of solid state scientific desk cal-
culators, it soon became apparent, to discerning practition-
ers, that a X b X c was not necessarily tdentical with ¢
X a X borwith b X ¢ x a For different operators to
obtain identical results from the same data, the rules for
sequence, rounding, and significant figures have to be
spelled out. This publication aims, among other things, at
spelling out just such a set of minimum rules for the whole
industry. Nothing in this publication preciudes the use of
more precise determinations of temperature, pressure, and
density (gravity) or the use of more significant digits, by
mutual agreement among the parties involved.

The present publication consolidates and standardizes
caiculations pertaining 10 metering petroleum liquids using
turbine or displacement meters and clarifies terms and
expressions by eliminating local variations of such terms.
The compilation of this publication would not have been
possible even 5 years ago because the metheds and equip-
ment used in dynamic measurement of petroleum liquids
have greatly advanced in the recent past. It is therefore
timely, perhaps overdue; but it is not a denial of former
methods so much as a refinement and clarification of them.
The purpose of standardizing calculations is to produce the
same answer from the same data regardless of who or what
does the computing.

12.2.1 Scope

This publication defines the various terms (be they words
or symbols) employed in the calculation of metered petro-
leum quantities. Where two or more terms are customarily
employed in the oil industry for the same thing, this pub-
lication selects what should become the new standard term,
for example, *‘run tickets,’” *‘receipt and delivery tickets,”
and the like are herein simply **measurement tickets, '

The publication alse specifies the equations which allow
the values of correction factors to be computed. Rules for
sequence, rounding, and significant figures to be employed
in & calculation are given. In addition, some tables, con-
venient for manual as well as computer calculations, are
provided.

12.2.2 Referenced Publications

The following publications are referenced throughout this
publication.

APl

Manual of Petroleum Measurement Standards
Chapter 1, “*Vocabulary™
Chapter 4, ‘‘Proving Systems"’
Chapter 11.1, **Volume Correction
Factors’” (Standard 2540)
Chapter 11.2 (Standard 1101,
Table 1I)
Chapter 11.4.2, (Standard 1101,
Table I)
Measurement of Petroleum Ligquid
Hydrocarbons by Positive Dis-
placement Meter

Sud 1101

NBS!

Handbook 105-3 Specifications and Tolerances for
Reference Standards and Field

Standards

Monograph 62  Testing of Metal Volumetric
Standards

Handbook 91 Experimental Siatistics

*National Bureau of Standards, Washington, D.C. 20234.
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12.2.3 Field of Application

The field of application of this publication is limited to
liquid hydrocarbons having a density greater than 0,500,
measured by & turbine or displacement meter and prover,
including those hydrocarbons that by suitable adjustments
of terperature and pressure are liquids while being meas-
ured. Two-phase fluids are not included (though it may be
found useful in such situations) except insofar as sediment
and water may be mixed in with crude oil (see th= definition
of sediment and water in Chapter 1, **Vocabulary’’).

12.2.4 Hlerarchy of Accuracies

There is an inevitable or natural hierarchy of accuracies
in petroleum measurement. At the top are test measures
which are usually calibrated by the National Bureau of
Standards or a certified laboratory. From this level down-
wards any uncertainty in & higher level must be reflected
in all the lower levels as a bjas (that is, as a systematic
error). Whether such bias will be positive or negative is
unknown; uncertainty carries either possibility,

To expect equal or less uncertainty in a Jower leve) of
the hierarchy than exists in a higher level is unrealistic. The
only way to decrease the random component of uncertainty
in a given measurement system or method is torincrease the
number of determinations and then find their mean value.
The number of digits in intermediate calculations of a value
can be larger in the upper levels of the hierarchy than in the
lower levels; but the temptation to move towards imaginary
significance must be tempered or resisted by a wholesome
respect for realism,

The hierarchy of accuracies in this publication is
structured, in general, as shown in Table 1.

Rules for rounding, truncating, and reporting final values
are given for each ievel of the hierarchy in 12.2.6, 12.2.7,
and 12.2.8, Rounding in this manual conforms to National
Bureau of Standards Handbook 91, Chapter 22, as reprinted
in Appendix D.

12.2.5 Principal Correction Factors

Designation of correction factors by symbols rather than
by words is recommendcd because, first, expressions are
abbreviated; second, algebraic manipulations are facilitated;
third, the similarities of expressions are pointed out subject
only to the particular liquid or metal involved; and fourth,
confusion is reduced as, for example, the difference between
compressibility (F) of a liquid and the comrection factor
(Cw), which is a function of F. There are six principal
correction factors employed in calculations of liquid quan-
tities; all of thern are multipliers, The first comrection factor,
commonly called the meter factor, is defined as:

MF = anon-dimensional value which corrects a volume
as indicated on a meter to the *‘true*’ volume (see

12.2.7).

The next four correction factors are employed in calcy-
lations of liquid quantities. They are needed because changes
in volume from the effects of tetnperature and pressure upon
both the containing vessel (usually made of mild steel) and
upon the liquid involved must be accounted for. These four
correction factors are:

C, (or CTS) = the correction factor for the effect of tem-
perature on steel (12.2.5.1).

C,e (or CPS) = the correction factor for the effect of pres-
sure on steel (12.2.5.2),

Cq (or CTL) = the correction factor for the effect of tem-
perature on a liguid (12.2.5.3).

Ca (or CPL) = the correction factor for the effect of pres-
sure on a liquid (12.2.5.4).

While the customary subscripted notation is used in this
publication, the allowed upper case notation is needed for
computer programming and is convenient in typing.

Finally, there is a correction factor C,. (which is never
greater than 1.000) for accounting for the presence of sed-
iment and water in crude oil (see 12,2,8.4).

Additional subscripts may be added to the symbolic no-
tations above to make it clear to what part of the measuring
apparatus it applies, namely “‘p*’ for prover, ‘'‘m’’ for meter,
and **M”* for measure.

In the worked examples given in this publication, and in
the standard calculating procedures recommended, the above
six correction factors are applied in a set sequence:

MF! C\u C]m Cus Cph Ciw

All multiplication within a single operation must be com-
pleted before the dividing is started,

12.2.5.1 CORRECTION FOR THE EFFECT OF
TEMPERATURE ON STEEL, C,

Any metal container, be it a pipe prover, a tank prover,
or a portable test measure, when subjected to a change in
temperature will change its volume accordingly. The volume
change, regardless of prover shape, is proportional to the
cubical coefficient of thermal expansion of the material of
which the container is made. The correction factor for the
effect of temperature on steel is called C,,, and it may be
calculated from:

Cy = ‘1 + (T — 60)y 0

Where:
T = temperature in °F of the container walls.
v = coefficient of cubical expansion per °F of the material
of which the container is made.

01 Y the Amorican PeUuloum stituts
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Table 1—Hierarchy of Accuracies e -

Correction Factors Volumes, Temperature
end Intermediate Significant Discrimination,
Paragragh Level Calculations to Digits 1o at least, °F
12,2.6 Prover calibration 6 decimal places® 5 0.1
12.2.7 Meter proving 4 decimal places 5 0.5
12.2.8 Measurement tickets 4 dccimal places } 5 1.0

* Yalues are not valid beyond four decimal places for the purpose of correcting volumes to 60°F. However, for
correcting for small lemperature differences between a meter and a prover, linear interpolation to more decimal

places is acceptable.

Thus C, will be greater than 1 when temperature T is
greater than 60°F and less than 1 when temperature T is less
than 60°F.

The value of v (gamma) per °F is 1.86 X 16~ (or
0.0000186 per °F) for mild or low carbon steels and falls
in a range of values from 2.40 to 2.90 X 10-% per °F for
Series 300 stainless steels. The value used in caiculation
should be that found on the report from the calibrating
agency for a test measure or from the manufacturer of a
prover. Tables of C, values against observed temperature
wiil be found in Appendix A of this publication. Values for
Series 300 stainless steels are based on the mean value of
2.65 X 10-3 for gamma.

When the volume of the container at standard temperature
(60°F) is known, the volume (V) at any other temperature
(I) can be calculated from:

Vi = Vg X Cy €3

Converscly, when the volume of the container at any
ternperature (T) is known, the volurne at standard temper-
ature (60°F) can be calculated from:

Vo = VG, 3)

12.2.5.2 CORRECTION FOR THE EFFECT OF
PRESSURE ON STEEL, C,,

If a metal container such as a tank prover, a pipe prover,
or a test measure is subjected to an intemnal pressure, the
walls of the container will stretch elastically and the volume
of the container will change accordingly. While it is rec-
opnized that simplifying assumptions enter the equatjons
below, for practical purposes the correction factor for the
effect of internal pressure on the volume of a cylindrical
containcr, cafled C,,, may be calcuiated from: )

Cp = 1 + (PDIEY) )

Where:
P = internal pressure, in pounds per square inch gage.
D = internal diameter, in inches (outside diameter minus
twice the wal} thickness).
E = modulus of elasticity for container material, 3.0

r

X 107 pounds per square inch for mild steel or 2.8
to 2.9 x 107 for stainless steel.
¢t = wall thickness of container, in inches.

A table of C,, values for specific sizes and wall thicknesses
of mild steel pipe provers and pressures may be found in
Appendix A of this publication. When the volume of the
container at atmospheric pressure is known, the volume at
any other pressure (P) can be calculated from: o

Vo = Vima X Cp (5)

When the volume at any pressure P is known, &:clpqu.iv-
alent volume at atrnospheric pressure can be calculated from:

Vemn = Vy/Co ©

12.2.5.3 CORRECTION FOR THE EFFECT OF
TEMPERATURE ON A LIQUID, C, :

If a quantity of petrolenm liquid is subjected to aji:hangc
in temperature, its volume will expand as the temperature
rises or contract as the temperature falls. The volume change
is proportional to the thermal coefficient of expansion of
the liquid, which varies with density (API' gravity) and
temperature. The comrection factor for the effect of tem-
perature on a volume of liquid is called C,. Its values are
given in Tables 6A, 6B, and 6C, which may be found in
11.1 of this manual. Tables 6A, 6B, and 6C are used when
the API gravity is known and lies between O°API and
100°API, 100°API corresponds to a relative depsity of
0.6112. If the relative density is known Tables 24A, 24B,
and 24C should be used, or Table 24 (AFI Standard 2540)
for lower relative densitics. .

When the volume of a petroleum liguid is known at any
temperaturc (7}, the equivalent volume at standard temper-
ature (60°F) can be calculated from:

Vﬂ) = V-r x Cu (7)

When the volume of a petroleum liquid is known at 60°F,
the equivalent volume at any temperature T can be calculated
from:

Vi = Ve/Cy (8)

, -
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12.2.54 CORRECTION FOR THE EFFECT OF
PRESSURE ON A LIQUID, C;

If a volume of petroleum liquid is subjected to a change
in pressure, it will decrease as the pressure increases and
increase as the pressure decreases. The volume change is
proportional to the liquid’s compressibility factor F, which
depends upon both its relative density (APT gravity) and the
temperature. Values of the compressibility factor F for
hydrocarbons will be found in Chapter 11.2 of this manual.
The correction factor for the effect of pressure on a volume
of petroleum liquid is called C,, and can be calculated from:

1
=T - PoF ®
Where:

P = pressure, in pounds per square inch gage.

P, = equilibrium vapor pressuze at the measurement tem-
perature of the liquid being measured, in pounds
per square inch gage. P, is considered to be O for
liquids which have an equilibrium vapor pressure
less than atmospheric pressure (14.73 pounds per
square inch absolute) at measurement temperature.

F = compressibility factor for hydrocarbons from Chap-
ter 11.2 of this mannal. The value of F for water
is 3.2 X 10~¢ per pound per square inch.

When P_ is 0, Equation 9 becomes:

1

= _(l PR ' (10)

Co

When P, is greater than 0, Equation 9 must be used.
Values of P, for densities between 0.500 and 0.512 are
found in Chapter 11.2,

Note: A convenient way of determining P, while proving a meter against
a pipe prover is to proceed as follows:

1. Upon conclusion of the last proving run, stop flow through the pipe
prover and isolate it from the flowing lines by snutting the appropriate
valves. )

2. Reduce pressure on the pipe prover by bleeding off liquid until the
gage pressure staps falliog, This will tmply that a vapor space has been
created and that the liquid has reached its equilibrium pressure. Shut the
bleed valve, and read P, on the gage, making a record of the temperature
at the time. ’

This procedure may be used for determining P, for liquid mixtures that do
not conform with published charts showing P, values plotted against the
tempernlure or Bs @ routine procedure.

When the volume of a low vapor pressure liquid is known
atany pressure P, the equivalent volume at standard pressure
(0 pounds per square inch gage) can be calculated from:

Vo=V X Gy (11)
When the volume of a low vapor pressure liquid is known

at 0 pounds per square inch gage, the equivalent volume
at any pressure P can be calculated from:

Ve = Vo/Cy (12)

When the volume of high vapor pressure liquid is known
at any measurcment temperature T and pressure P, the
pressure correction is done in two steps. The equivalent
volume at such liquid’s equilibrium pressure P, at meas-
urement temperature can be calculated from:

V, 8T = V, X C,j (13)

In this equation C,, is calculated from Equation 9. When
this volume is in tum temperature corrected to 60°F using
Equation 7, the value of C, taken from the appropriate table
also corrects the volume for the change in pressure from P,
at measurement temperature, to equilibrium pressure at the
standard temperature of 60°F. It should be noted that while
P, at measurement temperature T may be higher than stand-
ard atmospheric pressure (14.73 pounds per square inch
absolute), equilibrivm pressure at 60°F may have fallen to
aumospheric pressure or less. As noted under Equation 9,
“the distinction between a low vapor pressure liquid and a
high vapor pressure liquid depends on whether its equilib-
rium pressure is less or.greater than atmospheric pressure
at measurement temperatiire,

12.25.5 COMBINED CORRECTION FACTOR
(cch)

The recommended method for comrecting volumes by two
or more correction factors is to first obtain a CCF (combined
correction factor} by multiplying the individual correction
factors together in & set sequence, rounding at each step.
Only then multiply the volume by the CCF. The set sequence
is MF, C,, Cu, Cy, Cy, and C,,, omitting any unused
factors.

12.2.6 Calculation of the Volume of
Provers

12.2.8.1 PURPOSE AND IMPLICATIONS

The purpose of calibrating a prover is to determine its
base volume. The procedures to be nsed are described in
Chapter 4, Sections 2 and 3, of this manual.

Base volume is expressed in barrels or gallons, both of
which are multiples of the cubic inch. Whereas the cubic
inch does not vary with temperature or pressure, the volume
of a metal prover does vary, Therefere, the statement of the
base volume of a prover or volumetric standard has to
specify standard conditions, namety 60°F and atmospheric
pressure.

12.2.6.2 FIELD STANDARDS

Field reference standards, which are described and dis-
cussed in Chapter 4, Section 1, are usually calibrated by
the Nationa! Bureau of Standards or by an approved labo-

-l g?322490 0057119 ?r |
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ratory. Their reported volumes are expressed either in cus-
tomary or metric (SI) units at standard conditions. The
lastest edition of National Burcau of Standards Handbook
105-3 may be consulted for details of construction, cali-
bration, and so forth. ’ i

12.2.6.3 RULE FOR ROUNDING—PROVERS

In calculating a prover volume, determine individual
correction factors to six decimal places by using the appro-
priate formula; interpolation will be required for Cy. Record
the combined correction factor {CCF) rounded to six decimal
places. Multiply the sum of the measured voiumes, each
of which has been individually adjusted to starting temper-
ature, by the CCF, and report the base volume so determined
to five significant digits. Round the corrected individua}
withdrawal volumes to the same number of significant digits
as the uncorrected volumes.

12.2,6.4 CALCULATION OF BASE VOLUMES

The procedure for calibrating pipe provers will be found
in Chapter 4, Section 2. The following subsections,
12.2.6.4.1 through 12.2.6.4.4, specify the calculation of
the base volume of a pipe prover calibrated by the water
draw method.

]
i

12.2.6.4.1 Initlal Step

During the calibration of a pipe prover, the temperature

and pressure of the water in the prover at the start of
calibration are observed and recorded. Likewise, the tem-
peratures of the individual withdrawals into field standards
are observed and recorded.
NOTE: At this paint attention is drawn to & long established practice detailed
in API Standard 1101, Paragraphs 2123 to 2125, that no correction for
C,y nieed be applied in calculating base volume by the water draw method.
Such practice is velid only when the prover and the field standard test
measures are made of the same material and then only if the lemperature
in the prover differs by tess than 3°F from the temperature in the test
measures. Appendix B of this chapier details the comrections required under
other conditions and gives an example to illustrate the type of emror which
can result if these corrections are neglected.

A.  GENERAL INFORMATION
Calibration report no.

Prover dimensions _{0" pipe. 0.365" wail

Meta| mild steel

Date

B. FIELD STANDARDS (TEST MEASURES)

1. Nominal sizes, gallons .........cooiviiiiniinineninionn..

12.2.6.42 Corrections Applied to Measured
Volumes

In the water draw calibration procedure,:the volume
observed in the field standards must be subjected to certain
comections in order to determine the base volume of the

" prover (see Equation B1, Appendix B). The final subscripts

mean **p** for prover and **M’’ for measure.
Thus, the following steps are performed:

1. The volume of water in a fieid standard must be corrected
for the effect of temperature and pressure on the liquid to
determine what volume the water occupied when it was ‘in
the prover; this is done by multiplying the volume by Com,?
the value for which can be found in Chapter 11.4.2, and
dividing by C,,, the value of which can be computed from
Equation 10 using F for water.

2. The volume so determined must then be corrected for
thermal expansion of the ficld standard sheil at the measuring
temperature by multiplying the certified volume by C, (see
Equation 3).

3. Finally, the measured volume of the prover so calculated
must be corrected for both temperature and pressure effects
on the prover pipe in order to obtain the base volume, which
is the equivalent volume at standard conditions. These cor-
rections require dividing by C,,; and C.y, respectively. In
calculating the values of C,,, and C, the physical charac-
teristics of the prover metal must be known. Because an

accuracy greater than | part in 10,000 is desirable in prover

base volumes, determine all correction factor values to six
decimal places. In practice, when several test measures are
filled, the calculation is performed acccrding to Equation
B6 in Appendix B in the manner specified in the following
example (12.2.6.4.3).

12.2.6.4.3 Example Calculation for a Pipe Prover

The form or record used for a water draw calibration of
a pipe prover must make provision for at least the information
shown in Figure 1. The values shown are for example only,

1 C,y is defined a3 -the comection for the temperature difference of the
water in the test measure and in the prover; this is nol the same as C,
which corrects to 60°F rather than to prover emperature.

Prover serial no.
Prover type unidirectional
Prover location
Calibrator's name -

25 50

Figure 1—Example Calculation for a Pipe Prover (Continued on Page 6)
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2, Volume, cubicinches .,.....c...oieveeiiiniiniiennninnane, 5775.81 11551.80
3. Serialnumber ..... ... .. i i P m - n

C. OBSERVED VALUES

4, Starling average prassure in prover, pslg ......... N 4/
5. Starling average temperature in prover, °F ... .. .. ...l 8.0
Fill number ,............ Parerrenas ! 2 3 4
Flold standard used _.............. m n n n
6. Reported volume ................. 5775.81 11551.80 11551.80 11551.80
7. Scate reading
above Z8ro ... ...uiiiiiee i —_ +37.5 +32.5 +3.0
below 260 .........ocoiviinans - L0 — — -
B. Measured volumes
(Line6 + Line?) ......ooevvvnnnns 5774.81 11589.30 11584 30 1155480
9. Withdrawal temperature, °F ........ 82.0 82.0 §2.8 84.0
10. Change from starting temperature
{(Lineg - Line8) ................. 0 0 +0.8 +2.0
11. Volume adjustment for temperature
difterence of watar
(Chap. 11.42) .......ovuiireiinnn 1.000000 1.000000 0.999564 0.9996.70
12. Volume adjusted to starting tempera-
ture
(Line8 x Line11) ................ 5774.81 1158%9.30 11582.72 11550.99
13. Sum of adjusted volumes, cubicinches: ................cc0000, 40,497 .82
D. CORRECTIONS NEEDED TO CALCULATE BASE VOLUME
14. Cgyfor test measures at mean welghted temperature of 82.8°F (see 12.25) ........c..... 1.000424
15. Cy,forproveratB2°F .................. e D R 1.000409
16. C.., for metal of provar at 41 psig (800 1222.52) ........cvvviivnniniivrannens, verenens 1.000038
17. G for water in prover at 41 psig (see 12.2.5.4, Equation 10) ..................,..... .. 1.000131

E. BASE VOLUME
if the change from starting temperature {Line 10) weighted for all runs is 3°F or greater or if the metals of the prover and the test
measura(s) are not the same, include C, for both test measures (Cy,) and prover (Cy.,).

_ Couf{14}
Base volume = Sum of adjusted volumes (Line 13) x [C..,HS) X C(16) C,.,,(17):|

40,491.58 cuble inches a8t 60°F and O pslg=  175.2882 gallons
4.17353 barrels
It the change from starling temperature (Line 10) weighted for all runs is 3°F or less and the metal of the test measure(s) Is the same

as that of the prover use the following equation:

1
Couel16} X Cu(17)

NoTe: In this worked example, even though the welghted average withdrawal temperature (82.8°F) is
lass than 3°F different from the starting temparature (82.0°F), corrections for C, to both test measures
and prover have baen made in order to show how they are appliad to calculate the base volume
regardioss of what starting and withdrawal temperature may have been (see 12.2.6.4.2). In this
example, correcting for C, alters the resuft by one part in one hundred thousand. Leaving it out would
have the same insignificant effect.

Base volume = Sum of adjusted volumes {Line 13) x

Figure 1—Example Calculation for a Pipe Prover (Continued)

and because the difference between starting prover temper- means the field standard(s) used. The example is limited to
ature and field standards temperature is small {less than 3°F) one determination, although at least two are required,

use of the simplified method (see 12.2.6.4.1) is warranted.
€, corrections can be neglected, but they are included in 12.2.6.4.4 Rounding of Reported Values

the example for illustration purposes. The word ‘‘measure’ The base volume of a prover as computed cannot be more

AT by e American Peiroleam Bttt
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accurate than the volumes of the field standards employed
in its calibration, and because of accumulated experimental
uncertainties in the calibration process, it will be somewhat
less accurate, Experience shows that five significant figures
in a computed value, such as the bass volume of a prover,
is the best that can be expected. Thus, the calculated base
volume in the example in Figure 1 sheuld be rounded to
five significant figures showing 4.17353 as 4.1735 barrels;
175.2882 gallons as 175.29 gallons; or 40,491.58 cubic
inches as 40,492 cubic inches.

12.2.6.4.5 Example Calculation for a Tank Prover

The form or record used for a water draw calibration of
atank prover must make provision for at least the information
shown in the example in Figure 2.

It is assumed that this is a field recalibration; that the top
and bottom necks do not need recalibration; that any small
adjustments to the top or bottom zero marks will be made
by sliding the reading scales up or down as needed, and
that both scales will then be rescaled.

1t is further assumed that the difference between starting
temperatures and withdrawal temperature is kept small (less
than 3°F} so that the C,, for the measures and tank correction
can be omitted (see note in 12.2.6.4.1). Since the tank
prover is at atmospheric pressure, no pressure comection for
either liguid or prover tank sheli is required.

The calibration run must be repeated, and if the two runs
after correction for temperature agree within 0.02 percent
(in this example withiz 0.200 gallon) the mean value of the

A, GENERAL INFORMATION

Calibration repori no.
Praver type Open siatipnary tank (top & bottom gage glasses)

Metal _ mitd steel

Date

B. FIELD STANDARDS

two nuns becomes the calibrated volume of the prover at
60°F. .

The total of the values in Column 6 of Figure 2 is
1001.561 gallons, which is at 80.7°F, Each withdrawal has
been corrected to 80.7°F by the correction factor shown in
Column 5. Since the field standards and the prover being
calibrated are made of the same material (mild steel) and
the weighted temperature difference is not greater than 3°F,
no further correction is needed to bring the calibrated volume
of the prover to 60°F, as the certified volumes of field
standards were adjusted to 60°F at the time of their cali-
bration. If the reading on the top neck was, for example,
1001.G00 gallons at the start of calibration and as the true
volume is now known to be 1001.561 gallons, the top scale
will have to be moved downwards 0.561 gallons. If the
neck contains 1 gallon per inch (which is usually the case)
the top scale will be moved downwards 9/§6 or 0.563 inch.?
An alternative would be to move the zero mark on the
bottom neck scale upwards by 9/16 inch. Both scales should
be resealed afterwards.

12.2.6.4.6 Rounding of Reported Values

The volume of a tank prover between top reading marks
and bottom zero mark in this example was adjusted to 1001
gallons, Applying the five significant figures rule exptained
in 12.2.6.4.4 requires that the calibrated volume be reparted -
as either 1001.0 gallons after adjustment or 23.833 barrels. -

3 Using a conventionally scated foot rule, and knowing that 17/32 inch

= 0,5313 inch and 9/16 inch = 0.5625 Inch, the iatter is as close as scale
and meniscus reading will allow to be schieved. s

Prover serial no.
Provar location
Nominal capacity
Callbrator's name

1. Nominal sizes, gallong . .........c..oiiiiirariniiia e 30 1
2. Delivered volume, gallons ............oveeiieiiiiiiian 49985 0.997
3. Serainumber .. ... e, m n
C. OBSERVED VALUES
4. Prover starting temperature, top, °F ...l 80.8
5. Prover starting temperature, middle, °F .................... 80.6
6. Prover starting temperature, bottern, °F ............ ... 80.6
7. Prover starting temperaliure, average, "F ................... 80.7
Figure 2 ~ Example Calculation for a Tank Prover (Continued on Page 8)
ab— —
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D. CORRECTIONS

J ov3z290 oos7ae: ﬂil_

1 2 3 4 5 6
Volumetric Field Standard
Correction Volume at
Factor Prover
Withdrawal Volume Temperature °F r Cow Temperature

1 49.985 80.6 -0.1 1.000015 49.986

2 49.985 80.6 -a.i 1.000015 £9.986

3 49.985 80.6 -0.1 1.000015 49.986

4 49.985 80.7 —_ 1.000000 49955

5 49.985 80.7 — 1.000000 49.985

6 49.985 80.8 6.} 0.999954 49.984

7 49.985 8.0 0.3 - 0.999952 49953

8 49,985 81.1 04 0.999936 49.982

9 49.985 81.1 04 0.999936 49,982

1o 49.985 81.2 0.5 0.999920 49.981

i 49.985 81.3 0.6 0.999904 49.980

i2 49.98% : 814 0.7 0.999588 49.979

13 49.985% 81.5 08 0.999872 49.979

i 49.985% 81.7 1.0 0.999840 49.977

15 49.985 82.0 13 0.999793 49.975

16 49.985 82.4 1.7 0.999730 49.972

17 49.985 82.5 18 0.999714 49.971

18 49,985 &3.0 2.3 0.999635 49.967

19 49.985 83.4 24 0.999619 49.966

20 49.985 83.5 28 0.999555 49.953

21 0.997 84,0 3.3 0.99%473 0.996

22 0.997 84.0 33 0.999473 0.996

1001 561

8. Sum of temperature adjusted field standard volumes ........ 100! 561
9. Finallowergagereading ..........cooiiiiiiicniarnnnnnan. [
10. Welghted mean withdrawal temperature, °F ................ 81.6
11. Change from starting temperature (Line 10 — Line 7) ....... <IF

E. CALIBRATED VOLUME
13. The gensral formula for calibrated volume is:
Callbrated volums = Sum of adjusted volumes x Cou

12, Catibrated volumse = 1001 .561 x 1

Cup X G X Gy,

Note: Calculations for C,, and C,, are shown even though i makes no difference In the calibrated
volume to five signiftcant dighs. It doss demonairate to he user what he musi do If he has temperature

differences greater than 3°F or dissimilar metals,

Figure 2—Example Caiculation for a Tank Prover (Continued )

12.2.6.4.7 Example Calculation Using the Master
Meter Method -

The procedure for calibrating a pipe prover using the
master meter method will be found in Chapter 4 of this
manual.

The first step is to prove the master meter in the liquid
selected for the prover calibration. In this example a dis-
placement meter is used, proved against a tank prover. A

turbine meter calibrated against a pipe prover may be em-
ployed equally well, provided it is not removed from the
manifolding of which it is a part at the time of its proving.
The flow rate through a master meter, while it is being used
to calibrate a prover, should be held within about 2.5 percent
of the rate at the time of its proving. An alternative method
is to develop an accuracy curve and read off the meter factor
for the rate observed during the calibration,

1t by the American PeD ute
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The form or work sheet used to record data and calcu- calibration run is shown in Figure 3 although five runs are
Iations should provide for at least the information shown desirable in such a calibration. :

in Figure 3. Only one worked example of a master meter

STEP 1 Proving of the Master Meter
A. GENERAL INFORMATION

Proving repor no. Date Time

Liquid _mator gasoline at 60.5°AP! Rate _ 715 barrels per hour

Operators name Witnass

B. MASTER PROVER INFORMATION

1. Caliprated volume, DaFTEIS . ... our et iin e i ia e iieatra i baaainanraas 20.427
2. Prover starting temperature, top, F ... o s e e 736
3. Prover starting temperature, middle, °F ......... et aarrearaar e 73.6
4. Prover starting temperature, bottom, *F . ... .. it v 734
5. Prover starting temperature, average, ®F .. ..... . ieiiiiiini it iis s 73.5

Note 1: For a gravity cf 61° AP (that is, 60.8° rounded) Table 6B of Chapter 11.1 gives values for 70°F
and BO'F of 0.9931 and 0.9862. Thus the average increment per *F for this span is 0.00068, so for
73.5°F the six digit value will be 0.990685 as shown In Line 9. (See Note 2.)

6. Prassure, pounds per square INCRGAGE .. .......iuanrinuiateateasisnsnrnantestnnans 0 )
7. Cupforprover (880 12.2.5.1) ... cvvriiiiiiinr e it it iar e 1.000251 T
B. Cpup fOr prover (888 12.2.5.2) .. .iuuutvivnirnriiineniinnnianvaeissiisnsmrnunenennrnas 1.000000
9. Coforprover (880 12.25.3) ......iiiiiiniine it ii st et cei i 0.990635
10. Co forprover(see T2.25.4) ... .. iiiiiniiii i it isr e et iraiensaniaas 1.000000
11. CCF, for master prover (Line 7 x Line 8 x Line @ x Line 10) (see 12258.5) ._.......... 0.990934
12. Corrected master prover volume, barmels .. ... ... . .o it et iie e, 20.241809

C. MASTER METER INFORMATION

13. Closing reading, bamels 1........coiiiiiiiiii i e e e e 14683492
14, Opening reading, Darrels ... i i iiii i e e e an 14663.155
15, Indicated meter volume . ...... ... ... oottt i it aaas 20.137
16. Temperature of metered stream, *F ... ... .. it i i e e 734
17. Pressure in mater, pounds per square inch ...... e e ia e 40
18, Can lor MBEr (880 12.2.5.3) ..ot ii i trii ittt i s st et ainansarentratenrioarinns 0.990754
19. Cunformetar (588 12.2.5.4) ... .. oo i i ettt eas 1.000328
20. CCF,, (Line 18 x Line 19) for master meter (see 12.255) .........cocviviiiiiiineiinas 0.991079
21. Corrected master meter volume, barrals (Une 15 X LINB20) ........coviviiiiiiinaninns 20.155574

D. METER FACTOR
Mater factor = Line 12 + Line 21
= 1.004278 for this run

Nores:

2. As this example is for an open tank prover, the pressure is 0 pounds per square inch gage so C,,
and C,, are unity. i a pipe prover is employed, these factors would have other valyes.

3. Six d decimal places in a C, value are not valid for correcling a velume to 60°F. But six decimal
places tor correction lactors may be employed for correction within a small temperature range such
as exists between a prover and a mater. The six decimal places are detsrmined by linear intarpolation
within a 10°F span, selected from Table 68, that includes both C, and Co.

4. The meter factor to be used in the calibration should be the average for all runs made thal mest
the repeatability requirements in Chapter 4.

STEP 2 Callbrate the Pipe Prover

A, GENERAL INFORMATION
Nominal or expected prover volume, Bamels ...........cc.civreennivnerniranieneennnns 40

Figure 3—Example Calculation Using the Master Metsr Method (Continued on page 10)
i
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Plpe 8lze, INChES .\ .. iviiiierieaiinetineiesan i rriaesiiiarasctarriensranss 18

Wall thickness, INCHBS ... ..coriir i i et a i tsars e ir s s ssrannrns 0.375

Gravity of liquld used, "APl ........... e sereieaa e Seasrraisesasrenn G0.8

Flow rate when master meter was proved, barrels per BOUr ... .c.vvviiiianinnersnenens 715

Tolerable + 2% percent How raB TANES .. .......iiiiiirneiniiorasaioiniitoaicnnrien 697 to 733
B. PIPE PROVER INFORMATION

Data from five runs may be averaged for Lines 22 and 23 and the base valume In Part D,
22, Tempearatlrg, *F ...ttt ieeiiie i e e iy 75.1
23. Pressure, pounds per square inchgage ........ b e e e e i ” loo
24. G, forpipe prover (800 12.2.5.3) ..vvu i i e 1.000281
T I (T T = 1.000136
26, Cpp (380 12.2.5.3) ouuiiiianrin e ae e e e e aaes 0.95958}
27. G (800 12.254) .. .civvninniirirvaiinnn, e r et ii b aeearnerra e isr s 1.00082!
28, CCF for pipe prover (Line 24 x Une 25 x Lina 26 x Line 27) 0.990807
C. MASTER METER INFORMATION
28, Rato, bamela/four ... e e i es et ae ey 705
30, Temperaturs, °F ...... .o ivvire i i b e s ae e s e e e 75.6
31. Pressure, pounds persquare inCh Gage .......vviiiiriiiiei ittt i i 75
32. Closingreading .................. Pt i s 15226.727
e T T e I =T T 1 o ves 15186.254
34. Indicated meter volume, barrels (Line 32 — Line 33) ... ... ittt iinniiirenas 40473
35. Master meter factor (see Note &) ..............o0eiu AP errererraeiiraians 1.004284
36. C,formeler(see 12.25.3) ............... e rereresERaeriirate i e an s inasrrares 0.989236
37. Cunformeler (Se@ 12.2.5.4) ... ..o it ittt i iir i tecn et et 1.000623
38. CCF,(Line35 x Line36 x Line37) ......... e e e e aa e aaca s 0.954093
39. Comected master meter volume, barrels (Line 34 x Line38) .................. Creraneas 40.233926
40. Volume of prover, this run, barrels (Une 39 + LINB28) ..........iviviivniniiuieninennns 40.607228
. BASE VOLUME

Base volume of pipe prover, barrels, at standard conditions {see Note €6} ................ 40.609

NOTES:

5. Master meter factor (Line 35) does not agree with the value shown ior one run In Step 1 Saction
D as It is assumed that the value used (Line 35) is an average of more than ane run. .

6. Base volume of pipe prover (D) does not agree with value for one run (Line 36) as it is assumed
that at least five runs have been made and averaged. Also base volume to be reported should be
reahstic; that is, it should be rounded to fiva significant figures {see 12.2.6.4.2). Any theoretical sacrlfice
of accuracy that thls may entall Is largely imaginary and is offsst by the advantage of having a standard

method of calcutating and reporting values.

Figure 3—Example Calculation Using the Master Meter Method {Continued)

12.2.7 Calculation of the Meter Factor
12.2.7.1 PURPOSE AND IMPLICATIONS

Some custody transfers of liquid petroleum measured by
meter are sufficiently small in volume or value, or are
performed at essentially uniform conditions, so that the
meter can be mechanically adjusted to read within a pre-
determined accuracy. Examples would be retail measure-
ments and some bulk plant measurements into and/or out
of tank wagons. However, in most large scale custody
transfers when a single meter is used to measure several
different liquids or to measure at several different flow rates,

meter adjustment for each change is impracticable. In such
service, accuracy can be achieved by leaving the calibrator
setting undisturbed and sealed, using a dummy calibrator,
or dispensing with the calibrator entirely and determining
within narrow limits a meter factor for each operating con-
ditton. Thus the purpose of determining a meter factor is
to ensure accuracy of measurement by batch, regardless of
how operating conditions change with respect to density
(gravity), viscosity, rate, temperature, pressure, or lubri-
cating properties, by always proving the meter under the
specific operating conditions encountered. If any one of the
specific operating conditions changes significantly, a new
meter factor should be obtained by re-proving the meter.

At by b ARErican Py Troleus SUTITE
v 24 125807 2600



MPMS 12.2-=81

SECTION 2—MEASURED BY TURBINE OR DISPLACEMENT METERS iAl

TS S E——————

The definition of meter factor as given in Chapter 1 of
this manual is:
Meter factor—A number obtained by dividing
the actual volume of liquid passed through a
meter during proving by the volume registered
by that meter.

From the definition it is clear that:

Actual meter
throughput at
operating conditions

= Indicated volume X MF (14)

During proving, the temperature and pressure existing in
the prover and in the meter are significant in calculating a
meter factor. This is so because the actual volume of liquid
passed through the meter during proving must be determined
indirectly from a knowledge of the exact volume measured
in the prover. This calculation involves pressure and tem-
perature differences between the prover and the meter. As
a result, standard measurement practice is first to correct
the volume of the Iiquid in the prover to standard conditions
{60°F and equilibrium pressure) and then also to correct the
indicated volume during proving to what it would have been
if the meter had operated at standard conditions.

Thus, in practical terms:

Volume of liquid in the prover
carrected to standard conditions

B Change in meter reading corrected
to standard conditions

MF (15}

It must be emphasized that a meter factor thus calculated
is valid over a range of operating temperatures and pressures
limited only by the consideration that the temperature and
pressure during metering should not differ from the tem-
perature and pressure during proving sufficiently to cause
a significant change in the mechanical dimensions of the
meter or in the viscosity of the metered liquid. Whether the
differences are significant for a specific application can be
determined by re-proving. In the application of meter factors
to measurement tickets (see 12.2.8), the concept of a '*val-
ume at standard conditions’” arises only because bulk cus-
tody transfers are measured in volumes which must be
converted to a quantity represented by an equivalent volume-
at-standard-conditions.

Thus:
Actual metered — Indicated x MF (16)
volume volume
and
Actual metered Indicated
quantity = volume X MF X Cum X CGua) (17)

Cim 8nd Cu. are the appropriate correction factors for de-
termining the equivalent volume at standard conditions from
a measured volume at metering conditions.

-~
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In sotoe metering applications, the variables MF and C,p,
in Equation 17 are combined into a ‘“‘composite meter
factor,’’ When such a composite meter factor is applied to
the indicated volume of a temperature compensated meter
(which automatically applies Cy,), the metered guantity in
barrels at standard conditions can be obtained by multiplying

It is important not to confuse a standard meter factor
(Equation 15) with a composite meter factor. They are not
interchangeable.

12.2.7.2 HIERARCHY OF ACCURACIES

Meter factors fit into the hierarchy of accuracies between
calibrated prover volumes (12.2.6) and calculation of meas-
urcment tickets (12.2.8). Thus temperature readings for
proving should be averaged and then rounded to the nearest
0.5°F. Pressure readings for proving should be averaged
and then rounded to the nearest scale division, a pressure
gage with its appropriate range having previously been
selected.

12.2.7.3 RULE FOR ROUNDING—METER
FACTORS

In calculating a meter factor, determine the numerator -
and denominator values separately, with each rounded to
at least five significant digits. In intermediate calculations
determine individual correction factors to four decimal
places. Multiply individual correction factors together,
rounding to four decimal places at each step (for each
nemerator and denominator), and record the combined cor-
rection factor (CCF) tounded to four decimal places. Divide
corrected prover volume by comected meter volume, and
round the resulting meter factor to four decimal places.

12.2.7.4 CALCULATION OF THE METER
FACTOR USING A TANK PROVER AND
A-DISPLACEMENT METER

In calculating a standard meter factor use Equation 15.

Determine the numerator by reading the upper gage glass
of the tank; the indicated volume should be recorded to the
nearest thousandth of a barrel. If the bottom gage glass was
not at zerc before the proving nun was started, its reading
must be added to or subtracted from (as the case may be)
the upper gage glass reading, and the algebraic sum recorded
as the indicated volume.

To calculate a meter factor, both prover and meter vol-
umes must be in the same units. If the meter registers in
barrels, record to 0.001 barrels, or if in gallons to the nearest
0.01 gallon, or to five significant digits. Read all prover

J 0732290 oos7iee ul'
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A, GENERAL INFORMATION
Proving report no.

AP gravity _60.8
Meter no.

Prover locatlon

Date and time

DATA FROM PROVER TANK

=

P END O E® D

C. DATA FROM METER

10. Closing reading, barrals .........oooiiiiii i,
11. Opening reading, barrels ....... i riarea i,
12. indicated volume, barrels ............... . e,
13. Temperature, °F . ... ... cciiveiin e
14. Pressure, pounds persquarainch gage .............cc0e0..

15. C,, for meter (see 11.1, Table 6 or use 1.0000 if meter is
temperature compensated) ... .. e iiiirai e

16, Cpaformeter ... e tenaeees
17. CCF,formeter (Line 15 x Lin® 16) ...........ccuvivnnnen
18. Corrected mater volume (Line 12 X Line 17) ...............
19, Meterfactor(Line 9 = Line 18} ................c.iiia...

D. METER FACTOR

The meter tactor to be used is the mean of the two runs ... ..

. indicated volume, barels ..................
. Prover starting temperalure, top, °F  .........ociei
. Prover starting lemperature, middie, *F ..... N AN
. Prover starting temperature, bottom, °F ....................
Prover starting temperature, average {rounded), *F ..........
C,, for prover (see Table A-1}) ...... fereenans reeerireas
Cy, for prover (see 11.1, Tabla 6) ...........c.coviiiiil
CCFR(Line & X Line7} o.uuvvvninnnn. R
. Corrected prover volume, barrels {Line 1 x Line 8) .........

Batch

Rate, barrsls/hour

Liquid _motor gasoline

Station

Operator ey
Run 1 Run 2
20.445 20.427
73.6 7i.6
736 73.6
734 734
73.5 73.5
1.0003 1.0003
0.9907 0.9907
0.9910 0.9910
20261 20.243
Run 1 Aun 2

14536.595 14683.494
14536.214 14663 .155
20.35% 20.339
735 73.5
€0 £«

0.9907 0.9907
1.0003 1.0003
0.9910 0.9910
20.171 20.156
1.Od5 1.0043
1.0044

Figure 4—Example Calculatlon for a Tank Prover and Displacement Meter

thermometers to 0. 1°F, average them, round, and record to
0.5°F. Calculate the correction factors C, (see 12.2.5.1)
and C; for the prover (see 12.2.5.3) and round them to four
decimal places (that is, 0.9962). Multiply C,, by C,to obtain
CCF (see 12.2.5.5) and round to four decimal places.
Multipiy indicated volume by the CCF for the prover to
obtain the corrected prover volume to 0.001 barrels,

Determine the denominator by subtracting the opening
meter reading from the closing meter reading, both read or
estimated to 0.001 of a barrel or 0.01 of a gallon. Record
this reading as indicated meter volume. Calculate correction
factors C,, and C,, for the meter and record to four decimal
places. Multiply indicated meter volume by CCF for the
meter to obtain the corrected meter reading to 0.001 barrel,

Calculate the meter factor by dividing the numerator by
the denominator and round the meter factor to four decimal
places. )

The purpase of the above cenventions is to estabiish

standard procedures which will ensure the same results from
the same data regardiess of who or what does the computing.
Any seeming sacrifice of hypothetical maximum accuracy
is insignificant and must take second place to consisiency,
The standard procedures and conventions are based on the
use of a simple desk calculator (not a scientific calculator)
such as has traditionally been employed in the field, as well
as by accounting personnel who may wish to check meter
factor calculations. Accordingly, if meter proving reports
calculated in the field are subsequently checked by a com-
puter, the computer must be programmed in such a way as
to reproduce the conventions described here. Remainders
should not be held in memory; roundings should occur as
described above.

12.2.7.5 EXAMPLE CALCULATION FOR A TANK
PROVER AND DISPLACEMENT METER

A meter factor report form used for a nontemperature

1 by e Amarican Petroleus EtTte
ar 24 13405 2000
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SecTioN 2—MEASURED BY TURBINE OR DISPLAGEMENT METERS 13

compensated displacement meter proved against a tank
prover should allow for at lcast the information shown in
Figure 4. Two runs are shown in the examnple, for each of
which a run meter factor calculation is made separately; the
two results are then averaged, the result obtained sometimes
being called the ‘‘meter factor to be used.”” Note that this
pracedure differs from that employed with a pipe prover in
which pulses, temperature, and pressure are averaged, and
the meter factor is calculated from the average values of
pulses, temperature, and pressure (see 12.2.7).

12.2.7.6 CALCULATION OF THE METER
FACTOR USING PIPE PROVERS

12.2.7.6.1 General

Turbine meters and pipe provers were developed after
displacement meters and tank provers; therefore, the pro-
cedure for calculating a meter factor for a turbine meter
proved against a pipe prover was generally modeled on
older procedure, but some changes were made.

Because a pipe prover is subject to the effects of both
temperature and pressure on the steel, its base volume
(which is at standard conditions) has to be comected to
obtain its volume at proving conditions. The volume of the
displaced liquid must then be corrected to the equivalent
volume at standard temperature and pressure. This latter
value becomes the numerator in Equation 13 and the cor-
rected meter volume becomes the denominator. For this
procedure to be applied, the displacement meter must have
a high resolution electrical output, that is, a large number
of pulses per barrel so that at least 10,000 pulses or their
equivalent are obtained.

The other rules and conventions discussed in 12.2.7.4
apply to calculation of a meter factor using a pipe prover
and a turbine meter.

A. GENERAL INFORMATION

Note: The proper pulses-per-unit-volume figure for proving calculations.—
It is important to bear in mind that when proving a tarbine meter, or a
displacement meter equipped with a high resolution eiectrical pulser, the
change in the meter reading is rarely determined from the meter’s normal
totalizer register. Instcad, the high specd pulscs generated by the meter
during the proving rua arc usually counted and displayed by & scparate
electronic proving counter, In same cases the pulses generated by the meter
are multiplied by a totalizer scaling factor and/or a temperature compen-
sating factor before being counted by the proving counter. In cither case,
it is critical that the **change in meter reading’ required to calculate the
meter factor be determined by dividing the number of counts from the
counter by exactly the number of proving counts required by the meter's
totalizer to register ane unit of volume. For & displaccment meter thiy is
determined by the pulse per revolution rate of the electrical pulser and the
gear ratio driving the mechanical register. For an electronic totalizer, the
aumber of pulses at the meter required to register one unit of volume is
generally the inverse of the product of the totalizer's gcaler factor and uts
divider factor. Thus, a meter with its totalizer scaler set to multiply by
0.2500 and its divider sct to divide by 100 {or multiply by 0.01) has a
counts per unit volume of —
1
0.2500 x 0.01

If the pulses from the meter are passed through the scaler before being
dirccted to the prover counter, then the appropriate counts or pulses-per-
unit volume would be 100, as only 100 counts would be required at that
point to register one unit of volume.

In any case, where the pulses at the point where the prover counter is
connected have been corrected by a mechanical or electronic temperature
compeasator, the meter factor is calculated as for 8 tsmperature compen-
saled meter; that is, without applying an additionsl C, factor in the
denominator, When proving a turbine meter equipped with a temperature
compensated totalizer, the meter factor is calculated as for 8 noncompen-
sated meter if the prover counter is connected directly at the meter. In
such a case, C, is applicd in the denominator because the proving pulses
are not temperare compensated.

The key distinction is that the pulses or counfs-per-unit-volume figure
used in the proving report form calculation is determined by the settings
and arrangement of the totalizer used with the meter rather than by ths
particular puise-per-unit-volume characteristic of the meter itself.

400

12.2.7.6.2 Example Calculation for a Pipe
Prover, Turbine Meter, and Liquid of
Low Vapor Pressure

Figure 5 provides an example calculation for a pipe prover
with a turbine meter on a liquid of low vapor pressure.

Proving report no. Batch
API gravity 827 Prover dimenslons _£4" pipe, 0.312" wail
Rate, barraismour _{570 Liquid
Meter no. Station
Totalizer pulses per barrel _{000
Date and time Operator
(slomestura)
8. DATA FROM PROVING RUNS
Temperature, °F Pressure, psig
Run no. Prover Matar Prover Meter Pulse Count
i 63.0 64.5 80 &2 17743
2 63.0 64.5 80 62 17744
3 63.5 64.5 80 62 17746

Figure 5— Example Calculation'of a Pipe Prover, Turbine Meter, and a Liquid of Low Vapor Prassure
(Continued on Page 14}
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14 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES -
4 64.0 65.5 80 62 17746
5 64.0 65.5 - 80 62 17747
Averages 63.5 64.9 B 80 62 - 17745.2
1. Averages {rounded) . 635 65.0 80 62 17745
2. Meter volume
Motered volume = 17745 = 1000 = [7.745 barrels
Nores:

1. Average temperatures are rounded to the nearest half degree Fahrenhait.
2. Pressures are read to the nearest scale division, which in this case is assumed to be in 2 pound

per square {nch Increments.

3. Pulse count is divided by the totalizer pulses per barrel {in this case 1000} and reported as barrels,

founded {o three places.

C. DATA FOR PROVER

3. Base volume of prover, BAamels .........c.cutiitiiaiiiarnteiniar ittty 17.654
4, C,(see12251) .......ovvvennn. Cerrereraiens rrriseraniaias i iereae i e . 1.0001
B, Cop 888 12.252) L. o i e 1.0001
6. Cplse012.253) (500111, Table B) ....ooiiviiiiiiivn e eieien e . 0.9975
7. G, (888 12254) L. e e 1.0007
8. CCF, (see 12.2.5.5) (Lines 4 x 5 x & x 7) (rounded to four decimal places at each step} 0.9984
9, Corracted prover volume, barrels (Line 3 x LUNB B} ....ccvvvvririiiiiiiiniieniniinrin, 17.626
D. DATA FOR METER
10, Cpopa {580 12.253) (880 11,1, TaDIB 6) . ...oiitiiiiiiiiiirrienr e iaeiariaraarinen 0.9965
11, O, (500 12254) ....oivenie i, Ceaiinaiae et ie ey 1.0005
12. CCF,{Line 10 x Ling 11) ........... N Vene 0.9970
13. Corrected meter volume (Line 9 X LING 12) ... .. ciiiiiiiiariiiiiiiraniiiinianrias 17.692.
E. METER FACTOR
14. Melerfactor (Lin@ 9 < Line 13) ... it i ira i ras 0.9963

Figure 5—Example Calculation ior a Pipe Prover, Turbine Meter, and a Liquid of Low Vapor Pressure (Continued)

12.2,7.6.3 Example Calculation for a Turbine

Meter, Pipe Prover, and Liquid of
Vapor Pressure Above Atmospheric

It is assumed for this example, see Figure 6, that the
liquid measured is & propane mix of a specific gravity at
60°F of 0.554 and that a nontemperature compensated tur-
bine meter and bidirectional pipe prover arc used.

In this example, the equilibrium pressure P, is given as
115 pounds per square inch gage determined by the method
explairted in the note to 12.2.5.4.

The value of F for the meter can be read from the table
af compressibilities vs, relative density (see Chapter 11.2)
in this case by entering the temperature at 76.5°F and by
reading against the column for 0.554 specific gravity, a
value of 0.0000285. The valuc of C, {Line 11) using
Equation 9 works out to 1.0080 rounded to four decimal
places.

The value of F for the prover is calculated likewise except
that the pressure P is 385 pounds per square inch gage and
the temperature ¢ is 77.0°F, giving a value for Cy (Linc 6)
of 1.0078 rounded. .

For C, values see 12.2.5.3, for C,, see 12.2.5.1, and for
C,, sec 12.2.5.2, for which references to are also shown in
the example.

For both meter and prover a combined comection factor
(CCF) is calculated according to instructions in 12.2.5.5,

12.2.8 Calculation of Measurement
Tickets

12.2,8.1 PURPOSE AND IMPLICATIONS

The purpose of standardizing the terms and arithmetical
procedures employed in calculating the amounts of petro-
leum liquid on 2 measurement ticket is to avoid disagreement
between the parties involved. The standardized procedures
for calculation aim &t obtaining the same answer from the
same measurement data, regardless of who or what does
the computing.

A measurement ticket is a written acknowledgment of a
receipt for delivery of crude oil or petroleum product, If a
change in ownership or custody occurs during the transfer,
the measurement ticket serves as an agreement between the

4
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suthorized representatives of the parties concerned as to the
measured quantities and tested qualities of the liquids trans-
ferred.

Care must be taken to ensure that all copies of a meas-
urement ticket are legible, Standard procedure forbids mak-
ing corrections or erasures on a measurement ticket unless
the interested parties agree to do so and initial the ticket to
that effect. Should a mistake be made, the ticket should be

A. GENERAL INFORMATION

Proving report no.
Batch

Specific gravity _0-354

Meler size 1%

Tolalizer pulses per barrel __13188

Prover dimensions . {2 pipe, 0.375" wall

marked VOID and a new ticket prepared. If the voided
ticket has mechanically printed numbers on it which cannot

-be reprinted on the new ticket, the voided ticket should be

clipped to the new one to support the validity of such printed
numbers,

12.2.8.2 TERMS
Standard conditions mean 60°F and atmospheric pressure

Prover type
Vapor pressure (at operating temperature) 115
Meater manutacturar
Liquid __propane mix
Base prover volume, barrels _ 2-0734
Statiort

Date and time Operator's name
Company pprs—
B. DATA FROM PROVING RUNS
: Temperature, °F Pressure, psig Pulse Count/
Run No. Prover Motar Proves Meter Round Trip
I 76.6 76.0 385 395 28629
2 76.8 768 &5 395 28626
3 75.8 76.0 385 395 28635
4 77.6 77.0 385 395 28634
5 77.0 77.2 385 395 28633
6 77.0 76.6 385 395 28631
Avarages 77.0 76.6 385 395 286313
1. Averages (rounded) 77.0 76.5 385 395 28631
NoTes:
1. Average temperatures are rounded to the nearest helf degree Fahrenhell.
2. Pressures are read to the naarest scale divislon.
3. Pulse count is rounded to the nearest count.
2. Base volume of proves, Darrels ..........oeeeeyunneeennnn.. R 2.0734
T S ¢ - T - 0 ) P 1,0003
A4 G (8B 12 25,2 L it i e i e e 1.0004
6. Cy(see 12.253) (see 111, Table 6) . ... .o i i i iaiiea e 0.9780
B. Co (888 12.2.5.4) L. . ittt e e 1.0078
7. COF {LINGS 3 X 4 X B X B) tovnrteneriainan et trte et eae et e e aarerrninnans 0.9863
8. Corrected prover volume, bamels (Line 2 X LMBB) ...........cvviiivieiieirnreneanen. 2.0450
C. DATA FOR METER
9. Mstered volums (Line 2 — pulses/barmral)
28631 - 13188 = 2.i710
10. Con (508 12.2.5.3) (588 11.7, TBDIB B) « ..ttt et et et e e, 0.9789
L PO o ¢ T IR 2 T 1.0080
12, COFL{LNB 10 X LiNB T1) ovuiniiiiiiii it ttie e e ettt et et eeiaraannan 0.9867
13, Corrected metered volume, bamrels ......... ..o, e reeerae e 2.1421
D. METER FACTOR
14, Meterfactor (Lin@ 8 + LiNB 13) .. ... .. iniiiirii it i iie e et enssr e ranennss 0.9547
Figure 6—Example Caiculation for a Turbine Meter and Pipe Prover
with a Liquid of a Vapor Pressure Above Atmospheric
Em American PatTvieus Institiuts e —————

12608 2000

BT T .

R



MPMS 12-2-81

16 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

(0 pounds per square inch gage). In the case of liquids
having an equilibrium pressure above 0 gage at 60°F, the
standard conditions are 60°F and the equilibrium pressure
of the liquid at 60°F.

A barrel is a unit volume equal to 9702.0 cubic inches,
and a gallon is a unit volume equal to 231,0 cubic inches.

Volumes are expressed in barrels or gallons with the
several terms incorporating the word volume having the
meanings described below.

Indicated volume is the change in meter reading that

occurs during a receipt or delivery. The word registration,

though not preferred, often has the same meaning.

Gross volume is the indicated volume multiplied by the
meter factor for the particular liquid and flow rate under
which the meter was proved. This is & volume measurement.

Gross volume at standard temperature is the gross volume
multiplied by C, (see 12.2.5.3), the values of which may
be found in Tables 6 or Tables 24 {see Chapter 11.1). If
a meter is equipped with a temperature compensator, the
change in meter reading during a receipt or delivery wili
be an indicated volume at standard temperature, which when
multiplied by the meter factor becomes a gross volume at
standard temperature.

Gross standard volume is the gross volume at standard
temperature, corrected also to standard pressure, and is
therefore a quantity measurement. The factor for cormrecting
a volume to standard pressure is called C,, (see 12.2.5.4).

In summary (for a nontemperature compensated meter):

Gross Closing Opening
standard = j | meter — | meter
volume reading reading

X [MF X Cy X Cy)

Net standard volume is the same as gross standard volume
far refined products. When referred to crude oil, it means
that the determined percentage of sediment and water has
been deducted. It is sometimes called “‘standard barrels of
net clean oil.”” The correction factor for sediment and water
(S&W) is:

C. = 1 — % S&W/100

Therefore:

Net Closing Opening
standard = | | meter — | meter
voiume reading reading

X [MF X Cy X Cy X Cyl

A reading or meter reading is the instantaneous display
on a meter head. When the difference between a closing
and an opening reading is being discussed, such difference
should be called an indicated volume.

Measurement ticket is the generalized term used in this
publication to embrace and supersede expressions of long
standing such as ‘‘runticket,”’ **receipt and delivery ticket,". -
and other terms. It is also used to mean whatever the
supporting picces of paper or readout happen to be in a
meter station that is automated, remotely controlled, and/or
computerized.

12.2.8.3 RULE FOR ROUNDING—
MEASUREMENT TICKETS

In calculating a net standard volume, record temperatures
to the nearest whole degree Farenheit and pressures to the
nearest scale reading line. Tables of correction factors should
be used, with values expressed to four decimal places.

Multiply the meter factor to be used by the correction
factors, rounding to four decimal places at each step in this
intermediate calculation. Round the combined cormection
factor (CCF, which in this situation includes a meter factor
valuc and C,,) to four decimal places. Round the resulting
net standard volume to the nearest whole barrel or whole
gallon, as the case may be.

12.2.8.4 CORRECTION FACTORS

The correction factors that apply to measurement tickets,
and their notation, are explained in 12.2.5. In measurement
tickets for crude oil another correction factor is introduced
to allow for known volumes of sediment and water (S&W).
The value of this comection factor (C,,) is 1 — [%S&W/
100]. Like the corrections for temperature and pressure, it
too should be combined into the CCF (see 12.2.5.5) when
calculating measurement tickets.

12.2.6.5 HIERARCHY OF ACCURACIES

The hierarchy of accuracies assigns measurement ticket
values to a level below meter factor calculations because
the accumulated uncertainties entering the calibration of
provers, and then entering the calculation of meter factors,
makes it unrealistic to assign a higher position. Thus, only
four decimal places in the correction factors are warranted,
and the conventions for rounding and truncating are nec-
essary in order to obtain the same value from the same data
regardless of who or what does the computing.

12.2.8.6 STANDARD PROCEDURES

Meter readings shall be truncated so that fractions of a
standard unit (barrels or gailons) are eliminated (not
rounded) and the indicated volume determined therefrom
shall enter the calculation for net standard volume. (Should
it be agreed between the interested parties to employ a unit
larger than a barrel, such as a unit of 10 barrels, then
truncation will eliminate anything less than such a unit.)

Il'rtllt by the Americon Petroioas nstitits
dar 24 1266112000
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Ticket no. Month/day/year
Time started Time finished
Measuring statlon Delivered to
Liquid _crude oil Batch -
Sediment and water _0.23% AP| gravity at 60°F (see Nots 1) __39.6°APT
Remarks Witness name e
Operator's name e .
B. MEASUREMENT INFORMATION
1. Closing meter reading {tnmeated), bamsls . .......coiii i e 3 867,455
2. Opening meter reading (truncatad), barrels ............ooiiiiiiiiiiii i e 3,814,326 :
3. Indicated volume, DBITEIS ... ... .. i ir st e iannataarrariinnranrannass 53,129
4. Moeter factor 1.0015 from Raport No.
5. Average stream temperaturs, “F ... . i i et e e &8
B. Ca(saa 11,1, Table B) ... ... it i it it cei et ittt itnnnnretanaaan 0.9860
7. Average metar prossure, PSIQ .. ... ...l ii i i it tara s 370
< R o P 1.0022
9. Sadiment and water (if applicable), PEICENt . .....couieii it e i 0.5
10. C,. (For dry, clean products, use 1.0000) ........o.vriveeinnreraticnrerosananrnarnnens 0.9985
11. Combined correction factor, CCF. (Lines 4 X 6 X B X 10) .....coviviiiniiininrainrnes 0.9983
12. Net standard volume, barrels (Line 3 > 11} .. .......... ..o, T 52,507
NoTe 1: Gravily is assumed to be rounded to .5 degrees API.
Figure 7—Example Measurement Ticket for a Low Vapor Pressure Liquid
by O Amerioan Por Trta — ——

| 12660
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SECTION 2—MEASURED BY TURBIKE OR DISPLACEMENT METERS 17

For example:
Displayed  Truncated
VYalue Velye
Closing reading 3,867.455.2 3,867,455
Opening reading 3,814,326.9 3,814,326

Volume by difference 33,128.3 53,129

Non-resettable counters should be employed.

Temperature shall be read and rounded to the nearest
whole degree Farenheit.

Pressures shall be read and rounded to the necarest scale
reading.

12.2.8.7 CONVENTIONS

In order to avoid multiplying a large number (for example,
an indicated volume} by a small number (for example, a

A, GENERAL INFORMATION

correction factor) over and over again, and possibly losing
significance in the process, obtain the combined correction
factor (CCF) first and only then, multiply the indicated
volume by the CCF (see 12.2.5.5). Multiply each correction
factor by the next one, and round to four decimal places at
each step. Report -all . correction factors to four decimal

" places, including the CCF.

12.2.8.8 EXAMPLE MEASUREMENT TICKET FOR
A LOW VAPOR PRESSURE LIQUID

A measurement ticket form should allow for the recording
of at least the data shown in Figure 7 and the calculated
values. The example applies to a nontemperature compen
sated meter,
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APPENDIX A
CORRECTION FACTORS FOR STEEL

Table A-1—Temperature Correction Factors for Mild Steel, C,
Table A-2—Temperature Correction Factors for Stainless Steel, C,
‘Table A-3—Pressure Correction Factors for Steel, C,

19

giit by the American Petroleum institite
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* "SEETION 2~-MEASURED BY TURBINE.OR DISPLAGEMENT. METERS 21

Table A-1—Temperatur§ Colrrectlon Factors for Mild
teg

C, for mild sicel having a cubical coefficient of expansion of
1.86 x 10-? per °F

Observed G, Observed

(9}

n L]

) Temperature, °F Value Temperature, °F Valye
-1.2-—-19 0.9988 73.5- 188 1.0003
-18- 135 0.9989 78.5- 84.1 1.0004

3.6 8.9 0.99% 84.2- 895 1.0005
0.0- 14.2 0.9991 89.6- 94.9 1.0006
14.4- 19.6 0.9992 95.0-100.3 1.0007
19.7- 25.0 0.9993 100.4-105.6 1.0008
25.1- 304 0.999%4 ’ 105.7-111.0 1.0009
30.5~ 35.8 0.9995 111, 1-116.4 1.0010
35.0- 41 0.99%6 116.5-121.8 10011
41.2~ 46.5 0.9997 121.9-127.2 1.0012
46.6- 51.9 0.9993 127.3-132.5 1.0013
52.0- 513 0.9999 132.6-137.9 1.0014
57.4- 62.6 1.000¢ 138.0-143.3 1.0015
62.7- 68.0 1.0001 143.4-148.7 1.0016
68.1— 73.4 1.0002 148.8-154.0 1.0017

- Norte: This table is suitable for application in meter proving; in prover
calibration vse the fonmulas, For the formula ased to derive the tabulated
values and to calculate values, see 12.2.5.1, B

Table A-2—Terngerature Correction Factors for
tainless Steel

C,,. for stainless steel having a cubical coefficient of expansion of
2.65 x 10! per °F

Observed C, Observed C.
Temperature, *F Value Temperature, °P Value
-9.8--6.1 0.9982 73.3- 76.9 1.0004
-6.0-—-23 0.9983 77.0- 80.7 1.0005
-22- LS5 0.9984 80.8— 84.5 1.0006
1.6~ 5.2 0.9985 84.6- 88.3 1.0007
53- 9.0 - 0.9986 B8.4- 92.0 1.0008
9.1- 12.8 0.9987 $2.1- 95.8 1.0009
12.9- 16.6 0.9988 95.9- 99.6 10010
16.7- 20.3 0.9989 99.7-103.3 1.0011
20.4- 24.1 0.9990 103.4-107.1 1.0012
24.2- 2719 0.9991 107.2-110.9 1.0013
28.0- 31.6 0.9992 111.0-114.7 1.0014
31.7- 354 0.9993 114.8-118.4 1.0015
35.5- 39.2 0.9994 118.5-122.2 1.0016
39.3- 430 0.9995 122.3-126.0 1.0017
43.1- 46.7 0.9996 126.1-129.8 1.0018
46.8- 350.5 0.9997 129.9-133 5 1.0019
50.6— 54.3 0.9998 133.6-131.3 1.0020
54.4- 53.1 0.9999 137.4-141.1 1.0021
58.2- 61.8 1.0000 14£.2-144.9 1.0022
61.9- 65.6 1.0001 145.0-148.6 1.0023
65.7- 69.4 1.0002 148.7-152.4 1.0024
69.5- 71.2 1.0003 152.5-156.2 1.0025

NoTE: This table s suitable for application in meter proving, in prover
calibeation use the formulas For the formuia used 1o derive the tabulated
values and (o calculate the values, see 12.2,5.1.

PROBLEM HARD COPY,
eSO o ——————————— R

L by tha American Petrolous nstitute
4 I2-6E1% 1000
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Table A-3—Pressure Correction Factors for Steel, C,,

(All measurements are in pounds per square inch gage )

Prover Dimensions

6-in. Pipe &In. Pipe B Pipe Sln, Pipe 10-4m, Pipe 10-m. Pipe 12-in. Pipe 14-in, Pipe 14-In. Pipe
Factor 0 25-m. 0 280-in 0,323+in, 0375, 0.365-m. 0.375-in. 0.375-in, 0,312-in. 0.3754a Factor
C Wall Wall walt Wall wall Wall Wall wall Wall Cn

1.0000 0- 61 0- 69 0~ 60 0- 71 0- 54 0- 56 0- 46 0- 34 0- 42 1.0000
1.0001 62-183 70-207 61-181 72-214 55 -163 57-168 47140 35-104 43-127 1.0001
1.0002 184-306 208-346 182-302 215-357 164 -273 169-281 141-234 105-174 128-212 1.0002
1.0003 307428 347484 J03-423 358499 274 =382 282393 235-328 175-244 213-297 1.0003
1.0004 429-551 485-623 424-544 F00-642 383 491 394-506 329421 245-314 298-382 1.0004
1.0005 552-673 624-761 545-665 643785 492 —601 S07-618 422-515 315-384 383466 1.0005
1.0006 674-795 762900 666-786 786~028 602 =701 619-731 516-609 385454 457551 1.0006
1.0007 796-918 901-1038 787907 929-1071 711 =819 732843 510-703 455-524 552-636 1.0007
1.0008 919-1040 9081028 B20 -928 B44-956 704-796 525-594 6371-7121 - 1.0008
1.0009 929 1038 357-1068 797-890 595-6564 T22-806 1.0009
1.0010 891-984 665-734 BO7-891 1.0010
1.0011 985-1078 735-80d4 892-976 1.0011
1.0012 B05-874 977-1061 1.0012
1.0013 875-944 1.0013
1.0014 945-1014 1.0014
1.0015 1.,0015
1.0016 1.0016
1.0017 1.0017
1.0018 1.0018
1.0019 1.0019
1.0020 1.0020
1.0021 \ 1.0021
1.0022 1.0022
1.0023 1.0023
1.0024 1.0024

ac
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Table A-3—Pressure Correction Factors for Stee!, C. (Continued)
(All measurements are in pounds per square inch gage.)

. Prover Dimensions

184n Fpe %10 Pipe Win Pipe 24:In Pipe 2610, Pipe 26-in. Pipe 30-in. Pipe 30-in. Pipe

Factor 0.375-in 0.375.a. 0.375-in, 0,375-in, 0.37%:in. 0.500-n. 0.500-in .500-in Facior

Cp Wall wall wall Wall Wall wall Wall Wall Cp
1.0000 0- 36 0- 32 0-29 0- 24 0 22 0- 30 0- 25 0- 21 1.0000
1.0001 37-110 33- 97 30-087 25~ 72 23~ 66 3-89 26~ 77 22- 64 1.0001
1.0002 111-184 98-163 88-146 73-120 67-111 90150 78-129 65-107 1.0002
1.0003 185-258 164-228 147-204 121-169 112-155 151-209 130-18) 108149 1.0003
1 0004 259-331 229-293 205-262 170-217 156-200 210-270 182-232 150-192 1.0004
1.0005 332-405 . 284-358 263-321 218266 201-245 271-329 233-284 193-235 1.0005
1.0006 406-479 359423 3223719 267-314 246-289 330-390 285-336 236-278 1.0006
1.0007 480-553 424489 380438 315-362 290334 391449 337-387 279-32) 1.0007
1.0008 554-627 490-554 439496 363-411 335-378 450-510 388439 322-364 1.0008
1.0009 628-700 555-619 497555 412-459 379-423 511-569 440-491 365-407 1.0009
1.0010 T01-774 620-684 556-613 460-508 424467 570-630 492-543 408-450 1.0010
1.0011 T15-848 685-749 614-672 509556 468-512 631-689 544-594 451-492 1.0011
1.0012 849922 750-815 673-130 557-604 513-556 690-750 595-646 403-53% 1.0012
1.0013 923-995 816-880° 731-788 605-653 557601 751-809 647-698 536-578 1.0013
1.0014 996-1069 BB1-945 789847 654-T01 602-646 810-870 699-750 579-621 1.0014
1.0015 89461010 848-905 T02-749 647-690 871-929 751-801 622-664 1.0015
1 0016 906-964 750-798 691-735 930-990 $02-853 665-707 1.0016
1.0017 965-1022 799_R46 136-779 991-1049 854-905 708-749 1.0017
1.0018 847-895 780-824 906956 750-792 1.0018
1.0019 895-943 825-868 957-1008 793-835 1.0019
1.0020 944991 869-913 836-878 1.0020
1.002% 952-1040 914-957 875921 1.0021
1.0021 958-1002 922-964 1.0022
£.0022 965-1007 1.0023
1.0023 1.0024
1.004

Notes:
1. This table is based on the following equation:
Co=1 4 PZBD
El

Where:
C,, = steel cotrection factor for pressure to account for the change in volume with the change in pressure.
F, = operating or observed pressure, in pounds per square inch gage.
P, = Pressure, in pounds per square inch gage, at which the base volume of the prover was det=rmined
{usually, O pounds per square inch gage).
D = jaternal diamcter of the pipe in the prover section, in inches.
= modulus of clasticity for steel equals (30)(10%).
! = wall thickness of the pipe in the prover section, in inches,
2, This table is suitable for application in meter proving; in prover calibrations, use the formuh (m F12.2.5.2).
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APPENDIX B
CORRECTIONS TO OFFSET THE EFFECTS OF TEMPERATURE ON METAL SHELLS

This appendix presents the derivations of the corrections
necessary to offset the effects of temperature on the metal
shells of both the field standard test measures and the prover
they are used to calibrate.

The general equation for determining the base volume of
a prover by water drawing it with field standard test measures
is:
Cuas

= —_— - B
PBV [VMme]XI:wacwxcm] (B1)

Where:
PBV = the prover base volume at 60°F and O pounds per
square inch gage.
V. = the indicated volume in the test measure.

Cus = the correction for the temperature of the steel
shell of the test measure (see 12.2.5.1).

Cuw = the correction for the temperature difference be-
tween the water when in the individual test meas-
ures and the water when in the prover. (This
factor must be used out of sequence.} It can be
obtained from tabulated values in Chapter 11.4.2.

C,; = the comrection for pressure on the water in the
prover (see 12.2.5.4).

C., = the comection for the temperature of the steel
shell of the prover (see 12.2.5.1).

C.p = the comrection for the pressure on the steel shell
of the prover (see 12.2.5.2).

For the purpose of discussion, or even of calculation, the
two cormrections for the temperature of the steel shell can be
combined as follows:

= (Cam) _ 1+ (Tu — 60)vu
CC“_(CW) (1+(Tp—60)‘fp) ®2

Where: : -

CC, = the combined correction factor for the effect
of temperature on the steel of both the prover
and the measure.

T and T, = the temperatures of the steel shells of the
measure and the prover, respectively, gen-
erally taken as equal to the temperature of
the water contained therein.

vu and vy, = the coefficients of cubical expansion of the
materials of the measure and the prover,
respectively.

Muttiplying both the numerator and denominator of

by the Amar  Pot
14 125k18

25

Equation B2 by 1'— (7, — 60}y, and dropping the second”
order infinitesimals as negligible gives:

CCo-= 1+ (T — 60)yy — (T, — 60y,

Eguation B3 is the general case.
For the special case when the prover and the test measures
are made of the same material—

(B3)

Y = Y =Y

and

Ccu=1+(TM_ p)'Y (B'4)

For the other special case when the prover and the test
measure are at the same temperature but are made of different

materials—

and
CCy =1 + (T — 60} yu — Vo) (BS)

Equations B4 and B5 are the cormrections discussed in
Section 7.2 and Section 7.3 of the National Burcau of
Standards Monograph 62, Testing of Metal Volumetric
Standards. The general case value for all combinations of
temperatures and materials, however, is covered by Equation
B2 and is used in B1,

With respect to Equation B1 it should be noted that in
practice the value of C,, is determined for each test measure
withdrawn and applied to the volume in that test measure.
These corrected volumes are then summed and the remaining
corrections are applied to the sum. In that case Ty is taken
as the volume-weighted average temperature of all the meas-
ures withdrawn. This practice is acceptable for the normal
range of temperature experienced because the cubical coef-
ficient of thermal expansion of the usual metals is only about
one-tenth that of water. Equation B1 then becomes:

Cum

PBV =2V, X Copui X | —/—m8m———————
[ Wh [thxcwxcﬂp

] (B6)

It should be noted that while the coefficient of cubical
expansion of mild steel is usually 1.86 X 10-3, the coef-
ficient for stainless steel and other metals generally varies
with the composition of the metal, and only those values
given by the manufacturer of the test measures or prover
should be used.
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As an example of the extent to which the failure to apply
the steel temperature corrections affects the prover base
volume, consider the case where both the measures and the
prover are made of mild steel but the temperature in the test
measures is 87°F while the temperature in the prover at the
beginning of the water draw is 78°F. Then;

Cuw _ 1+ [(87 ~ 60) X 1.86 x 10-5]
Cop 1+ [(78 — 60) X 1.86 x 10-5 1000167

Failure to apply these corrections -in Equation B6 would
therefore result in understating the prover base volume by
0.0167 percent, . - -

Thus it can be seea that the statement in Paragraph 2125
of API Standard 1101, *'If the test measure and the prover
are made of the same material, no comrection of the volume
of the prover to 60°F need be made,” is true only if the
temperature in the prover differs from the temperature in
the test measure by 3°F or less.

. 0732290 nusna;e. ur
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APPENDIX C
SAMPLE METER PROVING REPORT FORMS
General Purpose Meter Proving Report for Use with Pipe Provers

Meter Proving Report for Tank Prover Method
Meter Proving Report for Master Meter Method
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GENERAL PURPOSE METER PROVING REPORT
FOR USE WITH.PIPE PROVERS

| LOGATION o " DATE TAMRIENT TEMP. | |~ REFORT NO. .

] PROVER DATA I PREVIOUS REPORT

BASE VOLUME AT 80°F AND "0” psl. SIZE WALL FLOW RATE FACTOR - DATE

I METER DATA

SERIAL NO. METER NO. PULSES/DbL TEMP. COMP, MANUF, BIZE MODEL
FLOW RATE NON-RESET TOTALIZER
bhitr,
[ run DATA ] [ p ]__. CORRECTION FOR
i | —
TEMPERATURE PRESSURE TEMPERATURE ON STEEL
TOTAL PULSES RUN NO.
PROVER AVG.] METER PROVER | METER
1
2
—_ CORRECTION FOR
3 ) —' PRESSURE ON STEEL
4
s
o CORRECTION FOR
T _— TEMPERATURE ON LIQUIO
C
. — TABLE 6 OR TABLE 24
FOR LPQ3
v
10
= CORRECTION FOR
( | | | | Ll || ave | PRESSURE ON LIUAD
LIQuUtD DATA
TYPE API GRAVITY SPECIFIG GRAVITY AV. PRESS BATCHTENDER NO,
AT 50F AT &0°F
| FIELD CALCULATIONS ] _
PROVER VOLUME X Ca X (=% X Cu x Cu — CORRECTED PROVER VOLUME
—
Cy
USE ONLY FOR
NONTEMP.
AVERAGE PULSES .| puseson. | |aRross meTER vOL X || ot verer | Co — CORRECTED METER VOLUME
r n 1
CORRECTED . CORRECTED METER, ! X T CORR, us: foR cm:ﬂon 1
PROVER —— METER j— RESS. -
VOLUME VOLUME I METERING COND, PAESSUAE APPLICATIONS E
}
et =
REMARKS, REPAIRS, ADJUSTMENTS, ETC.,
SIGNATURE DATE COMPANY REPRESENTED

(AP1 MPMS Chapter 12.2) 29

— - I i i .
by the American PaTrolous nstitmta
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METER PROVING REPORT FOR TANK PROVER METHOD

LOCATION TENDER Liauo Y. DATE " AMBIENT TEMP. AEPORT NO.

PROVEA DATA PREVIOUS REPORT NO.

ROMINAL VOLUME AT 60°F AND "0" paig, SERIAL NO. FLOW RATE FACTOR DATE

gaibbl bbby
METER DATA
SEAIAL NO, METER NO. TEMP., COMPENSATED " MANUFACTURER 8IZE MODEL
O ves (m ]
REMARKS, REPAIRS, ADJUSTMENTS, ETC.
FLOW RATE NON RESET COUNTER
bb¥hr

PROVER TANK VOLUME DATA AUNNO. 1 RUN MO, 2 RUNNO. 3 AUN NO. &

1 DELIVERY TO TANK, galbbis

2 | TANK TEMPERATURE (AVERAGE) 'F

3l

4 Cy . 3

6 COMBINED CORRECTION FACTOR {LINE 3 x LINE 4)

§ | CORRECTED PROYER VOLUME (LINE t x UNE B)

FAOVED METER DATA

7 | FINAL METER READING

8 | INITIAL METER READING

9 | INDICATED VOLUME BY METER, bbis (LINE 7 — LINE 8)

10 | INDICATED YOLUME BY METER, gais (LINE 7 — LINE B) OR {42 x LINE 9]

11 | TEMPERATURE AT METER, 'F

12 | PRESSURE AT METER, psig

13 | CqUSE 1.000 IF TEMP. COMPENSATED

14 ] cq

18 | cror [LINE 13 x LINE 14)

16 | CORRECTED METER VOLUME {LINE 10 x LINE 13}

17 | METER FACTOR {LINE 8 + LINE 16)

C,
WETER FACTOR | QU O CTION FOR COMPOSITE FAGTOR
FAESSURE AT METERING | — USE FOR CONSTANT
(AVERAGE VALUE) | NN = PRESSURE APPLICATION
SIGNATURE DATE GOMPANY REPRESENTATVE
(APl MPMS Chapler 12.2) 30

|
Moit by the American PeiTviam Fxtinas
ar 74 12623 2000
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METER PROVING REPORT FOR MASTER METER METHOD

0O57142 ar

LOCATION TENDER

"AP}

DATE

AMBIENT TEMP.

REPORT NO.

METER DATA

SERIAL NO. METER NO.

PULSES®E!

TEMP, COMPENSATED

MANUFACTURER SIZE

‘MODEL

FLOwW RATE

NON RESET COUNTER

PREVIOUS REPORT NO.

ALOW RATE

FACTOR

DATE

MASTER METER DATA

SIrE

MOOEL

SERIAL NO.

t

CLOSING READING, bbis/gais

2

DOPENING READING, bbis/gake

WDICATED VOLUME (LINE 1 - LINE 2

TEMPERATURE AT METER, °F

PRESSURE AT METER, paig

MASTER METER FACTOR

Cy

=]

CCF (LWE 6 x LINE 7 x LINE 8)

GORARECTED PROVER VOLUME (UINE 3 x LINE 0)

PROVED METER DATA

11

CLOSING METER READING, bbly/gats

OPENING METER READING, bbla/gals

INDICATED VOLUME (LINE 11 — LINE 12)
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APPENDIX D
CHAPTERS 22 AND 23 FROM NBS HANDBOOK 91

CHAPTER 22—NOTES ON STATISTICAL COMPUTATIONS

22-1 Coding in Statistical Computations

Coding is the term used when arithmetical operations are
applied to the original data in order to make the numbers
easier to handle in computation. The possible coding op-
erations are:

{a) Multiplication (or its inverse, division) to change the
arder of magnitude of the recorded numbers for computing
purposes.

(b) Addition (or its inverse, subtraction) of a constant—

applied to recorded numbers which are nearly equal, to
reduce the number of figures which need be carried in
computation.
When the recorded results contain non-significant. zeros,
{e.g., numbers like .00012! or like 11,100), coding is
clearly desirable. There obviously is no point in copying
these zeros a large number of times, or in adding additional
useless zeros when squaring, etc. Of course, these results
could have been given as 121 x [0~*or 11.1 x 10% in
which case coding for order of magnitude would not be
necessary.

The purpose of coding is to save labor in computation.
On the other hand, the process of coding and decoding the
resuits introduces more opportunities for error in compu-
tation. The decision of whether to code or not must be
considered carefully, weighing the advantage of saved labor
against the disadvantage of more likely mistakes. With this
in mind, the following five rules are given for coding and
decoding.

1. The whole set of observed results must be treated
alike.

2. The possible coding operations are the two gencral
types of arithmetic operations:

{a) addition (or subtraction); and,

(b) multiplication (or division). Either (a) or (b}, or
both together, may be used as necessary to make the original
numbers more tractable.

3. Careful note must be kept of how the data have been
coded. .

4. The desired computation is performed on the coded
data.

! Extracted from National Burcau of Standards Handbook 91, Natrella,
M. G., Experimental Statics, U.S. Govemment Printing Office, Wash-
ington, D.C. 1963.

E2N 2000

5. The process of decoding a computed result depends
on the computation that has been performed, and is indicated
separately for several common computations, in the follow-
ing Paragraphs (a) through (d).

(a) The mean is affected by every coding operation.
Therefore, we must apply the inverse operation and reverse
the order of operations used in coding, to put the coded
mean back into original units. For example, if the data have
been coded by first multiplying by 10,000 and then sub-
tracting 120, decode the mean by adding 120 and then
dividing by 10,000.

Observed Coded
Results Results
0121 t
.0130 10
.0125 S
Mean 0125 Coded mean B
. Coded mean + 120 © -
Decoding: Mean = 10,000
- 25
10,000
= (25

(b} A standard deviation computed on coded data is
affected by multiphication or division only. The standard
deviation is a measure of dispersion, like the range, and is
not affected by adding or subtracting a constant to the whole
set of data. Therefore, if the data have been coded by
addition or subtraction only, no adjustment is needed in the
computed standard deviation. If the coding has involved
multiplication (or division), the inverse operation must be
applied to the computed standard deviation to bring it back
to original units.

(c) A variance computed on coded data must be: mul-
tiplied by the square of the coding factor, if division has
been used in coding; or divided by the square of the coding
factor, if multiplication was used in coding.

(d) Coding which invoives loss of significant figures: -
The kind of coding thus far discussed has involved no loss
in significant figures. There is another method of handling
data, however, that involves both coding and rounding, and
is also called “‘coding”’. This operation is sometimes used
when the original data are considered to be too finely-
recorded for the purpose.
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For example, suppose that the data consist of weights
(in pounds) of shipments of some bulk material. If average
weight is the characteristic of interest, and if the range of
the data is large, we might decide to work with weights
coded to the nearest hundred pounds, as follows:

Observed Weights Coded Data
Units: lbs, Units: 100 lbs.

7,123 "
10,056 101
100,310 1003
5,097 51

543 5

clc. ele,

Whether or not the resulting average of the coded data
gives us sufficient information will depend on the range of
the data and the intended use of the result. it should be
noted that this ‘‘coding®’ requires a higher order of judgment
than the strictly arithmetical coding discussed in previous
examples, because some loss of information does occur.
The decision to ‘‘code’ in this way should be made by
someone who understands the source of the data and the
intended use of the computations. The grouping of data in
a frequency distribution is coding of this kind.

22-2 Rounding in Statistical
Computations

22-2.1 ROUNDING OF NUMBERS *

Rounded numbers are inherent in the process of reading
and recording data. The readings of an experimenter are
rounded numbers to start with, because all measuring equip-
ment is of limited accuracy. Often he records results toeven
less accuracy than is attainahle with the available equipment,
simply because such results are completely adequate for his
immediate purpose. Computers often are required to round
numbers—either to simnplify the arithmetic calculations, or
because it cannot be avoided, as when 3.1416 is used for
m or 1.414 is used for V2,

When a number is to be rounded to a specific number of
significant figures, the rounding procedure should be carried
out in accordance with the following three rules,

1. When the figure next beyond the last place to be
rctained is less than 5, the figure in the last place retained
should be kept unchanged.

For example, .044 is rounded to .04.

2. When the figure next beyond the last figure or place
to be retained is greater than 5, the figure in the last place
retained should be increased by 1.

For example, .046 is rounded to .05.

3. When the figure next beyond the last figure to be
retained 1s 5, and,

(a) there are no figures or are only zeros beyond this
5, an odd figure in the last place to be retained should be
increased by 1, an cven figure should be kept unchanged,

____ For example, .045 or .04501s rounded to .04; .055
or .0550 is rounded to .06.

(b) if the 5 is followed by any figures other than zero,
the figure in the last place to be retained should be increased
by 1, whether add or even.

For example, in rounding to two decimals, .045]

is rounded to .05.
A number should always be rounded off in one step to
the number of figures that are to be recorded, and should
not be rounded in two or more steps of successive roundings.

22-2.2 ROUNDING THE RESULTS OF SINGLE
ARITHMETIC OPERATIONS

Nearly all numerical calculations arising in the problems
of everyday life are in some way approximate. The aim,of
the computer should be to obtain results consistent with the
data, with a minimum of labor. We can be guided in the
various arithmetical operations by some basic rules regarding
significant figures and the rounding of data:

1. Addirion. When several approximate numbers are to
be added, the sum should be rounded to the number of
decimal places (not significant figures) no greater than in
the addend which has the smallest number of decimal places.

Although the resuit is determined by the least accurate «

of the numbers entering the operation, one more dec- -

imal place in the morc-accurate numbers should be
retained, thus eliminating inherent errors in the num-
bers.

For example:

4.01
002
.623

4.635

The surn should be rounded to and recorded as 4.64.

2. Subtraction. When one approximate number is to be
subtracted from another, they must both be rounded off to
the same place before subiracting.

Emors arising from the subtraction of nearly-zqual

approximate numbers are frequent and troublesome,

often making the computation practically worthless,

Such errors can be avoided when the two nearly-equal

numbers can be approximated to more significant

digits.

3. Multiplication. If the less-accurate of two approximate
numbers contains n significant digits, their product can be
relied upon for # digits at most, and should not be written
with more.

i
LDy the American Petroleum ngtituts
4 115528 2000
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As a practical working plan, carry intermediate com-
putations out in full, and round off the final result in
accordance with this rule.

4. Division. If the less-accurate of either the dividend or
the divisor contains n significant digits, their quotient can
be relied upon for n digits at most, and should not be written
with more.,

Carry intermediate computations out in full, and round

off the final result in accordance with this rule.

5. Powers and Roots. If an approximate number contains
n significant digits, its power can be relied upon for » digits
at most; its root can be relied upon for at least » digits.

6. Logarithms. If the mantissa of the logarithm in an n-
place log table is not in error by more than two units in the
last significant figure, the antilog is correct to n — 1 sigificant
figures.

The foregoing statements are working rules only. More
complete explanations of the rules, together with procedures
for determining explicit bounds to the accuracy of particular
computations, are given in Scarborought™, and the effects
of rounding on statistical analyses of large numbers of
observations are discussed in Eisenhant™.

22-2.3 ROUNDING THE RESULTS OF A SERIES
OF ARITHMETIC OPERATIONS

Most engineers and physical scientists are well acquainted -

with the rules for reporting a result to the proper number
of significant figures. From a computaticnal point of view,
they know these rules too well. It is perfectly true, for
example, that a product of two numbers should be reported
to the same number of significant figures as the least-accurate
of the two numbers. It is not so true that the two numbers
should be rounded to the same numbers of significant figures
before multiplication. A better rule is to round the more-
accurate number to one more figure than the less-accurate
number, and then to round the product to the same number

of figures as the less-accurate one. The great emphasis

against reporting more figures than are reliable has led to
a prejudice against carrying enough figures in computation,

Assuming that the reader is familiar with the rules of the
preceding Paragraph 22-2.2, regarding significant figures
in a single arithmetical operation, the following paragraphs
will stress the less well-known difficulties which arise in
a compuiation consisting of a long senes of different arith-
metic operations. In such a computation, strict adherence
to the rules at cach stage can wipe out all meaning from the
final results.

For example, in computing the slope of a straight line
fitted to observations containing three significant figures,

. }
ght by the American Patrolsum stituts
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we would not report the slope to seven significant figures;
but, if we round to three significant figures after each
necessary stcp in the computation, we might end up with
no significant figures in the value of the slope.

It is easily demonstrated by carrying out a few compu-
tations of this nature that there is real danger of losing all
significance by too-strict adherence to rules devised for use
at the final stage. The greatest trouble of this kind comes
where we must subtract twe nearly-equal numbers, and
many statistical computations involve such subtractions.

The rules generally given for rounding-off were given
in a period when the average was the oaly property of
interest in a set of data. Reasonable rounding does little
damage to the average. Now, however, we almost always
calculate the standard deviation, and this statistic does
suffer from too-strict rounding. Suppose we have a set of
numbers:

3.1
3.2
3.3

Avg. = 3.2

If the three numbers are rounded off to one significant
figure, they are all identical. "The average of the rounded
figures is the same as the rounded average of the original .
figures, but ali information about the variation in the original
number is lost by such rounding,

The generally recommended procedure is to camry two or
three extra figures thorughout the computation, and then ta
round off the final reported answer (e.g. , standard deviation,
slope of a line, eic.) to a number of significant figures
consistent with the original data. However, in some special
computations such as the fitting of equations by least squares
metheds given in ORDP 20-110, Chapters 5 and 6, one
should carry extra decimals in the intermediate steps—dec-
imals sufficiently in excess of the number considered sig-
nificant to insure that the computational errors in the final
solutions are negligible in relation to their statistical impre-
cision as measured by their standard emrors. For example,
on a hand-operated computing machine, use its total capacity
and trim the figures off as required in the final results. (See
Chapter 23.)

REFERENCES

1. J. B. Scarborough, Numerical Mathematical Analysis,
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2. C. Eiscnhart, Techniques of Statistical Analysis, Chapter .
4, McGraw-Hill Book Co., New York, N.Y., 1947
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CHAPTER 23—EXPRESSION OF THE UNCERTAINTIES OF FINAL RESULTS

23-1 Introduction

Measurement of some property of a thing in practice
always takes the form of a sequence of steps or operations
that yield as an end result a number that serves to represent
the amount or quantity of some particular property of a

thing—a number that indicates how much of this property’

the thing has, for someone to use for a specific purpose,
The end result may be the outcome of a single reading of
an instrument, with or without corrections for departures
from prescribed conditions. More often, it is some kind of
average; e.g., the arithmetic mean of a number of inde-
pendent determinations of the same magnitude, or the final
result of a least squares ‘‘reduction’’ of measurements of
a number of different magnitudes that bear known relations
with each other in accordance with a definite experimental
plan. In general, the purpose for which the answer is needed
determines the precision or accuracy of measurement re-
quired, and ordinarily also determines the method of meas-
urement employed.

Although the accuracy required of a reported value de-
pends primarily on the use, or uses, for which it is intended,
we should not ignore the requirements of other uses te which
the reported vatue is likely to be put. A certificd or reported
value whose accuracy is entirely unknown is worthless.

Strictly speaking, the actual error of a reported value,
that is, the magnitude and sign of its deviation from the
truth, is usually unknowable. Limits to this error, however,
can usually be inferred—with some risk of being incorrect—
from the precision of the measurement process by which
the reported value was obtained, and from reasonable limits
to the possible bias of the measurement process. The bias,
or systematic error, of a measurement process is the mag-
nitude and direction of its tendency to measure something
other than what was intended; its precision refers to the
typical closeness togerher of successive independent meas-
urements of a single magnitude generated by repeated ap-
plications of the process under specified conditions; and,
its accuracy is determined by the closeness of the true value
characteristic of such measurements.

Precision and accuracy are inherent characteristics of the
measurement process employed, and not of the particular
end result abtained. From experience with a particular meas-
urement process and knowledge of its sensitivity to uncon-
trolled factors, we can often place reasonable bounds on its
likely systematic error (bias). It also is necessary to know
how well the particular value in hand is likely to agree with
other values that the same measurement process might have
provided in this instance, or might yield on remeasurement
of the same magnitude on another occasion. Such infor-
mation is provided by the standard error of the reported

value, which measures the characteristic disagreement of
repeated determinations of the same quantity by the same
method, and thus serves to indicate the precision (strictly,
the imprecision) of the reported value.

The uncertzinty of a reported value is indicated by giving
credible limits to its likely inaccuracy. No single form of

‘expression for these limits is universally satisfactory. In

fact, different forms of expression are recommended, the
choice of which will depend on the relative magnitudes of
the impression and likely bias; and on their relative impor-

“tance ip relation to the intended use of the reported value,

as well as to other possible uses to which it may be put.

Four distinct cases need to be recognized:

1. Both systematic error and imprecision negligible in
relation to the requirements of the intended and likely uses
of the result.

2. Systematic error not negligible, but imprecision neg-
ligible, in relation to the requirements.

3. Neither systematic error nor imprecision neg{lglble
in retation to the requirements.

4. Systematic error negligible, but imprecision not m:g-
ligible in relation to the requirements.

Specific recommendations are meade below with respect
to cach of these four cases, supplemented by further dis-
cussion of each case in Paragraphs 23-2 through 23-5. These
recomumendations may be summarized as follows: ¢

(a) Two numerics, respectively expressing the impre-
cision and bounds to the systematic error of the result,
should be used whenever: (1) the margin is narrow between
ability to measure and the accuracy or precision requirements
of the situation; or, (2) the imprecision and the bounds to
the systematic error are nearly equal in indicating possible
differences from the tfrue value. Such instances come under
Case 3.

(b) A quasi-absolute type of statement with one numeric,
placing bounds on the inaccuracy of the result, should be
used whenever: (1) 2 wide or adequate margin exists between
ability to measure and the accuracy requirements of the
situation (Case 1); (2) the imprecision is negligibly small
in comparison with the bounds placed on the systematic
error (Case 2); or, (3) the control is so satisfactory that the
extent of error is known.

{(c) A single numeric expressing the imprecision of the
result should be used whenever the systematic error is either
zero by definition or negligibly small in comparison with
the imprecision {Case 4).

{d) Expressions of uncerteinty should be given in sen-
tence form whenever feasible.

(e} The form ‘‘a * b should be avoided as much as
possible; and never used without explicit explanation of its
connotation.

1.ﬁ-..ﬂ'?3ee=m 005714b nr
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23-2 Systematic Error and Imprecision
Both Negligible (Case 1)

In this case, the certified or reported result should be

given correct to the number of significant figures consistent
with the accuracy requirements of the situation, together
with an explicit statement of its accuracy or correctness.

For example:

. . . the wavelengths of the principal visible lines of
mercury 198 have been measured relative to the
6057.802106 A (Angstrom units} line of krypton 98,
and their values in vacuum are certified to be

5792.2685 A

57711984 A

5462.2706 A

4359.5625 A

4047.7146 A
correct 1o eight significant figures.

It must be emphasized that when no statement of accuracy
or precision accompanies a certified or reported number,
then, in accordance with the usual conventions governing
rounding, this number will be interpreted as being accurate
within =14 unit in the last significant figure given; i.e., it
will be understood that its inaccuracy before rounding was
Iess than =5 units in the next place.

23-3 Systematic Error Not Negligible,
Imprecision Negligible (Case 2)

In such cases:

(2) Qualification of a certified or reported result should
be limited to a single quasi-absolute type of statement that
places bounds on its inaccuracy;

{b) These bounds should be stated to no more than two
significant figures;

{c) The certified or reported result itself should be given
(i.c., rounded) to the last place affected by the stated bounds,
uniess it is desired to indicate and preserve such relative
accuracy or precision of a higher order that the result may
possess for certain particular uses;

(d)} Accuracy statements should be given in sentence form
in all cases, except when a number of results of different
accuracies are presented, e.g., in tabular arrangement. If
it is necessary or desirable to indicate the respective accur-

acies of a number of results, the results should be given in
the forma x b (ora i ?, if necessary) with an appropriate

explanatory remark (as a footnote to the table, or incor-

porated in the accompanying text) to the effect that the
*b, or t ﬁ. signify bounds to the errors to which the a’s

may be subject.

The particular form of the quasi-absolute type of statement
employed in a given instance ordinarily will depend upon
personal taste, experience, current and past practice in the
field of activity concerned, and so forth. Some examples
of good practice are:

. . is(are) not in error by more than 1 part in (x).
. .+ . is(are) accurate within =+ (x units) {or = (x}%).
. . is(are) believed accurate within (. . .)

Positive wording, as in the first two of these quasi-absolute
staterments, is appropriate only when the stated bounds to
the possible inaccuracy of the certified or reported value are
themselves reliably established. On the other hand, when
the indicated bounds arc somewhat conjectural, it is desirable
to signify this fact (and thus put the reader on guard) by
inclusion of some modifying expression such as *‘believed™’,
“‘considered’’, *‘estimated to be’’, ‘‘thought to be'’, and
so forth, as exemplified by the third of the foregoing ex-
amples.

Results shovid never be presented in the form *'a * b"',
without explanation. If no explanation is given, many per-
sons will automatically take =+ to signify bounds to the
inaccuracy of . Others may assume that b is the standard
error or the probable error of a, and hence that the uncer-
tainty of a is at least == 35, or = 4b, respectively. Still others
may take & to be an indication merely of the imprecision
of the individual measurements; that is, to be the standard
deviation, the average deviation, or the probable error of
a SINGLE observation. Each of these interpretations reflects
a practice of which instances can be found in current sci-
entific literature. As a step in the direction of reducing this
current confusion, we urge that the use of **a * b in
presenting results in official documents be limited to that
sanctioned under (d) above.

The term uncertainty, with the quantitative connotation
of limits to the likely departure from the truth, and not
simply connotating vague lack of certainty, may sometimes
be used effectively to achieve & conciseness of expression
otherwise difficult or impossible to attain. Thus, we might
make a statement such as:

The uncentainties in the above values are not more than

+0.5 degree in the range 0° to 1100°C, and then increase
to %2 degrees at 1450°C;
or,

The uncertainty in this values does not exeed . . . ex-

chuding (or, including) the uncertainty of . . . in the value

. . . adopted for the reference standard involved.

Finally, the following forms of quasi-absolute statements
are considered poor practice, and should be avoided:

The aceuracy of . . . is 5 percent.

The accuracy of . . . is =2 percent.

These statements arc presumably intended to mean that the
result concerned is not inaccurate, i.e., not in error, by
more than 5 percent or 2 percent, respectively; but they
explicitly state the opposite. |
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23-4 Neither Systematic Error Nor
Imprecision Negligible (Case 3) -

In such cases:

(a) A certified or reported result should be qualified by:
{1) a quasi-absolute type of statement that places bounds
on its systematic error; and, (2) a separate statement of its
standard error or its probable error, explicitly identified, as
a measure of its imprecision;

{b) The bounds to its systematic error and the measure
of its imprecision should be stated to no more than two
significant figures;

(¢) The certified or reported result itself should be stated,
at most, to the last place affected by the finer of the two
qualifying statements, unless it is desired to indicate and
preserve such relative accuracy or precision of a higher
order that the result may possess for certain particular uses;

(d) The qualification of a certified or reported result, with
respect to its imprecision and systematic error, should be
given in sentence form, except when results of different
precision or with different bounds to their systematic errors
are presented in tabular arrangement. If it is necessary or
desirable to indicate their respective imprecisions or bounds
to their respective systematic errors, such information may
be given in a parallel column or columns, with appropriate
identification. '

Here, and in Paragraph 23-5, the term standard error is
to be understood as signifying the standard deviation of the
reported value itself, not as signifying the standard deviation
of a single determination (unless, of course, the reported
value is the result of a single determination only}.

The above recommendations should not be construed to
exclude the presentation of a quasi-absolute type of statement
placing bounds on the inaccuracy, i.e., on the overall un-
certainty, of a certified or reperted value, provided that
separale statements of its imprecision and its possible sys-
tematic error are included also. Bounds indicating the overall
uncertainty of a reported value should not be numerically
less than the corresponding bounds placed on the systematic
error outwardly increased by at least two times the standard
error. The fourth of the following examples of good practice
is an instance at point:

The standard errors of these values do not exceed

0.000004 inch, and their systematic errors are not in

excess of 0.00002 inch.

The standard errors of these values are less than (x units),
and their systematic errors are thought to be less than
+ {y units).

. . . with a standard error of (x units), &nd a systematic
error of not more than =+(y units).

.+ . with an overall uncertainty of =3 percent based on

a standard error of 0.5 percent and an allowance of
+ 1.5 percent for systematic error.

When a reliably established value for the relevant standard
error is available, based on considerable recent experience
with the measurement process or processes involved, and
the dispersion of the present measurements is in keeping
with this experience, then this established value of the
standard error should be used. When experience indicates
that the relevant standard error is subject to fuctuations

greater than the intrinsic variation of such a measure, then -

an appropriate upper bound should be given, e.g., as in the
first two of the above examples, or by changing *‘a standard
ervor . . .'" in the third and fourth exemples to *‘an upper
bound to the standard error . . ."’.

When there is insufficient recent experience with the
measurement processes involved, an estimate of the standard
error must of necessity be computed, by recognized statis-
tical procedures, from the same measurcments as the cer-

tified or reported value itself. It is essential that such com- .

putations be carried out according to an agreedeupon
standard procedure, and that the results thereof be presented
in sufficient detail to enable the reader to form his own
judgment and make his own allowances for their inherent

uncertainties. To avoid possible misunderstanding in such: -

cases:
(a) the term computed standard error should be used,;
(b) the estimate of the standard error employed should
be that obtained from the relation

S

estimate of
standard error

_ \/ sum of squared residuals, "
ny "

where n is the (effective) number of completely independent
determinations of which g is the arithmetic mean (of, other
appropriate least squares adjusted value) and v is the number
of degrees of freedom involved in the sum of squared
residuais (i.c., the number of residuals minus the number
of fitted constants and/or other independent constraints);
and,

{c) the number of degrees of freedom v should be ex-
plicitly stated.

If the reported value a is the arithmetic mean, then:

J
n
where 52 is computed as shown in ORDP 20-110, Chapter
2, Paragraph 2-2.2, and n is the number of completely
independent determinations of which @ is the arithmetic
mean.

For example:

The computed probable error (or, standard etror) of these
values is (x units), based on (v) degrees of freedom, and

estimate of standard error =

by the American Potroieum matinits
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the systematic error is estimated to be less than + (y
units).

. which is the arithmetic mean of (n) independent
determinations and has a computed standard emor
of ... o

. . . with an overall uncertainty of +5.2 km sec based
on a standard error of 1.5 km sec and bounds of 0.7
km sec on the systematic error. {The figure 5.2 equals
0.7 plus 3 times 1.5).

Qr, if based on a computed standard error:

.. . with an overall uncertainty of +7 km/sec derived
from bounds of +0.7 km/sec on the systematic error and
a computed standard error of 1.5 km/sec based on 9
degrees of freedom. (The figure 7 is approximately equal
to 0.7 + 4.3 (1.5), where 4.3 is the two-tail 0.002
probability value of Student’s ¢ for 9 degrees of freedom.
As v — <, [(v}— 3.090.)

23-5 Systematic Error Negligible,
Imprecision Not Negligible (Case 4)

In such cases:

(a) Qualification of a certified or reported value should
be limited to a statement of its standard error or of an upper
bound thereto, whenever a reliable determination of such
value or bound is available. Otherwise, a computed value
of the standard error so designated should be given, together
with a staternent of the number of degrees of freedom oa
which it is based;

(b) The standard error or upper bound thereto, should be
stated to not more than two significant figures;

(c) The certified or reported result itself should be stated,
at most, to the last place affected by the stated value or
bound to its imprecision, unless it is desired to indicate and

preserve such relative precision of a higher order that the
result may possess for certain particular uses;

(d) The qualification of a certified or reported result with
respect to its imprecision should be given in sentence form,
except when results of different precision are presented in
tabular arrangement and it is necessary or desirable to
indicate their respective imprecisions, in which event such
information may be given in a parallel column or columns,
with appropriate identification.

The above recommendations should not be construed to
exclude the presentation of a quasi-absolute type of statement
placing bounds on its possible inaccuracy, provided that a
separate statement of its imprecision is included also. Such
bounds to its inaccuracy should be numerically equal to at
least two times the stated standard error. The fourth of the
following examples of good practice is an instance at point:

The standard errors of these values are less than (x units).
. . . with a standard error of (x units).

. . with a computed standard error of (x units) based
on (v) degrees of freedom.

. . with an overall uncertainty of +4.5 km/sec derived
from a standard error of 1.5 km/sec. (The figure 4.5
equals 3 times 1.5).

Or, if based on a computed standard error:

. . with an overall uncertainty of +6,5 km/sec derived
from a computed standard eqror of 1.5 km/sec (based on
9 degrees of freedom). (The figure 6.5 equals 4.3 times
1.5, where 4.3 is the two-tail 0.002 probability value of
Student's ¢ for 9 degrees of freedom. As v — o, £ (v)
— 3.090.

The remarks with regard to a computed standard error in
Paragraph 23-4 apply with equal force to the last two of the
above examples.
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Chapter 12—Calculation of Petroleum Quantities

Section 2—Calculation of Petroleum Quantities Using Dynamic Measurement
Methods and Volumetric Correction Factors

PART 1—INTRODUCTION

1.1, Purpose

When most of the older standards were written, mechan-
ical desk calculators were widely used for calculating
measurement documentation. and tabulated values were
used more widely than is the case today. Rules for rounding
and the choice of how many figures to enter in each calcula-
tion step were often made on the spot. As a result, different
operators obtained different results from the same data

This five-part publication consolidates and standardizes
calculations pertaining to metering petroleum liquids using
turbine or displacement meters and clarifies terms and
expressions by eliminating local variations of such terms.
The purpose of standardizing calculations is to produce the
same unbiased answer from the given data. So that different
operators can obtain identical results from the same data, the
rules for sequence, rounding, and discrimination of figures
{or decimal places) have been defined.

1.2 Scope

This document provides standardized calculation methods
for the quantification of liquids and the determination of
base prover volumes under defined conditions, regardless of
the point of ongin or destination or the units of measure
required by governmental customs or statute. The criteria
contained in this document allow different entities using
various computer languages on different computer hardware
{or manual calculations) to arrive at identical results using
the same standardized mput data.

The publication rigorously specifies the equations for
computing correction factors, roles for rounding, calcula-
tional sequence, and discimination levels to be employed in
the calculations. No deviations from these specifications are
permitted since the intent of this document is to serve as a
rigorous standard.

1.3 Organization of Standard

This standard is organized into five separate parts. Part |
contains a general introduction for dynamic calculations.
Part 2 focuses on the calculation of metered quantities for
fiscal purposes or measurement tickets. Part 3 applies to
meter proving calculations for field operations or proving
repents. Parts 4 and 5 apply to the determination of base
prover volumes (BPVs).

Conyright by the American Patroieun Rxtitne
Frd Mear 24 12-57-36 2000

13.1 PART 1;lNTRODUCTION

The base (reference or standard) volumetric determination
of metered quantities is discussed along with the general
terms required for solution of the various equations.

General rules for rounding of numbers, including field
data, intermediate calculational numbers, and discrimination
levels, are specified within the context of this standard.

For the proper use of this standard, a discussion is
presented on the prediction of the liquid’s density at flowing
and base conditions.

An explanation of the principal cormrection factors associ-
ated with dynamic measurement are presented in a clear,
concise manner.

1.3.2 PART 2—MEASUREMENT TICKETS

The application of this standard to the calculation of
metered quantities is presented for base volumetric calcula-
tions in conformance with North American industry practices.

Recording of field data, rules for rounding, calculational
sequence, and discimination levels are specified, along with
a set of example caleulations. The examples are designed to
aid in checkout procedures for any routines that are devel-
oped using the requirements stated in this part.

1.3.3 PART 3—PROVING REPORTS

The application of this standard to the calculation of
proving reports 15 presented for base volumetric calculations
in conformance with North American industry practices.
Proving reports are utilized to calculate the foliowing meter
correction and performance indicators: meter factors (MF),
composite meter factors (CMF}, K-factors (KF), composite K-
factors (CKF)}, and meter accuracy factor (MA). The determi-
ration of the appropriate term is based on both the hardware
and the user's preference.

Recording of field data, rules for rounding, calculational
sequence, and discrimination levels are specified, along with
a set of example calculations. The examples are designed to
aid 1n checkout procedures for any routines that are devel-
oped using the requirements stated in this part.

1.3.4 PART4—CALCULATION OF BASE PROVER
VOLUMES BY WATERDRAW METHOD

The BPV may be determined by one of two methods—
waterdraw or master meter. The waterdraw method involves
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-the displacing (or drawing) of water from the prover into
centified volumetric field measures. Alternatively, for open
tank provers, the waterdraw method may involve the
displacing (or drawing) of water from the certified volu-
metric test measures into the open tank prover. Certification
of the field measures are traceable to the appropriate national
weights and measures organization (i.e., National Institute of

- Standards and Technology).

Recording of field data, rules for rounding, calculational
sequence, and discrimination levels are specified, along with
a set of example calculations. The examples are designed to
aid in checkout procedures for any routines that are devel}-
oped using the requirements stated in this part.

' 1.3.5 PART 5—CALCULATION OF BASE
PROVER VOLUMES BY MASTER METER
METHOD

The BPV may be determined by one of iwo methods—
waterdraw or master meter. The master meter method
employs the use of 2 master meter (or transfer standard), The
master meter is proved under actual operating conditions by
a master prover that has beep calibrated by the waterdraw
method. The master prover, master meter, and field prover
are piped in series allowing fluid to pass through the three
devices simultaneously.

Recording of field data, rules for rounding, calculational
sequence, and discrimination levels are specified, along with
a set of example calculations. The examples are designed 1o
aid in checkout procedures for any routines that are devel-
oped using the requirements stated in this part.

i

1.4 Referenced Publications

Several documents served as references for the revisions
of this standard. In particular, previous editions of Chapter
12.2 {ANSI/API 12.2) provided a wealth of information. The
following are other publications that served as a resource of
information for this revision:

API
Manual of Petrolewn Measuremens Standards (MPMS)
Chapter 4, “Proving Systems”
Chapter 5, “Metering”
Chapter 6, “Melering Assemblies”
Chapter 7, “Temperature Determination”
Chapter 9, “Density Determination”
Chapter 10, “Sediment and Water”
Chapter 11, “Physical Properties Data”

ASTMI
D1250 (Historica] Edinon—1952), “Petroleum Mea-
surement Tables”
D1550 “ASTM Butadiene Measurement Tables”
D1555 “Calculation of Volume and Weight of Industrial
Aromatic Hydrocarbons™

Copyrigit by the Amarican Pairolems institiuts
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NIST? )
Handbook 105-3, “Specifications and Tolerances for
Reference Standards and Field Standards™
Monograph 62, “Testing of Metal Volumetric Standards”

1.5__Field of Application

1.5.1 APPLICABLE LIQUIDS

This standard applies to liquids that, for all practical
purposes, are considered (o be clean, single-phase, homoge-
neous, and Newtonian at metering conditions. Most liquids
and dense phase liguids associated with the petroleum and
petrochemical industries are usually considered to be Newto-
nian. ' )

The application of this standard is limited to liquids that
atilize tables and/or implementation procedures to correct
metered volumes at flowing temperatures and pressures to
corresponding volumes at base (reference or standard)
conditions. To accomplish this, the liquid's density shall be
determined by appropriate technical standards, or if neces-
sary, proper correlations or equations of state. If muhiple
partics are involved in the measurement, the method selected

for determining the liquid’s densities shall be mutually =

agreed upon.

1.52 BASE CONDITIONS )
Historically, the measurement of some liquids for custody

transfer and process control have been stated in volume units !

e

at base (reference or standard} conditions.
The base conditions for the measurement of liquids, such

as crude petroleum and its liquid products. having a vapor *

pressure equal to or less than atmospheric at base tempera-
ture are as follows:

United States Customary (USC) Units:
Pressure—14.696 psia (101.325 kPa,)
Temperature—60.0°F (15.56°C)

International System (SI) Units:
Pressure—14.696 psia (101,325 kPa,)
Temperature—59.06°F (15.00°C)

For liquids, such as liquid hydrocarbons, having a vapor
pressure greater than atmospheric pressure at base tempera-
ture, the base pressure shall be the equilibrium vapor pres-
sure at base ternperature.

it

L

For liquid applications, base conditions may change from _

one country to the next due to governmental regulations.
Therefore, it is necessary that the base conditions be identi-
fied and specified for standardized volumetric flow measure-
ment by all parties involved in the measurement.

|American Saciety for Testing and Materials, 1916 Race Street, Philadel-
phia, Pennsylvania 19103

211.5. Department of Commerce, National Institute of Standards and Tech-
nology, Washingion, D.C. 20234 (formerly National Bureau of Standands)

P N

A ma
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1.6 Uncertainty

1.6.1 GENERAL

The user of this standard needs to consider the custody
transfer facility from a holistic viewpoint. The user must
bave defined the desired uncertainty to the designer in order
to build, operate, and maintain the facility properly.

At a single metering facility, therc are two types of uncer-
tainty. The average of the many readings may be offset from
the true value (bias crror), and/or the readings may be
randomly scatiered about the offset {random error).

The uncertainty of the metered quantities depends on a
combination of the following:

4. The traceability chain associated with the field standards.
b. The calculation procedure and means of computation
(chart integration, flow computer, mainframe, personal
computer, and so forth).

c. The uncertainty associated with the liquid density predic-
tions.

d. The sensitivity of the liquid prediction correlation to
erTors in pressure, temperature, and base density determina-
tions.

e. The design, instatlation, and operation of the metering
facitity.

f. The choice of measurement equipment (charts, transmit-
ters, A/D converters, data loggers, and so forth)

g. The data transinission means {analog, pneumatic, digital,
manual),

h The operating/calibration equipment’s effects due to
ambient temperature, liquid temperaiure, liquid pressure,
response time, local gravitational forces, atmospheric pres-
sure, and 5o forth.

The uncertainty is dependent not just on the hardware or
equipment, but also on the hardware's performance, the soft-
ware's performance, the method of calculation, the method
of calibration, the calibration equipment, the calibration
procedures, and the human factor.

1.6.2 HIERARCHY OF ACCURACIES

There is an inevitable or natural hierarchy of accuracies in
petroleum measurement. The natural hierarchy of accura-
cies, often referred to as a traceability chain, is comprised of
both bias and random uncertainty components.

The concept of traceability describes how an instrument
can be related to a national standard by calibrating it
against another device that is closer to the national standard
in the traceability chain. For example, the waterdraw
method for calibrating provers consists of displacing the
contents between detectors into 4 certified volumetric field
standard test measure, which 1tself has been calibrated
using repeated fillings from a secondary standard labora-
tory measure. This laboratory measure will have been
owned and calibrated by the national weights and measures

Copyright by the American Petrolaim stitute
Fri War 24 12:67.38 2000

authority. which in turn has been calibrated by comparison
with the country’s national primary volumetric and/or mass
standard.

To expect equal or lower uncertainty in a lower level of
the traceability chain than that which exists in a gher level
is physically impossible, given the bias uncertainty compo-
nent associated with the respective level of the chain. The
random uncertainty is minimized by taking a large number
of determinations with high precision devices and then
finding their mean value,

In summary, the simplified traceability chain associated
with a BPV contains both bias and random compenents. The
random component can be reduced during calibration by a
large number of repeated measurements. However, no
amount of repcated measurement can reduce the bias
component; it is a fixed systematic contribution to the uncer-
tainty in any subsequent measurements.

1.7 Precision, Rounding, and
Discrimination Levels

The minimum precision of the computing hardware must
be equal to or greater than a ten-digit calculator to obtain the
same answer in all calculations. For tickets calculated manu-
ally in the field utilizing printed CTL and CPL tables and not
requiring the same precision, a less precise calculator (eight
digit) may be used if agreed to by all parties.

The general rounding rules and discrimination levels are
described in the following subsections.

1.7.1 ROUNDING OF NUMBERS

When a number is to be rounded 0 a specific number of
decimals. it shall always be rounded off 1n one step to the
number of figures that are to be recarded and shall not be
rounded in two of more steps of successive rounding. The
rounding procedure shall be in accordance with the following:

a. When the figure to the right of the last place 1o be retained
is 5 or greater, the figure in the last place 1o be retained
should be increased by 1.

b. If the figure to the right of the last place to be retained is less
than 5, the figure in the last place retained should be
unchanged.

1.7.2 DISCRIMINATION LEVELS

For field measurements of temperature and pressure, the
levels specified in the various tables are maximum discrim-
inaton levels.

For example, if the parties agree to use a thermometer
graduated in whole °F increments, then the device is
normally read to levels of 0.5°F resolution. Likewise, if the
parties agree to use a “smart” temperature transmitter, which
can indicate to 0.01°F or 0.005°C, then the reading shall be
rounded to the nearest 0.1°F or 0.05°C value prior to
recording for calculation purposes.

o [

Yy
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1.8 Definitions, Symbols, and
Abbreviations

The definitions and symbols described below are a compi-
lation of this five-part publication.

1.8.1 DEFINITIONS

1.8.1.1 barrel (bbl): a unit volume egual to 9,702.0
cubic inches, or 42.0 U.S. gallons.

1.8.1.2 base prover volume (BPV): the volume of the
prover at base conditions as shown on the calibration certifi-
cate and obtained by arithmetically averaging three consec-
utive successful CPV determinations.

1.8.1.3 calibrated prover volume {CPY): the volume
at base conditions between the detectors in a pipe prover or
the volume of a proving tank between specified “empty” and
“full” levels. The calibrated volume of a bidirectional prover
is the sum of the two volumes swept out between detectors
during a roundtrip.

1.8.1.4 composite meter factor (CMF): a meter factor
corrected from normal operating pressure to base pressure. A
CMF may be used for meter applications where the relative
density, temperature, and pressure are considered constant
during the measurement ticket period.

1.8.1.5 cubic meter (M3): a unit of volume equal to
1,000,000.0 milliliters (ml), or 1,000.0 liters.

1.8.1.6 gross standard volume {(GSV): the volume at
base conditions corrected also for the meter’s performance
(MF, MMF, or CMF).

1.8.1.7 Indicated standard volume (ISV): the IV
corrected to base conditions. It dees not contain any correc-
tion for the meter’s performance (MF, MMF, or CMF).

1.8.1.8 indicated volume (IV): the change in meter
reading that occurs during a receipt or delivery. The word
registration, though not preferred, often has the same
meaning.

1.8.1.9 liter {I): a unit of volume equal to 1,000.0
milliliters (ml).

1.8.1.10 master meter: a meter proved using a certified
prover and then utilized to calibrate other provers or prove
other meters.

1.8.1.1%  master meter factor (MMF): a dimensionless
term obtained by dividing the gross standard volume of the
liquid passed through the master prover (during the proving
of the master meter) by the indicated standard volume
(ISV,,) as registered by the master meter during proving.

1.8.1.12 master prover: refers to a volumetric standard
(conventional pipe prover, VP, or open tank prover), which

was calibrated by the waterdraw method, and is used to cab-
brate a masrer meier.

Copyright by the American Patrolsim institute
Fri Mar 24 12:67:40 2000

1.8.1.13 measurement ticket: the generalized term
used in this publication to embrace and supersede long-
standing expressions such as “run ticket,” “meter ticket,” and
“receipt and delivery ticket.”

1.8.1.14 meter factor {MF): a dimensionless term
obtained by dividing the volume of the liquid passed through
the prover corrected to standard conditions during proving
by the indicated standard volume (ISV ) as registered by the
meter. -

1.8.1.15 meter reading (MR,, MR, MMR,, MMR,):
the instantaneous display on a meter head. When the differ-
ence between a closing and an opening reading is being
discussed, such a difference should be calledanIV. -~ -~ °

1.8.1.16 net standard volume (NSV): the gross stan-
dard volume corrected for nonmerchantable quantities such
as sediment and water (CSW). '

1.8.1.17 pass: a single movement of the displacerina
prover that activates the starl-stop detectors.

1.8.1.18 prover calibration certificate: a document
stating the BPV and other physical data required when:
proving flowmeters (E, Ge, Ga, Gl). The calibration certificate «
is a written acknowledgment of a proper calibration of a
prover between the authorized representatives of the interested
1.8.1.19 - proving report: an organized collection of all
information {meter, prover, and other), used during meter
proving, meter performance verification, and meter factor »
determination. o
1.8.1.20 round trip: the forward (out) and reverse (back)
consecutive passes in a bidirectional prover.

1.8.121 run, meter proving: one or more consecutive
passes, the results of which, when totalized, are deemed
sufficient to provide a single value of the meter factor (MF,
CMF, MMF) or K-factor (KF, CKF).

1.8.1.22 run, prover callbration: one or more consec-
utive passes, the results of which, when totalized, are
deemed sufficient to provide a single value of the calibrated
prover volume (CPV).

1.8.1.23 U.S. gallon (gal): a unit volume equal to 231.0
cubic inches.

1.8.1.24 weighted average pressure (PWA): the
average liquid pressure at the meter for the ticket period.

For volumetric methods, the weighted average pressure is
the average of the pressure values sampled at uniform flow
intervals and is representative of the entire measurement
ticket pericd.

PWA = [SUM s (Pi)}in
Where:
n = the number of uniform intervals
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For uime-based methods, the weighted average pressure is
the sum of the pressure values sampled during the time
interval, multiplied by the volume or mass determined
during the same time interval, and divided by the entire
volume measured.

PWA = [SUM (Pi x VD)Vt

1.8.1.25 weighted average temperature (TWA): the
average liquid temperature at the meter for the ticket period.

For volumetric based methods, the weighted average
temperature is the average of the temperature values sampled
at uniform flow intervals during the entire measurement
ticket period.

TWA = [SUMp (TD))n

Where:

n = the number of uniform intervals

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

TWA = [SUM (Ti x VDIVt

1.8.2 SYMBOLS AND ABBREVIATIONS

While a combination of uppercase, lowercase, and
subscripted notation is used in this publication, the uppercase
notation may be used for computer programming and other
documents as deemed appropriate, .

Additional letters may be added to the symbolic notations
below for clarity and specificity.

Units

SI International system of units (pascal, cubic
meter, kilogram, metric system).
U.S. customary units (inch, pound, cubic
inch, traditional system).

uscC

Pipe Dimensions
ID Inside diameter of prover pipe.

OD OQutside diameter of prover pipe.

WT  Wall thickness of prover pipe.
Liquid Density

API Density of liquid in degrees API gravity
units.
Base liquid density in degrees API gravity
units.
Observed liquid density at base pressure in
degrees API gravity units.
Density of iiquid in kilogram per cubic
meter (kg/M3) units.
Base liquid density in kilogram per cubic
meter (kg/M3) units.
Observed liquid density at base pressure in
kilogram per cubic meter (kg/M3) units.

API,
APl

DEN
DEN,

DEN, .
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RD
RDy
RDobs
RHO
RHOy
RHOobs
RHO,

Pressure

psi
psia

psig

Density of liquid in relative density.

Base liquid density in relative density.
Observed liquid density at base pressure in
relative density.

Density of liquid in mass per unit volume.
Base density.

Observed liquid density at base pressure.
Density of liquid in prover (for prover cali-
brations).

Density of liquid in test measure (for prover
calibrations). .
Density of liguid at operating temperature
and pressure.

Celsius temperature scale.

Fahrenheit temperature scale.

Temperature.

Base temperature in *F or *C.

Temperature of detector mounting shaft or
displacer shaft on SVP with external detec-
tors.

Observed temperature to determine RHO,
(i.c., hydrometer temperature) in *F or *C.
Temperature of meter in °F or “C.
Temperature of test measure in °F or "C.
Temperature of master meter in 'F or °C.
Temperature of prover in ‘F or *C.
Temperature of master prover in 'F or *C.
Weighted average temperarure of liquid for
measurement ticket calculations in °F or
°C.

Kilopascals (S]) pressure units.

Kilopascals in absolute pressure units.
Kilopascals in gauge pressure units.
Pounds per square inch (USC) pressure
units.

Pounds per square inch in absolure pressure
units.

Pounds per square inch in gauge pressure
units.

Pressure.

Base pressure 1n psi or kPa pressure units.
Base pressure in absolute pressure units.
Base pressure in gauge pressure units.
Pressure of liquid in meter in gauge pressure
units.

Pressure of liquid in master meter in gauge
pressure umnits.

Pressure of liquid in master prover in gauge
pressure units.

Pressure of liquid in prover in gauge pres-
sure units.
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PWA

Pe

Pcb

Pep,

Peym

Pep

Weighted average pressure of liquid for
measurement ticket calculations in gauge
pressure units.

Equilibrium vapor pressure of liquid at
normal operating conditions in absolute
Pressure units.

Equilibrium vzpor pressure of liquid at base
temperature in absolute pressure units.
Equilibrium vapor pressure of liquid in
meter at proving conditions in absolute pres-
sure units.

Equilibrium vapor pressure of liquid in
master meter in absolute pressure units.
Equilibrium vapor pressure of liguid in
prover at proving conditions in absolute
pressure units.

Correction Factors

CCF
CCFp,

CCFum
CCFrp
CCF,

CPL

CPLy,
CPLpm
CPLup
crL,
CPS

CPS,

CsSwW

Combined correction factor.

Combined correclion factor for meter at
proving conditions.

Combined cormrection factor for master
meter at proving conditions.

Combined correction factor for master
prover at proving conditions.

Combined correction factor for prover at
proving conditions.

Correction for compressibility of liquid at
normal operating conditions (for CMF and
ticket calculations).

Correction for compressibility of liquid in
meler at proving condjtions.

Correction for compressibility of liquid in
masier meter at proving conditions,
Correction for compressibility of liquid in
paster prover at proving conditions.
Correction for compressibility of liquid in
prover at proving conditions.

Correction for the effect of pressure on steel
(see Appendix A).

Correction for the effect of pressure on steel
test measure.

Correction for the effect of pressure on steel
master prover.

Correction for the effect of pressure on steel
prover.

Fiscal correction for sedimemt and water.
Correction for the effect of temperature
difference of water for prover calibrations.
Correction for the effect of temperature on
liquid at normal operating conditions (for
ticket calculations).

Correction for the effect of temperature on
liquid in meter at proving conditions.
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CTlonm

CTLnp
ctL,

CTS
CTSy,
CTSy,
crs,

CCTS

Gce

Gcm

CMF
MMF
MMF,

MMF,,,
NKF

CKF

Volumes
BMV
BMVa

Correction for the effect of temperature on
liquid when using a master meter for
proving operations.

Correction for the effect of temperature on
liquid in master prover.

Correction for the effect of temperature on
liquid in prover,

Correction for the effect of temperature on
steel (sec Appendix A).

Correction for the effect of temperature on
steel test measure.

Correction for the effect of temperature on
steel master prover.

Correction for the effect of temperature on
steel prover,

Combined correction for the effect of temper-
ature on steel prover and steel test measure.
Modulus of elasticity of steel prover.
Compressibility factor of liguid in meter at
normal operating conditions (for CMF and
ticket calculations).

Compressibility factor of liquid in meter at |
proving conditions.

Compressibility factor of liquid in master
meter at proving conditions.
Compressibility factor of liquid in master

prover,

Compressibility factor of liquid in prover.

Linear coefficient of thermal expansion on '

disptacer shaft or detector mounting.

Area coefficient of thermal expansion of
prover chamber.

Cubical coefficient of thermal expansion of
prover.

Cubical coefficient of thermal expansion of
test measure Or master prover.

Meter accuracy factor,

Meter factor.

Composite meter factot.

Master meter factor.

Master meter factor at start of each master
meter calibration run.

Master meter factor at stop of each master
meler calibration run.

Average master meter factor for each taster
meter calibration run.

Nominal K-factor, pulses per unit volume.
K-factor, pulses per unit volume.
Composite K-factor, pulses per unit volume.

Base test measure volume.
Base test measure volume adjusted for scale
rcading.

Coay
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BPV
BPVy,
CPV
GV
GSV
GSV,,
GSV,,
GSVp
GSV

v

Vo

ISV
ISV,

ISV
MR,

MMR,
MMR,

Nan

NSV

SR
SRu
SRI
SWV

WDzb

Base prover velume for prover.

Base prover volume for master prover.
Calibrated prover volume.,

Gross volume.

Gross standard volume (for ticket calcula-
tions).

Gross standard volume of meter for proving
operations.

Gross standard volume when using a master
meter for proving operations.

Gross standard volume of master prover for
proving operations.

Gross standard volume of prover for
proving operations.

Indicated volume (for ticket calculations).
Indicated volume of meter for proving oper-
ations.

Indicated volume of master meter for
proving operations.

Indicated standard volume.

Indicated standard volume of meter for
proving operations.

Indicated standard volume of master meter
for proving operations.

Opening meter reading.

Closing meter reading,

Opening master meter reading.

Closing master meter reading.

Number of whole pulses for a single proving
roundtrip.

Number of interpolated pulsces for a single
proving roundurip

Average number of pulses for the proving
roundtrips that satisfy the repeatability
requirements, .

Net standard volume (for ticket calcuila-
tions}).

Scale reading of test measure.

Upper scale reading of open tank prover.
Lower scals reading of open tank prover.
Sediment and water volume (for ticket
calculations). |

Yolume

Volume of container at base conditions.
Volume of container al operating tempera-
ture and pressure conditions.

Waterdraw's test measure volume adjusted
for scale reading and corrected for CTDW
and CCTS.

Sum of all test measures” WD values for a
single pass.

Sum of all test measures’ WDz values for a
single pass corrected to Pb.
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1.9 Liquid Density

The density of the liquid shall be determined by appro-
priate technical standards or, if necessary, by either proper
correlations or equations of state. If multiple panties are
involved in the measurement, the method selected for deter-
mining the liquid’s densities shall be mutually agreed upon.

The density of the liquid at both flowing and base condi-
tions can be obtained by using one of three methods:

a. Empirical density correlation.
b. An equation of state.
¢. An appropriate technical expression.
The liquid’s flowing density (RHO,,) is determined from
the following expression:
RHOy = RHOp x CTL x CPL
and
RHO,,/RHO, = CTL x CPL
It is important to note that RHG,, must be known 10 accu-
rately calculate RHO,,. Appendix B—Liquid Density Corre-
Jadon contains a list of recommended liquid versus API
correlations in accordance with API's position paper dated
1981. Where an API correlation does not currently exist, the

appropriate ASTM standard has been provided to assist the
USET COMmunity.

1.10 Derivation of Liquid Base Volume
Equations
The volume correction factors for the liquid utilized by the
petroleum industry are based on the following fundamental
eXpressions.

1.10.7 DETERMINATION OF INDICATED
VOLUME

The IV is the change in meter reading that occurs during
a receipt or delivery. The word registration, though not
preferred, often has the same meaning. The IV is obtained by
subtracting the Opening Meter Reading {MR,) from the
Closing Meter Reading (MR_).

IV=MR.-MR,
1.10.2 DETERMINATION OF GROSS STANDARD

VOLUME

The GSV is correlated by the following physical expres-
sion:
GSV = Mass/RHO,,
and the mass of the metered quantities by
Mass = IV MF x RHG,,

As a result, the GSV can be calculated by substituting the
various terms 1o armive at the following traditional expression:

GSV=1Vx CTLx CPL x MF
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or
GSV=1Vx CTL x CMF

Note: When using temperatre compensated meter readings (MR, MR,,
IV), the CTL value shall be st to 1.0000.

1.10.3 DETERMINATION OF NET STANDARD
VOLUME

The NSV is the equivalent volume of a liquid a1 its base
conditions that does not include nonmerchantable items such
as sediment and water. The formula for calculating NSV is
as follows:

NSV =GSVx CSW

The correction for sediment and water content (CSW) is
explained in the subsequent section.

1.10.4 DETERMINATION OF S&W VOLUME

The sediment & water volume (SWV) is a calculated
quantity based upon the percent sediment and water
(%S&W) determined by a representative sample of the
quantity of liquid being measured. It represents the nonhy-
drocarbon portien of the liquid and is calculated as follows:

SWV =GSV-[GSV x (1 - [%S&W/100]))

1.11 Principal Correction Factors

Calculations in this publication are based on comrecting the
measured volume of the petroleum liquid to its volume at
base conditions. Correction factors are provided to adjust the
metered volume and the volume of prover or test measures
to base conditions,

1.11.1 LIQUID DENSITY CORRECTION
FACTORS

Liquid density correction factors are employed to account
for changes in density due to the effects of temperature and
pressure upon the liquid. These correction factors are as
follows:

CTL corrects for the cffect of temperature on the liquid
density.

CPL corrects for the effect of compressibility on the
liquid density.

1.11.1.1  Correction for Effect of Temperature on
Liguid (CTL)

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

The correction factor for the effect of temperature on the
liquid’s density is called CTL.. The appropriate standards for

Copyrigtit by the American Petroletm institis
Frt War 24 12-67:41 1000

.the thermal expansion factor for a liquid (CTL) may be

found in Appendix B—Liquid Density Correlation.

1.11.1.2 Correction for Compressiblility on
Liquid (CPL)

If a petroleumn liquid is subjected to a change in pressure, i
density will increase as the pressure increases and decrease as
the pressure decreases. This density change is proportional to
the liquid's compressibility factor (F), which depends upon
both its base density (RHO,,) and the liquid temperature. The
appropriate standands for the compressibility factor (F) may be
found in Appendix B—Liquid Density Correlation.

The correction factor for the effect of pressure on the
liquid’s density {CPL) can be calculated using the following
expression:

, CPL= 1K1 - [P — (Pe,—~ Pb,)) X [F])
and
{Pe,— Pb,) =0

Where:

Pb, = base pressure, in absolute pressure units.

Pe, = equilibrium vapor pressure at the temperature of '
the liquid being measured, in absolute pressure
units. '

P = operating pressure, in gauge pressure units.
F = compressibility factor for liquid.

The liquid equilibtium vapor pressure (Pe,) is considered K
to be equal to base pressure (Pb,) for liquids that have an
equilibriumn vapor pressure less than or equal to atmospheric
pressure at flowing ternperature.

1.11.2 PROVER AND FIELD MEASURE STEEL
CORRECTION FACTORS

Prover correction factors are employed to account for
changes in the prover volume due to the effects of tempera-
ture and pressure upon the steel. These correction factors are
as follows:

CTS cormrects for thermal expansion and/or contraction
of the steel in the prover shel! due to the average
prover liquid temperature.

CPS corrects for pressure expansion and/or contraction
of the steel in the prover shell due to the average
prover liquid pressure.

When the volume of the container at base conditions (Vy,)
is known, the volume at any other temperatuse and pressure
(Vq,) can be calculated from the following equation:

Vp= Vs x CTS x CPS

Conversely, when the volume of the container at any
temperature and pressure (V) is known, the volume at base
conditions (Vy,) can be calculated by
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V= V, /(CTS x CPS)
1.11.2.1 Caorrection for the Effect of Temperature
on Steel (CTS)

Any metal container, be it a pipe prover, a lank prover, or
a portable test measure, when subjected to a change in
teraperature, will change its volume accordingly. The
volume change, regardless of prover shape, is proportional to
the cubical coefficient of thermal expansion of the material.
The cubical cocfficient of thermal expansion is valid when
the calibrated section and its detector switch mountings are
constructed of a single material (pipe provers, tank provers,
and field measures).
Corrections for Single-Walled Container or Prover

The CTS for pipe provers, open tank pruvers, and portable
test measures assumes a singular construction material and
may be calculated from the following:

CTS=1+[(T-Ty}x Gel

Where:
Gc = Mean coefficient of cubical expansion per
: degree temperature of the material of whaich the
container is made between Ty, and T.
T, = Basetemperature,
T = Mean liquid temperature in the container.

The cubical coefficient of expansion (Gc) for a pipe
prover or open tank prover shall be the one for the materials
used in the construction of the calibrated section. However,
the Ge values contained in Table 1 shall be used if the coef-
ficient of cubical expansion is unknown.

The cubical coefficient of expansion {Gc) on the Report of
Calibration furnished by the calibrating agency is the one to
be used for that individual field measure.

Corrections for Small Volume Provers With External
Detectors

While the cubical coefficient of expansion is used in
calculating CTS for pipe provers, tank provers, and field
measures, a modified approach is needed for some of the
small volume provers due to their design. The detector(s) are
mounted exiernally, rather than on the prover barrel itself.
Thus the volume changes that occur due to temperature are
defined in terms of the area change in the prover barrel and
the change in distance between the detector positions. While
occasionally these detector posinons may be on a carbon or
stainless steel mounting, it 1s much more likely that they wil}
be on a mounting of a special alloy that has a very small
linear coefficient of expansion.

For small volume provers that utilize deteclors not

mounted in the calibrated section of the pipe, the comrection-

factor for the effect of temperature (CTS) may be calculated
from the following:
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Table 1—Coefficients of Therma! Expansion
for Steel (Gc,Ga.G1)

Type of Steel Thermal Expansion Coefficient
{per ‘P (per °C}
A. Cubical Coefficient, Ge
Mild Carban 1.86E-05 3.35E-05
304 Stainless 2.88E-05 5.18E-05
316 Stainless 2.65E-05 4 7TE-05
17-4PH Suainless 1.80E-05 3.24E-05
B. Area Coefficient, Ga
Mild Carbon 1.24E-05 2.23E-05
304 Stainless 1.92E-05 3 46E-05
316 Staintess 1.77E-05 3.18E-05
17-4PH Stainless 1.20E-05 2.16E-05
C. Linear Coefficient, Gl
Mild Carbon 6.20E-06 1.12E-05
304 Suainless 9.60E-06 1.73E-05
316 Swinless 8.33E-06 1.59E-05
17-4PH Stainless 6.00E-06 1.08E-05

CTS = (1 + (T, = Tp) X (Ga))) x (1 + [(TTp) x (G1)]
Where:

Ga = Areathermal coefficient of expansion for prover
chamhber.
Gl = Linear thermal coefficient of expansion on
displacer shaft.
T, = Basetemperature.
Ty = Temperature of the detector mounting shaft or
displacer shaft on SVP with external detectors.
T, = Temperawre of the prover chamber.

The linear and area thermal coefficients of expansion used
shall be the ones for the matenials used in the construction of
the prover. However, the values contained in Table | shall be
used if the coefficients are unknown.

1.11.2.2 Correction for the Effect of Pressure on
Steel (CPS)

If a metal container such as a conventional pipe prover. a
tank prover, or a test measure is subjected to an intemal pres-
sure. the wails of the container will stretch elastically and the
volume of the container will change accordingly

Corrections for Single-Walled Container or Prover

Whitle it is recognized that simplifying assumptions enter
the equations below, for practical purposes, the correction
factor for the effect of internal pressure on the volume of a
cylindrical container, called CPS, may be calculated from

CPS =1+ ([(F-P,) X {IDNWKE x W)}

Assuoming Py is O gauge pressure, the equation simplifies
0
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CPS=1+[(PxID)(Ex WT)]
and
ID=0D-(2xWT)
Where:
F

internal operating pressure of prover, in gauge
pressure units.
P, = base pressure, in gauge pressure units,

ID = intemal diameter of container.
E = modulus of elasticity for container material.
0D = outside diameter of container.
WT = wall thickness of container.

The modulus of elasticity (E) for a pipe prover or open
tank prover shall be the one for the materials used in the
construction of the calibrated section. However, the values
contained in Table 2 shall be used if the modulus of elasticity
(E) is unknown.

The modulus of elasticity (E) on the Report of Calibration
furmished by the calibrating agency is the one to be used for
that individual field measure. However, the values contained
in Table 2 shall be used if the modulus of elasticity (E) is
unknown.

Corrections for Double-Walled Container or Prover

Some provers are designed with a double wall to equalize
the pressure inside and outside the calibrated chamber. In
this case, the inner measuring section of the prover is not
subjected to a net internal pressure, and the walls of this
inner chamber do not stretch elastically. Therefore, in this
special case,

CP5 = 1.0000

1.11.3 METER FACTORS AND COMPOSITE
METER FACTORS (MFs, CMFs)

Meter factors (MFs) and composite meter factors (CMFs)
are terms to adjust for inaccuracies associated with the
meter's performance as determined at the time of proving.
Unless the meter is equipped with an adjustment that alters
its registration to account for the MF, an MF must be appiied
o the indicated volume of the meter.

The MF 1s determined at the time of proving by the
following expression:

Table 2—Modulus of Elasticity for
Steel Containers (E)

Type of Steel Modulus of Elasticity

(per psi) {per bar) (per kPa)
Mild Carbon 3.00E+07 2.07E+06 2.07E+08
304 Statnless 2.80E+07 1.93E+06 1.93E+08
316 Swuniess 2.80E+07 1.93E+06 1.93E+08
17-4PH Stainless 2.85E+07 1.97E+06 1.97E+U8
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MF = GSV,,1ISV,,

The CMF may be used in applications where the gravity,
temperature, and pressure are considered constant through-
out the measurement ticket period, or anticipated changes in
these parameters resuit in uncertainties unacceptable to the
parties or as agreed by the parties as a convenience. The
CMF is determined at the time of proving by the following
expression:

CMF = CPL,, x MF

1.11.4 METER ACCURACY FACTOR (MA)

Meter accuracy factor (MA) is a term utilized specifically
for loading rack meters for refined products. In most truck
rack applications, the meter is mechanically or electronically
adjusted at the time of proving to ensure that the meter factor
is approximately unity. This simplifies the bill of lading and
accounting issues associated with truck applications in
refined preduct service.

The MA is determined at the time of proving by the
following expression:

MA =I5V, /GSV,
or the reciprocal of the MF
MA = 1/MF

1.11.5 K-FACTORS AND COMPOSITE
K-FACTORS (KFs, CKFs)

For some applications, K-factors (KFs) and composite K-
factors (CKFs) are utilized to eliminate the need for applying
meter correction factors to the IV. By changing the K-factor
or CKF at the time of proving, the meter is electronically
adjusted at the time of proving to ensure that the meter factor
is approximately unity.

A new K-factor is determined at the time of proving by
the following expression:

New KF = (Old KF)/MF

The CKF may be used in applications where the gravity,
temperature, and pressure are approximately constant
throughout the measurement ticket period. The new CKF is
determined at the time of proving by the following expression:

New CKF = (0ld CKFYCMF

1.11.6 COMBINED CORRECTION FACTORS
{CCF, CCF,, CCF,)

When multiplying a large number (for example, an IV) by
a small number (for example, a correction factor) over and
over again, a lowering of the precision may occur in the
calculations. In addition, errors can occur in mathematical
calculations due to sequencing and rounding between
different machines or programs. To minimize these errors,
the industry selected a method that combines correction
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factors in a specified sequence and maximum discrimination
levels. The method for combining two or more correction
factors is to first obtain a CCF by serial multplication of the
individual correction factors and rounding the CCF to a
required number of decimal places.

Three CCFs have been adopted 1o minimize errors in
calculations:

a. For measurement ticket calculations to determine GSYV,
CCF=CTLxCPLxMF

or

CCF=CTLXCPLx CMF

Note: When using temperature compensated meter readings (MR, MR,,
1V). the CTL value shall be set 10 1.0000 for CCF measurement ticket calcu-
lations,

Note: When using a CMF, the CPL. value shall be set 10 1.0000 for CCF
measurement tickel calculabions,
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b. For proving calculations 10 determine GSV,,,
CCF, =TS, x CPS, x CTL, x CPL,
c. For proving calculations to determine ISV,
CCF,=CIL,, x CPL,,

Note: When using temperature compensated meter readings (MR, MR_.
ISV ), the CTL value shall be sct to 1.0000 for CCF, proving report
calculations.

1.11.7 CORRECTION FOR SEDIMENT AND
WATER (CSW)

Sediment and water are not considered merchantable
components of certain hydrocarbon liquids, such as crude oil
and certain refined products. The correction 1o adjust the
G3V of the liquid for these nonmerchantable quantities s
defined by the following expression:

CSW= {1 - (BS&W/100)]
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APPENDIX A—CORRECTION FACTORS FOR STEEL

The abbreviated tables contained in this appendix are designed to assist the user in vali-
dating computer calculations.

cogyright bry the Amarican Petroleum Institute
i Mar 24 126755 2000
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Table A-1—Temperature Correction Factors for Miid Carbon Stee)

USC('F SI1{'C)
Te 600 15.0 Degree
Geb 1.B6E-05 33SEQS per Degree
USC Units
Observed Observed
Temnperature CTS Temperanire CTS
P (F)
0.0 0 998884 100.0 1.000744
10 0.998903 101.0 1.000763
20 0933921 1020 1.000781
30 0.9989%40 103.0 1.000800
40 0 998958 104.0 1.000818
5.0 0.998977 105.0 1.000837
6.0 0.998996 106.0 1.000856
7.0 0999014 107.0 1.000874
8.0 0.999033 1080 1.000893
9.0 0999051 109.0 1.000911
10.0 0.999070 110.0 100093
50.0 0.999814 150.0 1.001674
51.0 0.999813 151.0 1.001693
52.0 0.999851 152.0 1001711
53.0 0.999870 153.0 1.001730
54.0 0.999888 1540 1.001748
55.0 0.999907 1550 1.001767
56.0 0.999926 156.0 1.001786
510 0.999944 1570 1.001804
58.0 0.999963 1580 1.001823
59.0 0.999981 159.0 1.001841
60.0 1.000000 1600 1.001860
SI Units
Observed Observed
Temperature CTS Temperature CTS
{'C) o
-5.00 0.999330 40.00 1.000838
-4.00 0.999364 41.00 1.000871
-3.00 0 999397 42.00 1.000905
-2.00 0.995431 43.00 1.000928
-1.00 0.999464 44.00 1.000972
0,00 0.999498 45.00 1.001005
1.00 0.999531 46.00 1.001039
2.00 0.999565 4700 1.001072
3.00 0.999508 48.00 1.001106
4.00 0.999632 49.00 1.00113%
5.00 0.999665 50,00 1.001173
15.00 1.000000 60.00 1.001508
16.00 1.000034 61.00 1.001541
17.00 1.000067 62.00 1.001575
18.00 1.000101 63.00 1.001608
19.00 1.000134 &4 00 1.001642
.00 1.0001568 65.00 1.001675
21.00 1000201 66.00 1.001709
2.00 1.000235 67.00 1.001742
23.00 1.000268 68.00 1001776
24.00 1.000302 69.00 1.001809
25,00 1.000335 70.00 1.001843

Note: The correction for the effect of temperanare on steel values are shown (o six decimal places 10 conformance
with the requirements for prover calibrauons and to assist the user 1n validating computer caiculations. The table
shown was calcuiated using the following equanion applicable to conventional pipe and open tank provers;
CTS = 1 +{(T - Tp) = G¢) .

Ty, = Base temperaiure in °F or *C.

bGc = Cubical coefficient of thermal expansion of prover.

Copyright by The ARaricen Petroleam institte
Fri Mar 24 1247:67 2000
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SecTIon 2, PART 1—INTRODUCTION

Table A-2—Temperature Correction Factors for 304 Stainless Steel

USC('FH S1(°C)
Tyr 60.0 15.0 Degree
Ge? 2. 88E-05 518E-05 per Degree
USC Units
Observed Observed
Temperature CTS Temperature CTs
(R (P ’
0.0 0998212 100.0 1001152
1.0 0998301 101.0 1.001181
20 0.998330 102.0 1.001250
30 09983158 103.0 1.001238
4.0 0998387 104.0 1.001267
50 0.998416 105.0 1001296
6.0 0.998445 1060 1001325
70 0998474 107.0 1.001354
8.0 0.998502 108.0 1.001382
9.0 0.998531 190 1.001411
100 0.998560 110.6 1.005440
500 0.999712 1500 1.002592
510 0.999741 1510 1.002621
520 0.999770 152.0 1.002650
530 0.999798 153.0 1.002678
540 4999827 154.0 1.002707
550 0999856 155.0 1.002736
56.0 0.999885 156.0 1.002765
570 0999914 157.0 1.002794
58.0 0999942 158.0 1.002822
59.0 0.999971 159.0 1.002851
60.0 1.000000 160.0 1.002880
SI Units
Observed Observed
Temperature CTS Temperature CTS
(03] (g
-5.00 0998564 40.00 1.001295
4.00 0999016 41.00 1001347
-3.00 G.Y99068 42.00 1.001395
-200 0999119 43.00 1.001450
-1.00 0995171 44,00 1001502
0.00 0999223 45,00 1.001554
1.00 0999275 46.00 1.001606
2.00 0999327 47.00 1.001658
300 0999378 48.00 1.001709
400 0999430 ‘ 49.00 1.001761
5.00 0.999482 50.00 1.001813
15.00 1 000000 60.00 1.00233}
16.00 1.000052 61.00 1.002383
17.00 1.000104 62.00 1.002435
18.00 1 DOO155 63 00 1.002486
19.00 1000207 64.00 1002538
26.00 1.000259 65.00 1.002590
21.00 1.000311 66 00 1.002642
22.00 1.000363 67.00 1.002694
2300 1000414 68 00 1.002745
24.00 1.000466 62.00 1.002797
25.00 1 000518 70,00 1.002849

Note: The correction for the effect of temperature on steel values are shown to six decimal places in conformance
with the requirements for prover calibrations and to assist the user 1n validating computer calcutanons. The table
shown was calculatcd using the following equation apgplicable w0 conventional pipe and open tank provers:
CTS =1+ [(T-T) = Ge)

*Ty = Basc iemperature in ‘F or *C.

bGc = Cubical coefficient of thermal expansion of prover.

Copyright by the American Patroleus institte
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Table A-3—Temperature Correclion Factors for 316 Stainless Steel

USC(CF) SI(CO)
Ty 60.0 150 Degtee
Geb 2.65E-05 4.77B-05  per Degres
USC Units
Observed Cbserved
Temperature CTS Temperarure CTS

93} 4]
00 0.998410 1000 1.001060
1.0 0.998437 101.0 1.001087
20 0.998463 1020 1.001113
30 0.998490 103.0 1.001140
40 0.998516 104.0 1.001166
5.0 0.998543 105.0 1.001193
60 0.998569 106.0 1.001219
70 0.998596 1070 1.001246
8.0 0.998622 108.0 1.001272
9.0 0.998649 109.0 1.001299
10.0 0.998675 1100 1.001325
50.0 0.999735 1500 1.002385
s10 0.999762 151.0 1.002412
52,0 0.999788 1520 1.002438
530 0.999815 153.0 1.002465
540 0.999841] 1540 ~-1.002491
550 0.999868 155.0 1.002518
56.0 0.999894 1560 1.002544
510 0.999921 157.0 1.002571
58.0 .999947 158.0 1.002597
59.0 0.999974 159.0 1.002624
60.0 1.000000 160.0 1.002650

SI Units
Observed Observed
Tempemture CTS Temperature CTs

(Y o] Q)
-3.00 0.999046 40,00 1.001193
-4 00 0.999094 41.00 1001240
-3.00 0.999141 42.00 1.001288
-2.00 0.999189 43.00 1.001336
-1.00 0.999237 4400 1.001383
0.00 0.999285 45.00 1.001431
1.00 0.999332 46 00 §.001479
200 0.9993180 47.00 1.001526
3.00 0995428 45.00 1.001574
4.00 0999475 4900 1.001622
500 0.999523 50.00 1.001670
15.00 1.000000) 60.00 1.002147
16.00 1.000048 61.00 1.002194
1700 1.000095 62.00 1.002242
18.00 1.000143 63.00 1002290
1900 1.000191 64 00 1.002337
000 1.000239 65.00 1.002385
2i.00 1.000286 66.00 1.002433
2200 1000334 67 00 1.002480
23.00 1.000382 68.00 1.002528
24.00 1.000429 69.62 1.002576
2500 1.000477 7000 1.002624

Note: The comrection for the effect of temperature on steel values are shown to six decimal places in conformance
with the requirements for prover calibrations aod 1o assist the user in validatng computer calcniations. The table
shown was calculated using the foliowing equation applicable 10 conventional pipe and open 1ank provers:
CTS=1+{(T-T}) x G¢}

3Ty, = Basc emperature m *F or *C.

5G¢ = Cubicai coefficient of thermal expansion of prover.

Copyright by the Amarican Petroisus ngtituts
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Table A-4—Temperature Correction Factors for 17-4PH Stainless Steel

USC(FH SI{"C)
Ty* 0.0 150 <o
Geb 1.80E-05 3.24E-05 per Degree - e
USC Unis
Observed Observed
Temperature CTS Temperature — CTs

CPH P
- 0.0 0.998920 100.0 1.000720
1.0 0.998938 101.0 - 1.000738
2.0 0.998956 102.0 1.000756
30 0.998974 103.0 1.000774
4.0 0.998992 104.0 1.000792
5.0 0.999010 105.0 1.000810
6.0 0.999028 106.0 1.000828
7.0 0.999046 107.0 1.000846
8.0 0.999064 108.0 1.000864
9.0 0.995082 109.0 1.000882
100 0.999100 110.0 1.000900
5000 0.999820 150.0 1.001620
1.0 0.999838 151.0 1 001638
520 0.999856 152.0 1.001656
530 0.999874 153.0 1 001674
54.0 0999892 154.0 1 001692
55.0 0.999910 155.0 1.001710
56.0 0.999928 156.0 1.001728
570 0.999946 157.0 1.00174%
58.0 0.959964 158.0 1.001764
59.0 0.999982 15%.0 1.001782
60.0 1.000000 160.06 1.001800

SI Units
Observed Observed
Temperature CTs Temperature CTS

(48] 0
-5.00 0999352 40 00 1.000810
-4.00 0.999384 41.00 1000842
-3.00 0999417 42.00 1.000875
-2.00 0.999449 43.00 1000907
-1.00 0999482 44.00 1000945
000 0999514 4500 1.000972
1.00 0999546 46.00 1.001004
2.00 0.999579 47.00 1.001037
300 0999611 48 00 1.001069
4.00 0,999644 49 00 §.001102
5.00 0.999676 50.00 1.001134
15.00 1.000000 60.00 1.001458
1600 1.000032 61.00 1.001490
17.00 1.0000635 6200 1.001523
18.00 1.000097 63.00 1.001555
12.00 1.000130 64 00 1.001588
2600 1000162 65.00 1.001620
2100 1.000194 66.00 1.001652
22.00 1.000227 67.00 1.001685
23.0¢ 1.000259 68.00 1.001717
24.00 1.000292 69.00 1.001750
25.00 1.000324 10.00 1.001782

Note: The correction for the effect of temperature on steel values are shown 10 six decimal piaces in conformance
with the requirements for prover calibrations and to ass;st the user in validating computer calculations. The table
shown was calculated using the following equation applicable 1o conventional pipe and open ank provers:
CTS=1+{T~-T, Gel

T}, = Base temperature an "F or "C.

¥Ge = Cubical oefficient of thermal expansion of prover

topyright by the Amarican Patroleum nstitute
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Table A-5—Pressure Correction Factors for Mild Carbon Steel

USsC SI UsC SI
(psh) (bar) (in) (mm)
Tyt 14.7 150 oDx 10.750 27305
Geb 3.00E+07 2.07E+06 WTd 0375 9.53
- = IDe 10000 254.00
USC Units
Observed Observed
Pressure CPS Pressure CPS
{psig) (psig)
0.0 1000000 500.0 ’ 1.000444
50 1.000004 505.0 1.000449
10.0 1.000069 5100 1.000453
150 1.000013 515.0 1.000458
200 1.000018 5200 1.000462
250 1.000022 525.0 1.000467
30,0 1.000027 5300 1.000471
350 1.000031 5350 1.000476
40.0 1000036 540.0 1.000480
450 £.000040 545.0 1.000484
500 1.000044 550.0 1.000489
50.0 1.000044 300.0 1.000711
550 . 1.000049 805.0 1.000716
60.0 1.000053 810.0 1.000720
65.0 1.000058 g815.0 1.000724
70.0 1.000062 820.0 1.000729
750 1.000067 825.0 1.000733
80.0 1.000071 830.0 1.000738
85.0 1.000076 B350 1.000742
90.0 1.000080 840.0 1.000747
935.0 1.000084 845.0 1.000751
100.0 1.000089 850.0 1.000756
$1 Units
Observed Observed
Pressure CFS Pressure CPS
(bar-g} (bar-g)
000 1.000000 40,00 1.000515
1.00 . 1.000013 41.00 1.000528
2.00 1.000026 42.00 1.000541
300 1.000039 43.00 1.000554
4.00 1.000052 44.00 1.000367
500 1.000064 45.00 1.000580
6.00 1.000077 45.00 1.000593
7.00 1.000090 47.00 1.000605
8.00 1.000103 48.00 1.000618
9.00 1 000116 49.00 1.000631
1000 1.00012% 50.00 1000644
2000 1.000258 60.00 1.000773
21.00 1.000271 6100 1.000786
22.00 1.000283 62.00 1.000799
00 1.000296 63.00 1.O00E12
24,00 1.000309 64 00 1.000824
2500 1.000322 65.00 1.000837
26.00 1.000335 66.00 1.000850
27.00 1.000348 67.00 1.000863
28.00 1.000361 68.00 1.000876
29.00 1.000374 69.00 1.000889
30.00 1.000386 70.00 1.600502

Note: The correction for the effect of pressure on steel values are show to six decimal places in conformance with

the requirements for prover calibrations and to assist the user in validating computer calculations. The tables
* shown were calculated using the following equation applicabie 10 single-walled containers or provers:

CPS =1 +[(P < IDWE x W) ¢0D= Quiside diameter of prover pipe.

*T), = Base emperature is ‘For °C AWT= Wall thickness of prover pipe.

5Gc = Cubical coefficicnt of thermal ex pansion of prover. ¢ID= Inside diameter of prover pipe.

Sopyright by the American Petrokus stitute
1 Mar 24 11-43:04 1000



API MPMS%12.2.1 95 EE 0732290 Q544729 117 WM

SecTion 2, PART T—INTRODUCTION

Table A-6—Pressure Correction Factors for 304 and 316 Stainiess Stesl

usC St usc SI
(psi) (bar) (in) (mm)
Tyt 14.7 . 150 oD 10750 273.05
Ged  2.80E+07 1 93E+06 WY 0375 9.53
D= 10,000 254.00
USC Units
Observed Observed
Prassure CPsS Pressure CPS
(psig) (psig)
0.0 1 000000 500.0 1.000476
5.0 1.000005 505.0 1.000481
10.0 1.000010 5100 1.000486
i5.0 1.000014 515.0 1.000490
200 1.000019 520.0 1.000495
25.0 1.000024 525.0 1.000500
30.0 1.000029 5300 1.000505
35.0 1.000033 535.0 1.000510
40.0 1.000038 540.0 1.000514
45.0 1.000043 545.0 1.000519
50.0 1.000048 550.0 1.000524
50.0 1.000048 800.0 1.000762
55.0 1.000052 805.0 1.000767
60.0 1.000057 $10.0 1.000771
63.0 1.000062 815.0 1.000776
70.0 1.000067 8200 1.000781
75.0 100001 825.0 1.000786
80.0 1.000076 830.0 1.000790
85.0 1.000081 8350 1.000795
90.0 1.000086 840.0 1.000800
95.0 1000050 8450 1.000805
100.0 1.000095 8500 1.000810
51 Units
Observed \ Observed
Pressure CPS Pressure CPs
(bar-g) (bar-g)
0.00 1 000000 4000 1.000553
1.00 1.000014 41.00 1.000566
2.00 1.000028 42.00 1.000580
3 I 000041 4100 1.0005394
4.00 1.000055 44.00 1.000608
5.00 1.00006% 45.00 1.000622
6.00 1000083 45 00 1.000636
7.00 1.000097 47.00 1.000649
8.00 1.00011] 48 00 1.000663
9.00 1.000124 4900 1.000677
10 00 1.00013% 50.00 1.000691
20.00 1000276 60 00 1.000829
2100 1.000290 61.00 1.000843
22.00 1.000304 62.00 1.000857
23.00 1.000318 63 00 1.OODET0
. 24.00 1.000332 64 00 1.000884
25.00 1.000345 65.00 1.00089%
26.00 1.000359 66.00 1.000912
27.00 1.000373 67.00 1.000926
28.00 1.000387 68.00 1.000940
29.00 1.000401 69.00 1.000953
30.00 1.000415 70.00 1.000967

Note: The correction for the effect of pressure on steel values are shown to six decirpal places in conformance with
the reyuirements for proves calibrations and to assist the user in validating computer calculations. The tabies
shown were calculaled using the following cquation applicable to single-walled containers or provers
CPS=1+[(Px IDWE < W] QD= Outside diameter of prover pipe.

2Ty = Base wemperature in "For °C 4WT= Wall thickness of prover pipe.

5Ge = Cubical coeflicient of thermal expansion of proves. ¢[D= Inside diameter of prover pipe.

Copyright by the American Peloleol Wtitute.
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Table A-7—Pressure Correction Factors for 17-4PH Stainless Steel

USsc St UsCc SI
(psi) (bar) (in) {mm}
Tyt 147 15.0 oD= 10.750 273.05
Ge*  2.85E+)7 1 97TE+06 W 0.375 9.5)
D= 10.000 254.00
USC Units
Observed .. Dbserved
Pressure CFS Pressure CPS
(psig) ' (psig)
0.0 1.000000 500.0 1.000468
5.0 1.000005 505.0 1.000473
10.0 1.000009 510.0 1.000477
15.0 1.000014 5150 1.000482
200 1.000019 520.0 1.000487
25.0 1.000023 5250 1.000491
30.0 1.000028 530.0 1.000496
35.0 1.000033 535.0 1.000501
40.0 1.000037 540.0 1.000505
45.0 1.000042 545.0 1000510
50.0 1.000047 550.0 1.000515
50.0 1.000047 8000 1.000749
55.0 1.000051 £05.0 1.000753
60.0 1.000056 810.0 1.000758
65.0 1.000061 8150 1.000763
70.0 1.000065 B20.0 1.000767
75.0 1.000G70 8250 1.000772
80.0 1.000075 830.0 1.0007717
85.0 1.000080 835.0 1.000781
90.0 1.000084 8400 - . 1.000786
95.0 1.000089 845.0 1.000791
100.0 . 1.000094 B50.0 1000795
SI Units
Observed Observed
Preasure CPS Pressure CPS
(bar-g) (bar-g)
0.00 1.000000 40.00 1.000541
100 1000014 41.00 1.000555
2.00 1.000027 42.00 1.000569
3.00 1.000041 43.00 1.000582
4.00 1 000054 44,00 1.00059%
5.00 1.000068 45.00 1.00060%
6.00 1.00008 ] 46.00 1000623
7.00 1 000095 47.00 1.000636
B.00 1.000108 48.00 1.000650
9.00 1.000122 49,00 1.000663
10.00 1.000135 5000 1.000677
20.00 1.000271 60,00 1.000812
21.00 1.000284 61.00 1.000826
22.00 1.0002938 62.00 1.000839
23.00 1.000311 63 00 1.000853
24.00 1.000325 64,00 1.000866
25.00 1000338 65.00 1.000380
26 00 1.000352 66 00 1.000893
27.00 1.000365 6700 1.000907
28.00 1.00037% 68.00 1.000920
2900 1.000393 69 00 1.000934
3000 1.000406 70.00 1.000948

Note: The correction for the cffect of pressure on steel values are shown to six decimal places in conformance with
the requirements for prover calibrations and to assist the user 1 validating compuoter calculations. The tables
shown were calculated using the foliowing equation spplicable 1o single-walled contamers or provers:
CPS=1 +[(PxIDWE x WD)] <0D= Outside diameter of prover pipe.

*Ty, = Base temperature in “F or ‘C. dWT= Wall thickness of prover pipe.

bGc = Cubical coefficient of thexmal expansion of prover, ¢ID= Inside diameter of prover pipe.

Copyrioht by the American Petrokum wstitita
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APPENDIX B—LIQUID DENSITY CORRELATION

B.1 General Information )

The liquid table, found in Table B-1, provides a guide to
the appropriate reference for most of the liquids associated
with the petroleum and petrochemical industry (RHO,, CTL,
F).
The text following the table describes the recornmended
references. The expertise of a physica! properties specialist
should be consulted before adopting the recommendations
contained in the table.

For some older references, tabular values for RHO,, and
CTL cannot be curve fit. Therefore, it is recommended that
linear interpolation of these tables (between columns and
values within a column) be utilized for intermediate calcufa-
tions.

Density Meter Calculations
When using an online density meter, the liquid’s base
density (RHO,,) is determined by the following expression:

RHO, = RHO,,/(CTL x CPL)

Itis tmportant to note that RHO, must be known to accu-
rately calculate RHO,,. Also, for low pressure applications,
CPL may be assumed to be 1.0000 if a sensitivity analysis
indicates an acceptable level of uncertainty.

For some liquids, computer subroutines exist Lo correct to
base density using AP1 MPMS Chapter 11.1 implementation
procedures. However, for elevated pressures, an iterative
procedure to solve for base density is required for fiscal

purposes. The manufacturer should be contacted for consul-

tatton on elevated pressures.

The computation for correcting from density at flowing
conditions (RHOIP) to density at base conditions (RHOy)
may be carried out continuously if mutually agreed between
the parties.

B.2 RHO, Determination

The standards to convert liquid density at observed condi-
tions (RHO,,,,) 1o base density (RHO,) are as follows:

R1.  API MPMS Chapter 11.1, Volume X (ANSVASTM
D1250-1980). Tables 5A, 53A, and 23A cover generalized
crude oils and JP4. The document specifies the implementa-
tion procedures and the rounchng and truncating procedures
to determine the Basc Density (RHOy) from the Observed
Density (RHO,,,;) and Observed Temperature (T, ) at Base
Pressure (Py).

a. Table 5A, used for base temperature of 60°F, covers
generatized crude oils and IP4 over an API@60
gravity range of 0 to 100. For natural or drip gasolines
with API@60 gravities greater than F00. use Table 23
ol ASTM D1250 (Hisworical Edition - 1952),

can Pat mtinte
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b. Table 53A, used for base temperature of 15°C, covers
generalized crude oils and JP4 over a DEN, @15 range
of 610 1o 1075 kg/m3.

c. Table 23A, used for base temperature of 60°F, covers
generalized crude oils and JP4 over a RD@60 range of
0.6110 10 1.0760.

R2. API MPMS Chapter 11.1, Volume X (ANSIVASTM
D1250-1980), Tables 5B, 53B, and 238 cover generalized
products. The document specifies the implementation
procedures and the rounding and truncating procedures to
determine the Base Density (RHO,) from the Observed
Density (RHO;,,) and Observed Temperature (T,,,.) at
Base Pressure (Py).

a. Table 5B, used for base temperature of 60°F, covers
generalized products (excluding JP4) over an API@60)
gravity range of O to 85.

b. Table 53B, used for base iemperature of 15°C, covers
generalized products over a DEN @15 range of 653 to
1075 kg/m3.

¢. Table 23B, used for base temperature of 60'F, covers
generalized products over a RD@60 range of 0.6535 10
1.0760.

R3. API MPMS Chapter 1.1, Volume X (ANSIVASTM
D1250-1980), Tables 5D and 53D cover lubricating oils. The
document specifies the implementation procedures and the
rounding and truncating procedures to determine the Base
Density (RHO,,) from the Observed Density (RHO,,) and
Observed Temperature (T, ) at Base Pressure (Py).

a. Table 5D, used for base temperature of 60'F, covers
lubricating oils over an AP1@60 gravity range of -10 to
40.

b. Table 53D, used for base temperature of 15°C, covers
lubricating oils over a DEN, @ 15 range of 825 10 1164
kg/m3.

R4. ASTM DI250 (Historical Edition - 1952) covers a reia-
tive density at 60°F {RD@60) range of 0.500 1o 1.100. Table
23 converts the observed relative density at the observed
temperature and equilibrium pressure to the RD @60,

RS. ASTM DI550, used for base temperature of 60°F, is
applicable to both butadiene and butadiene concentrates that
contain at least 60 percent butadiene,

B.3 CTL Determination
The standards that have been developed to detenmine the
CTL values for vanous liquids are as follows:

Ci. API MPMS Chapter 11.1, Yolume X (ANSI/ASTM
[21250-1980), Tables 6A, 54A. and 24 A cover gencralized
crude oils and JP4 The document specifies the implementa-
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tien procedures and the rounding'and truncating procedures
to determine the CTL from Base Density (RHO,) and
Flowing Temperature (T).

a. Table 6A, used for base temperature of 60°F, covers
generalized crude oils and JP4 over an API@60
gravity range of 0 to 100. For natural or drip gasolines
with API@60 gravitics greater than 100, use Table 24
of ASTM D1250 (Historical Edition - 1952).

b. Table 54A, used for base temperature of 15°C, covers
generalized crude oils and JP4 over a DEN,@ 15 range
of 610.5 to 1075.0 kg/m3.

c. Table 24A, used for base temperature of 60°F, covers
generalized crude oils and JP4 over a RD@60 range of
0.6110 10 1.0760.

C2. API MPMS Chapter 11.1, Volume X (ANSIVASTM
D1250-1980), Tables 6B, 54B, and 24B cover generalized
products. The document specifies the implementation proce-
dures and the rounding and truncating procedures o deter-
mine the CTL from Base Density (RHOy,) and Flowing
Temperature (T).

a. Table 6B, used for base temperature of 60°F, covers
generalized products (excluding JP4) over an API@60
gravity range of 0-100.

b. Table 54B, used for base temperature of 15°C, covers
generalized products (excluding JP4} over a
DEN,@ 15 range of 653.0 10 1075.0 kg/m3.

¢. Table 24B, used for base temperature of 60°F, covers
generalized products over a RD@60 range of 0.6535 to
1.0760.

C3.  API MPMS Chapter 11.1, Volume X (ANSI/ASTM
D1250- 1980), Tables 6D and 54D cover lubricating oils. The
document specifies the implementation procedures and the
rounding and truncating procedures to determine the CTL
from the Base Density (RHO,,) and Flowing Temperature (T).

a. Table 6D, used for base temperature of 60°F, covers
lubricating oils over an API@60 gravity range of -10 1o
40.

b Table 5413, used for base temperature of 15°C, covers
lubricating oils over a DEN,,@15 range of 82510 1164
kg/m3.

C4. ASTM DI1250 (Historical Edition - 1952) covers a
rejative density at 60°F (RD@ 60) range of (.500 to 1.100 for
LPGs. Table 24 calculates the CTL from the flowing temper-
ature (T} and the RD@60.

C5. ASTM D1250 (Historical Edition - 1952) Table 6, used
for base temperature of 60'F, covers a gravity range for
asphalt. Table 6 is recommended by the API and Asphalt
Institute for CTL determinations.

C6. ASTM D555, used for base temperature of 60°F. is the
industry reference for CTL values associated with certain
aromalic hydrocarbons.

Copyright &y the ARerican Petrokom bstitots
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C7. ASTM D1550, used for base temperature of 60°F, is
the industry reference for CTL velues associated with buta-
diene and butadiene concentrates that contain at least 60
percent butadiene.

C8. API MPMS Chapters 11.2.3 and 11.2.3M cover CTDW
values utilized in water calibration of volumetric provers.

a.” Chapter 11.2.3, used for base temperature of 60°F,
calculates the CTDW for water from the Prover’s
Flowing Temperature (T p) and Test Measure’s Flowing
Temperature (Tp,).

b. Chapter 11.2.3M, used for base temperature of 15°C,
calculates the CTDW for water from the Prover's
Flowing Temperature (T, p) and Test Measure’s Flowing
Temperature (T,). ;

Fixed or Small-Variant Liquid Compesition

Numerous specification solvents, resins, and chemicals
used or manufactured by companies are not compatible with
existing industry CTL tables. For these materials, the parties
may wish to utilize proprietary liquid property tables that
have been used for years and that remain in use for most
applications. In applications where Table 6C of API MPMS,
Chapter 11.1 is used to maintain mdustry compatibility, the
fluid property tables can be used to calculate the desired
alpha value. These values can be used where existing
commercial requirements permit.

Table 6C of API MPMS, Chapter 11.1 calculates the CTL
for a liquid with a composition that is fixed or does not vary
significantly.

Since RHOy, is constant, no correction or determination of
observed gravity is necessary. The APl MPMS standard is
commonly used for specialized products with coefficients of
thermal expansion that do not follow Tables 6A. 6B. or 6D
of AP1 MPMS, Chapter 11.1.

Use of Table 6C requires an equation of state andfor
extensive data on the metered liquid.

B.4 Compressibility Factor
Determination (F)

The density of the liquid shall be determined by appro-
priate technical standards, or 1f necessary. by either proper
correlations or equations of state. To assist in selecting which
methods to utilize, the following information has been
assembled for clarity.

Fl. API MPMS Chapters 11.2.1, 11.2.1M, 11.2.2, and
11.2.2M provide values for compressibility factors (F) for
hydrocarbon liquids. The documents specify the implemen-
tation procedures and the rounding and truncating proce-
dures to determine the F from base density (RHO,), flowing
temperature (T), and flowing pressure (P), -

a. Chapter 11.2.1, used for base temperature of 60°F,
covers hydrocarbon liquids over an AP1@60 range of
0 1o 9.
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b. Chapter 11.2.1M, used for base temperature of }5°C, ' F2. The compressibility factor (F) for water utilized in the
covers hydrocarbon liguids over a8 DEN@ 15 range of calibration of volumctric provers is defined as follows:
638 to 1074 kg/m3,

c. Chapter 11.2.2, used for base temperature of 60°F,
covers hydrocarbon liquids over a RD @60 range of

a. For USC units, a constant F value 3.2E+06 per psi for
water shall be utilized in the calculations.

0.350 to 0.637. b. For 51 units, a constant F value 4 6E+07 per kPa or
d. Chapter 11.2.2M, used for base temperature of 15°C, 4.641E+05 per bar for water shall be utilized in the
calculations.

covers hydrocarbon liquids over a DEN®@15 range of
350 to 637 kg/m3,

Table B-1--Liquid Density

Liquid Type RHO, CTL E

CRUDE QILS
Crude Chls (R1) (a4} {F1)
Natural Gasolines (R1) {Cl) (F1}
Drip Gasolines (R1) (chH (F1)
REFINED PRODUCTS
P4 (R1) (C1} (F1)
Gasoline (R2) (C2) (Fh)
Naphthenes (R2) (C2) (F1)
Jet Fuels (R2) (C2) (F)
Aviation buels (R2) {(C2) (F1}
Kerosine (R2) [(awi] (F1)
Dhesel {R2) C2) (F1)
Heating Oils {R2) {C2) (F1}
Fuel Oi)s (R2) (C2) (FIy
Fumace Oils (R2) (c) (F1)
Lube Qils (R3) (o)} (F1)
Propane (R4) ((oL))] (F1)
Butane (R4} L (F1)
Propane Mixes (R4) {Ca) (F1)
Butane Mixes (R4} f{aC}] (F1)
Isopentane (R4} CH (FI)
Asphalt NA {Cs) {F1)
SOLVENTS )
Benzene NA {C6) (FI)
Toluene NA {C6) {Fl})
Stoddard Solvent Na (C6) (F1y
Xylene Na oy . (Fl}
Styrene N4 (C6) (FI)
Ornthoxylene Na (C6) (F1)
Metaxylene NA (C6) [F1)
Paraxylenc N4 (C6) (F1}
Cyclohexane NA (Ce) (Fiy
T Acelons NA (Ce) (F1)
BUTADIENE
Butadiene (RS) (7 (F1I}
Butadsene Mixtures (R5) (Ch (F1)
WATER
For Volumctnic Provers NA {C8) {F2)

Copyrigitt by the Amarican Petroleus xtitnte
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Chapter 12—Calculation of Petroleurn Quantities

Section 2—Calculation of Petroleum Quantities Using Dynamic
Measurement Methods and Volumetric Co_rrection__ Factors

Part 3—Proving ‘Heports_ .

0 Introduction

When most of the older standards for the calculation of
petrolenm quantities were written, mechanical desk calcula-
tors were widely used for calculating the measurement docu-
ments. Tabulated values were used more widely than is the
case today. Rules for rounding and the choice of how many
figures to enter in each calculation step were often made by
individual operators at the tume of the caiculation. As a
result, different operators obtained different results from the
same data. ’

This multi-part publication consolidates and standardizes
the calculations pertaining to metering petoleun liquids
using turbine or displacement meters and clarifies terms and
expressions by eliminating local variations of such terms. The
purpose of standardizing the calculations is to produce identi-
cal answers from given data. For different operators to obtain
identical results from the same data, the nules for sequence,
rounding, and discrimination of figures (or decimal places)
must be defined.

1 Scope

This part provides standardized calculation methods for the
determination of meter factors under defined conditions,
regardless of the point of origin or destination or units of
mcasurc requircd by governmental customs or statute, The
criteria contained here will allow different entities using vari-
ous computer languages on different computer hardware (or
by manual calculations) to amive at identical results using the
same slandardized input data.

This document also specifies the equations for computing
cortection factors, including the calculation sequence, dis-
crirmunation levels, and rules for rounding to be employed in
the calculations. No deviations from these specitied equations
are permitted, since the intent of this decument is 1o establish
a rigorous standard.

2 QOrganization of Standard

The calculation standard is presently organized into five
parts as foHows: Part | contains a general introduction 1o
dynamic calculations. Pant 2 focuses on the calculation of
metered quantities. Part 3 applies to meter proving caleula-
lions. Parts 4 and 5 apply to the calculation of buse prover
volumgs by two different mcthods. A bricf description of each
of these parts follows.

CopyrnT by the Aserican Petroleum nstitute
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21 PART 1—INTRODUCTION

2.1.1 The base (relerence or standard) volumetric determi-
nation of metered quantities is discussed, along with the gen-
eral terms required for solution of equations. '

2.1.2 General rules for the rounding of numbers, including
field data, intermediate calculation numbers, and discrimina-
don levels, are specified.

2.1.3 For the proper use of this standard, prediction of the
density of the liquid in both flowing and base conditions is
discussed.

2.1.4 An explanation of the principal comection factors
associated with dynamic measurement is presented.

22 PART2—CALCULATION OF METERED
QUANTITIES

22.1 The epplication of this standard to the calculation of
metered quantilies is presented, for base volumetric calcula-
tions in conformance with North American industry practices.

222 Recording of feld data, rules for rounding, discrimi-
nation levels, calculation scquences, along with a detailed
explanation of the calculation steps, are all specified,
together with appropriate flow charts and a set of example
calculations. These examples can be used o aid in checking
out the procedures for any computer calculation routines that
are developed on the basts of the requircments stated 1o this
standard.

2.3 PART 3—PROVING REPORTS

2.3.1 The application of this standard 0 the calculation of
meter factors is presented for base volumetric calculations in
conformance with North American industry practices. Prov-
ing reports are utilized o, calculate meter comection factors
and/or performance indicators. The determinatton of the
appropriate terms is based on both the hardware and the pref-
erences ol users.

2.3.2 Reconding of ficld data, rules for rounding, calcula-
tion sequence, and discrimination levels are specified, along
with a set ol example calculations. The examples are designed
o aid in checkout procedures for any computer routines that
are developed using the requircments stated in this part.
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2 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

2.4 PART 4—CALCULATION OF BASE PROVER
VOLUMES BY WATERDRAW METHOD

2.4.1 The waterdraw method uscs the displacement (or
drawing) of water from a prover into certified volumetric field
standard test measures. Alternatively, for open tank provers,
the waterdraw method may also use the displacement (or
drawing) of water from ficld standard test measures into the
open tank prover. Cenification of the field slandard wst mea-
sures must be traccable to an appropriate national weights
and measures organization.

2.4.2 Reccording of field data, rules for rounding, caleula-
tion sequence, and discrimination levels are specified, along
with a sct of exampie calculations. The cxamples are
designed to aid in checkout procedures for any routines thal
are developed using the requiremnents stated in this part,

2,5 PART 5—CALCULATION OF BASE PROVER
VOLUMES BY MASTER METER METHOD

2.5.1 The master meter method uses a transfer meter (or
transfer standard). This transfer meter is proved under aclual
operating conditions, by a prover that has previousfy been
calibrated by the waterdraw method, .and is designated the
master meter. This master meter is then used to determine the
base volume of a tickd operating prover.

2.5.2 Rceording of ficld data, rules for rounding, calcula-
tion sequences. and discrimination levels are specified, along
with a set of example calculations., Thc examples are
designed to aid in the checkoul procedures for any routines
that are developed using the requirements stated in this part. .

3 References

Several documents served as references for the revisions of
this standard. In particular, past editions of AP{ MPMS Chap-
ter 12.2 provided a wealth of information. Other publications
that were a resource for information are:

APl
Manual of Perroleunt Measurement Standands (MPMS)

Chapter 4—Proving Systems
Chapter 5—Merering
Chapter 6—Metering Assemnblies
Chapter 7—Temperature Determination
Chapter 9——Density Determination
Chapter 10—Sediment and Water
Chaptet | { —Physical Properties Duta
Chapter | 3—Sraristical Analvsis

ASTM!

D1250 Petrofeumn Mcasurement Tables, Current Edition

YAmerican Society for Testing and Materials, 100 Bar Harber
Dnive, West Conshohocken, Pennsylvania 19428,

nsture

DI250 . Petroleum Measurement Tables, Historical Edi-
- tion, 1952
D1550 ASTM Butadiene Measurement Tables
D1555 Calculation of Volume and Weight of Industrial
Ammatic Hydrocarbons
NIST?

Handbook 105-3 Specifications and Tolerances for Refer-
ence Standunds and Field Standards
Handbook 105-7 Small Volume Provers

4 Terms and Symbols

Terms and symbols described below are acceptable and in
common use for the calibration of flow meters.

4.1 DEFINITIONS OF TERMS

4.1.1 barrel (Bbl): A unii volume equal to 9,702.0 cubic
inches or 42.0 U.S. gallons.

412 base prove volume (BPV): The volume of the
pruver a base conditions as shown on the calibration certifi-
cate and obtained by arithmetically averaging an acceptable
numbcr of consecutive calibrated prover volume (CPV) deter-
minations.

4.1.3 calibration certificate: A document stating the
base prover volume (BPV) and other physical data required
for the calibration of flow meters {i.e., E, Gc. Ga. and Gi).

4.1.4 composite K-factor {CKF): A K-factor adjusted
from normal operating pressure {(CPL) to standard pressure
and used to correct the indicated volume where the gravity,
temperature, and pressure are considcred constant throughout
the delivery.

4.1.5 composite meter factor (CMF): A meter factor
currected from normal operating pressure (CPL) to base pres-
sure. This term is used for mcter applications where the grav-
ity, lemperalure, and pressure are considered constant during
the ticket period.

4.1.6 cubic meter (m3): A unit of volume equal to
1,000,000.0 milliliters {ml} or 1.000.0 liters. One cubic meter
equals 6.28981 barrels.

41,7 gross standard volume (GSV): The metered vol-
ume corrected o base conditions and also corrected for the
performance of the meter (MF, MMF, or CMF).

4.1.8 indicated standard volume (/SV): The indicated
meter volume (IV) comrected to base conditions. It does not
conlain any comection for the meter’s performance (MF,
MMF or CMF).

2.5, Depanment of Commerce, National fastitute of Standards and
Technology, Washington, D.C. 20234 (tormerly Natwonal Bureau of
Standards.
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4.1.9 indicated volume (/V): The change in the meter
register head volume that occurs during a proving run (MRo —
MRc). The word registration, though not preferred, ofien has
the same meaning. Altematively, indicated volume {(/V) may
also be determined by dividing the meter pulse output, ¥ or
Ni, duning a proving pass, by the nominal K-factor (NKF).

4.1.10 K-factor (KF): The number of pulses generated by
the meter per unit volume. A new K-factor may be deter-
mined during each proving to correct the indicated volume to
gross volume. If a new K-factor is not usced, then a nominal
K-factor may be utilized to generate a new meter factor,
which will then correct the indicated volume of the meter to
gross volume.

4.1.11 liter (L): A unit of volume equal to 1.000.0 millili-
ters (ml) or 0.001 cubic meters. One liter equais 0.264172
U.S. gallons.

4.1.12 master meter: A transfcr deviee (meter) that is
proved using a certificd prover (called the master prover) and
is then used to calibrate other meter provers or to prove other
flow meters.

4.1.13 master meter factor (MMF): A dimensionless
term obtained by dividing the gross standard volume of the
liguid passed through the master prover during proving by the
indicated standard volume as registered by the master meter.

4.1.14 master prover: A volumetric standard (displace-
ment prover or open tank prover), that was calibrated by the
waterdraw method, with test measures waceable to a national
standards organization, and is then used to calibrate a masler
meter.

4,1.15 meter accuracy {MA): Defined as the reciprocal
of the meter factor. It is a term specifically utilized for loading
rack meters where the meter is mechanically or electronically
adjusted at the time of proving o ensure that the meter fuctor
is approximately unity.

4.1.16 meter factor (MF): Used to comect the indicated
volume of a meter 10 its actual metered volume. It 15 a dimen-
sionless lerm obtained by dividing the gross standard volume
of the liquid passed through the prover (GSVp) when com-
parcd to the indicated standard volume {ISVm) as registered
by the meter being proved.

4.1.17 meter reading (MRo, MRc, MMRo, MMRc):
The tnstantancous display of the register on a meter head.
When the difference between a closing and an opening meter
reading is being discussed, such difference shall be called an
indicated volume.

4.1.18 nominal K-factor (NKF): The number of pulses

per indicated umt volume which 1s used 1o determine the

CogyHoiit by the American Pytrieum stitts
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meter factor. It.is a K-factor generated by. the. manufacturer,
retained as a fixed value, and used to conven meter pulses, N
or Mi, into an indicated volume (fV) during meter proving.
Many instatlations use a nominal K-factor thronghout the
operating life of the meter to provide an audit trail for meter
pmving. e e s - e,

4.1.19 ﬁass: A si.'ngle movement of the displacer between
detectors which define the calibrated velume of a prover.

4.1.20 pressure weighted average (PWA): The aver-
age liquid pressure at the meter for the ticket period.

For volumetric methods, the pressure weighted average is
the average of the pressure values sampled at uniform flow
intervals and is representative of the entire measurement
ticket period.

(P

PWA = -

n

where
e

n = the number of uniform intervals,

Ior time-based methods, the pressure weighted average is
thc sum of thc pressure values sampled during the time
interval multiplied by the volume or mass determined dur-
ing the same time interval and divided by the entire volume
measured. )

pwa Z(Pfx Vi)
- Vi

4.1.21 proving report: A document showing all the
meier and prover data, topether with all the oiher parameters
used to calcuiate the reported meter factor.

4.1.22 round-trip: The combined forward (ou) and
reverse (back) passes of the displacer in a bidirectional meter
prover.

41,23 run, meter proving: One pass of a unidirecuonal
prover, one round-trip of a bidirectional prover, or une filling/
emptying of a tank prover, the results of which are deemed
sufficient to provide a single value of the meter factor (MF,
CMFE, MM F) or K-factor (KF, CKF) when using the average

meter factor method of calculation.

4.1.24 temperature weighted average (TWA): The

average Jiquid wemperature at the meter for the ticket period.
For volumetric methods, the temperature weighted average

is the average of the emperature vaiues sampled at uniform

7

IRE— ?‘&
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flow intervals and representative of the entire measurement
ticket period.

> (Tiy

TWA = 2
n

where

n = lLhe number of uniform inlervals.

For time-based mcthods, the temperature weighted aver-
age 15 the sum of the temperature values sampled during the
time interval multiplied by the volume or mass determined
during the same time interval and divided by the entire vol-
ume measured.

Z(Ti % Vi)
TWA = &=~
Vi

41.25 U.S. gallon (gal): A unit volume equal to 231.0
cubic inches or 3.78541 liters.

4.2 DEFINITIONS OF SYMBOLS

A combination of upper and lower case notauon is used for
symbols and formulas in this publication. Subscripted nota-
tion is often difficult 1o use in word-processed documents and
therefore has not been used in this publication, but may be
employed if the partics wish. Upper case notation is usually
preferred for computer programming and other documents as
deemed appropria, '

Symbols have been defined to aid in clarity and specificity
of the mathematical treatmemts. Some examplcs of the sym-
bol notauon are as follows: CTL = Correction for Tempera-
ture on the Liquid: GSV = Gross Standard Volume: MMF =
Master Meter Facier: CPS = Correction for Pressure on
Steel. In many cases the symbols have additional kctters
added at the end 10 help clarify their meaning and application.
Some of these additional letters are defined as follows: “m”
throughout this document dlways refers to the meter (as in
CTLmy), p” always applics to the meter prover (as in GS5Vp),
“b" means base conditions (as in DENb), "obs™ is abserved
conditions (as in RHOobs), “avg™ defines the average (mean)
of the readings [as in Tpfavg)], “mm” denotes master meter
(us 1n Prum), and “mp” the master prover (as in CCFmp).
Where, occasionally, other additional letiers have been used
they should be just as casy to interpret.

4.2.1 Units
Sl Intemalion:_ll System of Units (e.g.. bars, cubic
meters, kilograms, °C),
usC US Customary Units (c.g., psig, cubic feet,

pounds, °F).

Copyright by the Amorican Peiroleos Bsttots
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422 Pipe Dimensions

Inside diameter of the prover pipe. '
Outsidc diameter of the prover pipe.
Wall thickness of the prover pipe.

42.3 -Liquid Density

APl Density of liquid in degree APL gravity units.

APlb Basc density in degree API gravity units.

APlobs  Ohserved density at base pressure in degree
API gravity units.

DEN Density of liquid in kilogram/cubic meter (kg/m>)
uniis, .

DENb  Base density of liquid in kilogram/cubic meter
(kg/m?) units.~

DENobs  Observed density of liquid at base pressure in
kilogram/cubic meter (kg/m?).

RD Relative density of the liquid.

RDb Base relative density of the liquid.

RDobs  Observed relative density of the liquid at base

: pressure.

RHO Density of liquid (S1 or US Customary) in mass
per unit volume.

RHOb Liquid density at base conditions in mass per
unit volume.

RHOobs Observed density of liquid at basc pressure in
mass per unit volume,

RHOwp  Liguid density at flowing temperature and pres-
sure tn mass per unit volume.

424 Temperature

T Temperature in °F or °C.

b Base temperature in °F or °C units.

Tobs Observed temperature to determine base density
in °F or °C units.

Td Temperawre of detector mounting shaft on
small volume prover with extemnal detectors.

Tdtavg)  Average temperature of the detector mounting
shaft for proving runs, in °F or °C.

Tm Temperature of meter in °F or °C units,

Tmfavg) Average temperature of meter for selected runs
in°For°C.

Tinm Temperature of master meter in °F or °C.

Tmm(avg) Averagc temperature of master meter for selected
proving runs in °F or °C.

Tp Temperature of prover in °F or °C.

Tptavg)  Average temperature of prover for selected prov-
ing runs in °F or °C.

Tmp Temperature of master prover in °F or °C.

Tmpiavg) Average temperature of masler prover for

selected proving runs in °F or °C.
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Temperature weighted average—the average
liquid temperature at the meter determined over
the whole delivery period.

4.25 Pressure

kPa
kPag
psi

psia
psig
Fu
FPb
Pba
Pbg

Pg
Pm

Pmfavg}

Pmm

Kilopascals (SI) in absolute pressure unils.
Kilopascals (SI) in gauge pressure units.
Pounds per square inch (US Customary) pres-
sure umits.

Pounds per square inch (US Customary) in
absolute pressure units.

Pounds per square inch (US Customary) in
gauge pressure units,

Operating pressure in psi or kPa pressure units.
Operating pressure in absolute pressure unils
Base pressure in psi or kPa pressure units.
Base pressure in absolute pressure units.

Base pressure in gauge pressure units.
Operating pressure in gauge pressure units.
Pressure of liquid in meter, in gauge pressure
units.

Average pressure of meter for sclected proving
runs in gauge pressure units.

Pressure of liquid in master meter in gauge
pressure units.

Pmm{avg) Average pressure of master meter for selected

Pp
Pplavg}
Pmp
Pmp(avg)}
Pe

Peb

Pem

Pep
Pemm
Pemp

PWA

proving runs in gauge pressure units.

Pressure of liquid in prover, in gauge pressure
units.

Average Pressure of prover for selected proving
runs in gauge pressure.

Pressure of liquid in master prover in gauge
PITSSUIC units.

Average pressure of master prover for sclected
Proving runs gauge pressurc.

Equilibrium vapor pressure at operating condi-

. tions, in absolutc pressure.

Equilibriumm vapor pressure of hquid at base
temperature, in absolute pressure.

Equilibrium vapor pressure of liguid in meter,
in absolute pressure units.

Equilibrium vapor pressure of Hguid in prover,
in absolute pressure units.

Equilibrium vapor pressure of liguid in master
meter, in absolute pressure

Equilibrium vapor pressure of liquid in master
prover, in absolute pressure

Pressure weighted averape—the average liquid
pressure at the meter determined over the
whole delevery perod.
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4.2.6 Correction Factors-- - . ; N

CCF
CCFm

CCFp

CCFmm

CCFmp -

cPL
CPLm
CPLp
CPLmm
CPLmp

CPS
CPSm

CPSp

CPSmp

CTS
CTSm
CTSp

CTSmp

Fm

Fp

Combined correction factor.

Combined correction factor for meter at prov-
ing conditions. .
Combined correction factor for prover at prov-
ing conditions.

Combined correction factor for master meter at
proving conditions.

Combined correction factor for master prover
at proving conditions.

Basic correction for the compressibility of a
liquid.

Correction for compressibility of liquid in
meter at proving conditions.

Correction for compressibility of liguid in
prover at praving conditions.

Correction for compressibility of liquid in mas-
ter meter at proving conditions.

Comection for compressibility of liquid 1 mas-
ter prover at proving condiuons.

Basic correction for the pressure effects on steel.
Correction for the effect of pressure on steel
meter. "
Correction for the effect of pressure on steel
prover, I
Correction for the effect of pressure on steel in
a mastet prover.

Basic correction for the effect of temperature
on a liquid, 4
Correction for the effect of temperature on a
liquid in a meter at proving conditions.
Correction for the effect of temperature on a
biquid in a prover at proving conditions.
Correction fur the effect of temperature on a
liguid 1n & masict meter.

Correction for the effect of temperature on a
liquid in a master prover.

Basic correction for the effect of temperature
on steel.

Correction for the effect of temperature on steel
meter.

Correction for the effect of tempcerature on steel
in a prover.

Correction for the effcct of temperature on steel
in a master prover.

Modulus of elasticity of a steel prover,
Compressibility factor of liquid in meter (for
CMF and ticket calculations).

Compressibility factor of hquid in meter at
proving conditions.

Compressibility factor of liquid in prover at
proving conditions.
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Fmm Compressibility factor of liquid in mastcr meter
at proving conditions.
Fmp Compressibility factor of liquid in master

prover at proving conditions.

Gl Linear coefficient of thermal expansion on the
displacer shaft or the detector mounting for a
small volume prover.

Ga Area cocfficient of thermal cxpansion of the
prover.

Ge Cubica! coefficient of thermal expansion of the
provcr.

Gmp Cubical cocfficient of thermal expansion of the
Masler prover,

MA Meter accuracy factor.

MF Meter fuctor.

CMF Composite meter factor,

IMF Intermediate meter factor as determined by the
average meter factor method.

MMF Master meter factor.

NKF Nomwal K-Factor, pulscs per indicated unit
volume. :

IKF Intermediate K-Factor as determined by the
average meter facior method.

KF K-Factor, pulses per unit volume.

CKF Composite K-Factor, pulses per unit volume.

q One pulse volume, determined as a volume per
unit pulse.

4.27 Volumes

BPV Base prover volume of a displacement prover.

BPVa Adjusted tank prover volume, defined as the
difference between the upper and lower scile
readings during a proving run.

BPVmp  Basc prover volume of a masier prover.

BPVamp Adjusied base prover volume of a tank prover
when used as a master prover.

MRo Opening meter reading,

MRc Closing meter reading.

MMRo  Opening master meter reading.

MMRc Closing master meter reading.

osv Gross standard volume,

G5Vmm  Gross siandard volume of master meter for
proving operations.

GSVmp  Gross standard volume ol master prover for
proving operations.

GSvp Gross standard volume of prover for proving
operations.

v Indicated volume.

Vm Indicated volume of meter for proving
operations.

Vimm Indicated volume of master meter for proving
operalions.
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ISV Indicated standard volume. -

ISVm Indicated standard volume of meter for proving
operations,

ISVmm  Indicated standard volume of master meter for
proving operations.

N Number of whole meter pulses for a single
proving run.

Ni Number of interpolated meter pulses for a sin-
gle proving run.

Nb Number of whole pulses or interpolated pulses
under base or standird condivons.

Nfavg)  Average number of pulses or interpolated
pulses for proving runs that satisfy the repeat-
ability requirements.

SRu Upper scale reading of atmospheric tank prover.

SR! Lower scale reading of atmospheric tank prover.

5 Application of Chapter 12.2, Part 3

5.1 For fiscal and custody transfer applications, proving
reports are wrilten statements of the calibration of the meter.
In addition, they serve as an agreement between the autho-
rized representatives of the parties concemed as to the calibra-
tion assigned to 4 meter. Proper accounting practices require
thar a proving rcport contains all the field data required to cal-
culate thc meter factor or composite meter factor.

5.2 The purpose of standardizing all the terms and arith-
metical procedures employed in calculating the meter factor
shown in a proving repost is to avoid disagreement between
the parties involved. Chapter 12.2, Part 3—Proving Reports
will obtain the same unbiased answer from the same mea-
surement data. regardless of who or whai does the computing.

5.3 Some custody transfers of liquid petroleum, measured
by meter, are sufticiently small in volume or value, or are per-
forrned at essentially uniform conditions, that the meter can
be mechanically and/or electronically adjusied to read within
a predetermined accuracy. The purpose of determining a
meter factor is 1o ensure the wzcuracy of measurements,
regardless of how the operating conditions change with
respect (o density, viscosity, flow rate, temperature or pres-
sure, by always proving the meler under the specific operat-
ing conditions encouniered.

54 Therelore, it must be noted that the meter factor as cai-
culated by this standard is the meter factor at the operating
conditions at the time of proving. 1 is not, as is often mistak-
enly assumcd, the meter factor at base (standard) conditions.
Although both the prover volume and the meter volume in the
caiculations are adjusted by correctinn factors derived from
the base temperature and base pressure, this is just the most
convenient mcthod of correcting for the temperalusre and
pressure differences of the liquid when passing through the
meter and the prover. The ratio between the prover volune



“STD.API/PETRO MPMS 32.2:3-ENGL -3998~ W ‘0722290 -0612842 0% MM

SECTION 2, PART 3—PROVING REPORTS 7

and the meter volume (GSVp and ISVin) establishes the meter
factor at the applicable conditions (viscosity, temperature,
flow rate, density, pressure, etc.) at the time of proving.
Obtaining a meter factor at base conditions requires that the
meter factor be multplied by both the liquid temperature and
pressure correction factors (CTL and CPL), which must be
derived from the weighted average temperature, weighted
average pressure, and weighted average density of the whole
ticketed volume of the delivery.

5.5 The recording of field data, the calculation sequence, the
discrimination levels, and the rules for rounding, are all speci-
fied, along with a set of example calculations. The examples
may be used to aid in checking out procedures for any com-
puter routines that are developed using the requirements stated.

5.6 Care must be taken 1o ensure that all copies of a prov-
ing report are correct and legible. Standard procedure does
not allow making corrections or erasures on a proving report.
It shall be voided and a new meter proving report prepared.

6 Field of Application
6.1 APPLICABLE LIQUIDS

6.1.1 This standard applies to liquids that, for all practical
purposes, are considered to be Newtonian, single-phase, and
homogeneous at metering conditions. Most Liquids and dense
phase fluids associated with the petroleum and petrochermical
industries are considered to be Newtonian.

6.1.2 The application of this standard is limited to liquids
which utilize tables and/or implementation procedures to cor-
rect metered volumes at flowing temperatures and pressures
to corresponding volumes at base (reference or standard) con-
ditions. To accomplish this, the density of a liquid shall be
determined by the appropriate technical standards, or, alterna-
tively, by use of the proper density correlations, of, il neccs-
sary, by the use of the correct equations of state. If multiple
parties are involved in the measurcment, the method for
determining the density of the liquid shall be mutvally agreed
upon by all concerned.

6.2 BASE CONDITIONS

6.2.1 Historically, the measurement of all petroleum lg-
uids, for both custody transier and process control, ts stated in
volume units at base {reference or standard) conditions.

6.22 The base conditions.for the measurement of Liquids,
such as crude petroleum and its liquid products, having a
vapor pressure equal to or less than aunosphenc pressure at
base temperature, are:

US Custemary Units:
Pressure 14.696 psia  (101.325 kPa)
Temperdlure 60.0°F (15.56°C)
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Intemational Syst:m {ST) Units: . ce e em
. Pressure 101.325kPa (14.696 psia)
Temperature 15.00°C (59.00°F)

6.2.3 For fluids, swch as gpas/liquid hydrocarbons, having a
vapur pressure that is greater than atmospheric pressure at
base temperature, the base pressure shall be the equilibrium
vdpor pressure al base temperature.

6.2.4 For liquid applications, base conditions may change
from one country to the next due to governmental regulations
or to different national standards requirements. Therefore, it
is necessary that the base conditions shall be identified and
specified for standardized volumetric flow neasurement by
all parties involved in the measurernent.

6.3 CLASSIFICATION OF PROVERS

Provers are generally classified according to their type and
design. However, present-day practice also requires that the
method of pulse detection and the measurement technology
utilized by thc prover be specified. N

There are generally three main classes of liquid pm"dSau

displacement provers, tank provers, and master meters.

6.3.1 Displacement Provers

6.3.1.1 Within the classification of displacement provers is
the common type generally known as the pipe prover. It 1s
usually constructed of precisely rounded, coated sections of
pipe. utilizing either a piston or sphere as the method of
sweeping out the calibrated volume during a proving run. The
pipe prover is defined as a prover whose volume is sufficient
to generate a minimum of 10,000 whole, unaltcred pulses as
generated by the primary measurement device between the
detector switches for each pass of the displacer. This results in
a praving pulse resolution of at least one part in ten thousand
(0.0001).

6.3.1.2 Also within this group of displacement provers is
another prover type called the small volume prover (SVP). A
small volume prover may be a pipe prover or a precision-built
small volume proving device, utilizing cither a machined
metal piston or an elasiomer sphere moving between preci-
sion detectors. It is defined as a prover whose volume s not
sufficiently large enough to generate 10,000 whole unaltered
pulses as generatcd by the primary measurement device
between the detector switches for each pass of the displacer.
As a resull, a measurement lechnique called pulse interpola-
tion must be used. This has the capability 1 detect and inter-
polate Lo fractions of a whole pulse, producing a pulse
resolution of one part in tcn thousand (0.0001 ) without hav-
ing to generate 10.000 or more pulscs per proving pass.

."
1
b

al
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6.3.1.3 Displucemenl provers are further divided into two
subgroups, consisting of cither the unidirectional or bidirec-
tional type of fAow design. The primary difference between
these two types is that the unidirectional prover requires only
one proving pass (always in the samc direction) of the dis-
placer, between the detectors, to complete a proving run, The
bidirectional prover requires two passes of the displacer
betwcen the detectors, one in a forward direction and another
in the reverse (back) direction, the sum of these two passes
constituting a proving round-trip.

6.3.2 Atmospheric (Open) Tank Provers

Atmospheric tank provers can.be classified as either top-
filling or bottom-filling proving devices. Both types have a
smaller diameter upper neck attached o the top of the main
body of the tank prover which contains a sight glass wogether
with a graduated scale. Measurement of the liguid in the bot-
tom of the tank prover before filling, ur after draining, is done
by one of three difterent types of bottom design. These types
are defined as lollows:

a. An open tank prover with a top and bottom neck design—
that 15, having sight glasses and graduated scales on both
upper and lower necks. This enables upper and lower liquid
levels to be read and recorded.

b. An open tank prover with a sight glass and graduated scale
on the upper neck. This type has no measurement device at
the boticm: it simply has a tapered bottom, drain line, and
block valve, and is “drained” for a prescribed time to an
empty condition that is repeatable.

c. An open tank prover with a top neck having a sight glass
and graduated scale, This type has a Jower neck design that
always reads zero due to a built-in weir in the bottom of the
prover. This allows the liquid to flow until the U-bend in the
weir is reached, breaking the siphon and stopping the flow at
the same zero mark cach time the tank prover ss emptied.

6.3.3 Master Meters

The masier meter 15 an indirect meter-proving device
which utilizes the concept of transfer proving. A flow meter
with pood linearity and repeatability is selected to serve as a
transfer standard between a meler opcrating in the ficld and a
meter prover. The meter prover and the operating meter are
ofien in differcot gecographic locations, although sometimes
the master meter and master prover arc both in series with the
meter to be proved. Two separate stages are necessary in mas-
ter meter proving: first, the master meler must be proved
using a meter prover {master prover) that has been calibrated
by the waterdraw method. After proving. this master meter is
used to determine a new meler factor for the field meter. OF
all the different meter proving procedures, the master meter
technique has a higher uncerrainty, and particular care must
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be taken when using this meter-proving practice to obtain
accurate results.

7 Precision, Rounding, and
Discrimination Levels

The minimum precision ol the computing hardware must
be equal to or greater than a ten-digit calculator to obtain the
same answcr in all caleulations.

The general rounding rules and discrimination levels are
deseribed in the following subsections.

7.1 ROUNDING OF NUMBERS

' When a number is rounded to a specific number of deci-
mals, it shall always be rounded off in one step to the number
of figures that are to be recorded, and shall not be rounded in
1wo or more steps of successive rounding. The rounding pro-
cedure shall be in accordance with the following:

a. When the figure 1o the right of the last place to be retained
is 5 or greater, the figure in the last place to be retained should
be increased by 1.

b. If the figure to the right of the last place to be retained is -
less than 5, the figure in the last place to be retained should be
unchanged.

7.2 DISCRIMINATION LEVELS

7.21 For field measurements of temperature and pressure,
the levels specified in the various tables are maximum dis-
vrimination levels.

7.22 For example, if the parties agree to use a thermometer
graduated in wholc °F or !/,°C increments, then the device is
normally read 10 levels of 0.5°F, or 0.25°C resolution.

7.23 Likewise, if the partics agree to use a “smart” iemper-
atere transmitter which can indicate to 0.019F or 0.005°C,
then the reading shall be rounded 10 the nearest 0.1°F, or
0.05°C, prior to recording for calculation purposes.

8 Repeatability Requirements

8.1 The meter proving is considered acceptable when the
following criterion has been satisficd:

= Proving repeatability shall be within a range not to
exceed 0.050 percent {(except in the case of proving a
master meter with a master prover, when the repeatabil-
ity shall be within a range not to excecd 0.020 percent).

8.2 As a measure of repeatability, the following equation
shall be utilized to calculate the range (repeatability):

Max-Min

R% =
( Min

)xmo
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8.3 A minimum of two proving runs are required to use the
above formula and determine if the repeatability criterion has
been satsfied.

8.4 Two different meter factor calculation methods are in
common use and are described in this text. The two methods
have been designated the Average Meter Factor Method and
the Average Data Method, The average meter factor method
uses a range of intermediate meter factors calculated for
selected runs, with a repeatability criterion. not to exceed
0.050 percent. The repeatability criterion for the average data
method uses the range of meter generated pulses for selected
runs, which shall not exceed 0.050 percent.

8.5 In the case of proving a master meter with a master
prover, then the acceptable range for repeatability by both the
average meter factor method and the average data method
shall not exceed 0.020 percent.

8.6 Each operating facility shall select a preferred method
of calculation at the time of start-up. If a user should wish to
change to the other method of meter factor calculation at a
tater date, all of the interested parties involved in meter prov-
ing operations should concur prior to any such change being
implemented.

9 Meter Proving Report Calculation
Methods

9.1 The method of determining the number of proving runs
to be made for an acceptable meter proving calibration shal!
be an operator-based (company policy) decision. Examples of
calibration pruving rum seyuences currently in use are 5 con-
secutive runs out of a total of 6 consecutive runs, any 5 runs
out of 6 consceulive runs, 5 consecutive runs out of 10 con-
seculive runs, 3 sets of 5 runs, any 5 consecutive runs, 3 con-
secutive runs, 2 sets of 10 runs. However, there are many
other proving run sequences that are also regularly used
Some guidelines on selecting proving run sequences are pro-
vided in the AP] MPMS Chapter 4.8—Guide to Proving
Operations. The choice of the number of proving runs to be
made is usually established on the basis of many factors,
some of which are; manpower avatability, installed equip-
ment, prover design, automation, cuslomer requirements, cor-
porate measurement policy, pipeline tanffs, contracts, ele. No
maiter what sequence of acceptable meter proving runs are
used. at least two proving runs are required to test that the
repeatability requirement has been achieved.

9.2 Assualed previously, there are two usual and acceplable
meter factor calculation methods. both of which are in normnal
use and are described in this standard—-the Average Meter
Factor Methed and the Average Data Method.

9.3 The average meter factor method calculates an inter-
mediate meter factor (fMF) or intermediate K-factor {IKF)
for each selected proving run based on individual Tp, Tm, Pp,
Pm, and Ni or N valves, The average (mean) of these sepa-
rately calculaled intermediate meter factors (JMF) or interme-
diate K-factors (IKF) is used as the final meter factor.or final
K-factor for the proving report.

Highest IMF — Lowest IMF
Lowest IMF

Repeatability%® = ( ]X 100

94 The range of the intermediate meter factors for the
sclected proving runs is used to determine that the required
repeatability requirement (<0.050 percent) has been satisfied.

9.5 The average data method calculates the meter factor
(MF) or K-factor (KF) using Tpiavg), Tmm(avg}, Pplavg),
Pm{avg), and Niavg) values from all the selected runs whith
salisfy the repeatability requirement (£0.050%).

Highest N - Lowest N
Lowest N

Repeatability% = [ )x 100

9.6 The range of the pulses (M) or interpolated pulses (Vi)
for the selected runs is used 1o determinc that the required
repeatability requirement (0.050 percent) has been satisficd.

9.7 Problems are sometimes encountered when proving a
meter that is temperature compensated using the average data
method of calculation. Shouid the liquid temperature in the
meter change during a proving pass, then the temperature
compensator will make comrections to the shaft output of a
mechanical compensator or change the pulse output of an
clectronic compensator. The amount of this pulsc change is a
function of wo factors:

a. The coefficient of expansion of the liquid in the meter.
b. The total number of pulses generated duning the meter
proving pass.

For cxampie:

If 40,000 puises are generated during each meter proving
pass and the coelficient of expansion per degree Eahrenheit of
the fluid is 0.0005/°F, then:

Pulse Change = 40,000 x 0.0005 = 20 pulses per °F

In the above example, if the liquid temperalure riscs ong
degree Fahrenhett, then the total aumber of pulses generated
during the proving pass will decrease by 20 pulses. Similarly,
if the liquid termperature decreases one degree Fahwenheit,
then the total number of pulses generated will increase by 20
pulses. This phenomenon should be considered when evaluat-
ing the repeatability of the meter pulsc data and the advisabil-
ity of using the average data method in this operation.

.-
&

‘i)



Copyright by the J Pot
Fri Mar 24 13:00:81 2000

STD.API/PETRO NPMS ]-E-‘E-B-EI*;IGL 3998 @R -0732290 Obl2845-bL10 MM

10 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

10 Correction Factors

Calculations in this publication are based on correcting the
measured volume of the petroleum liquid for the difference
between the ternperature and pressure of the liquid in the
prover and the meter. Comection factors are provided to
adjust the metered volume and the volume of prover to base
conditions so that they may be comparcd on the same basis.

10.§ LIQUID DENSITY CORRECTION FACTORS
10.t.1 General

10.1.1.1  The density of the liquid shall be determined by the .

appropriate technical standards, or, alternatively, by use of the
proper density correlations, or, if necessary, by the use of the
correct equations of state. If multiple panties arc involved in the
measurement, the method selected for determining the density
of the liq;.lid shall be mutually agreed upun by all concemed.

10.1.1.2 Appendix A contains a list of recommended lig-
uids versus APl comrelations 1n accordance with the position
paper issued by APlL-in 1981, Where an APl correlation does
nol currently cxist. an appropriate ASTM standard has been
provided to assist the user community:

10.1.1.3 Liquid density correction factors are employed to

account tor changes in density due to the effects of iempera--

ture and pressure upon the liquid. These comection factors
are:

a. CTL—corrects lor the effect of temperature on the liquid
density.
b. CPL—corrects for the effect of pressure on the liquid
density.

10.12 Corvection for Effect of Temperature on
Liquid Density (CTL)

10.1.21 I a volume of petroleum liquid ix subjected to a
change in lemperature, its density will decrease as the tem-
perature rises and increase as the wemperature falls. This den-
sity change is proportional to the thermal coefficient of
expunsion of the liquid and the temperature.

10.1.2.2 The correction factor used for the effect of tem-
perature on the density of a liquid is called CTL. This CTL
factor is a function of the base density (RHOP) of the liguid
and its temperature (7).

10.1.2.3 APt MPMS Chapier 11.1—Volume Correcrion
Factors, Volume X, Background, Development, and Program
Dacwmentaiion, provides the source documentation for com-
puter programs lo determine CTL for crude oils and petro-
leum pruducts. CTL correction factors can also be determined
by use of various standards {ASTM, AP, IP, ISO, etc.) and
also from industry uccepled tables. Appendix A contains

nstituta

assistance in determining an appropriate reference to enable
the correct CTL 10 be determined for the Jiguid involved.

10.1.3 Equilibrium Vapor Pressure

10.1.3.1 Equilibnum vapor pressure (Pe) can be defined as
the pressure required to maintain the liguid state at a given
temperature. Liquefied gases and other volatile liquids have
an equilibrivm vapor pressure higher than atmospheric pres-
sure at their proving temperature. When proving a meter con-
taining these types of fluids, the value of the equilibrium
vapor pressure at the proving conditions is required. To calcu-
late a meter factor for these Huids currently requires the usc of
API MPMS Chapier 11.2.2 for the CPL factor and APT hister-
ical Table 24 for the CTL factor, until such time that they are
superseded by new API standards.

10.1.3.2 The equilibrium vapor pressure of a fluid can be
determined by appropniate technical standards, altemnatively,
by the use of vapor pressure correlations, or, by the use of the
correct equations of state. If muitiple parties arc involved in
the meter proving, then the method selected for determining
the equilibrium vapor pressure of the fluid shall be mutualiy
agreed on by all concerned.

10.1.33 A field method. sometimes used to determine the
equilibrium vapor pressure at proving conditions, is to isolate
thc meter prover after proving and immediately vent off a.
small amount of fluid. The pressure in the prover will quickly -
drop until it reaches a constant reading. The constant reading is
considered the equilibrfium vapor pressure at the proving con-
ditions. At this point, the venting should be stopped, the pres-
sure gauge read, and the reading recorded as either “gauge” or
“absolute™ as appropriate. Veniing 100 aggressively can cause
the temperature to be lowered. which would compromisc the
accuracy of the equilibrium vapor pressure determination since
proving conditions (lemperature) would not he maintained,

10.1.4 Comection for Effect of Compressibility on
Liquid Density (CPL)

If a petroleum liquid is subjected o a change in pressure,
the hiquid density will increase as the pressure increases and
decrease as the pressure decreases. This density change is
proporticnal 1o the compressibility factor () of the liquid,
which depends upon both its base density and the liquid tem-
perature, The comection factor used for the etfect of com-
pressibility on liquid density 1s called CPL. References to the
appropnate standards for the compressibility factor (F) may
be found in AP MPMS Chapier 11.2.1, API MPMS Chapter
112.2, or their metric equivatents, and Appendix A of this
standard. CPL can be expressed as:

cpL=Yo 1
Vo 1-[{P-Pe}xF]
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where
Ve = volume at equilibrium pressure (Pe) at operat-
ing temperature,
Vo = volume al operating pressure (P) al operating
temperature.

a. Where the operating pressure is in gauge pressure units:

!

CPL = [ —((Pg+ Pba-Pe)xF]’

where
Pg = operating pressure of the liquid in gauge pres-
sure units,
Pba = base pressure in absolute pressurc units,

Pe = equilibrium vapor pressure at the temperature
of the liquid being measured, in absolute pres-
SUIE units,
F = compressiblity factor for the liguid.

b, Where the operuting pressure is in absolute pressure units:

_ |
T 1-[{(Pa-Pe)xF}’

CPL

where
Pa = Pg+ Pba,
Pa = operating pressure of the biquid in absolute
pressure units,
Pe = equilibrium vapor pressure at the temperature
of the liquid being measured, in absolute pres-
sure units,

F = compressibility factor for the liquid.

The liquid eqquilibrium vapor pressure (Pe) 1s considered to
be equal to the base pressure (Pba) for liquids that have an
equilibrium vapor pressure less than, or equal to, aimospheric
pressure at the flowing lemperature.

10.2 PROVER CORRECTION FACTORS
10.2.1 General

Correction factors are empioyed to account for changes in
the prover volume due to the effects of temperature and pres-
sure upon the steel, These correction factors are:

a. CT35. which corrects for thermal expansion and/for contrac-
tion of the steel in the prover shell due to the average prover
liquid temperature.

b. CPS, which corrects for pressure expansion andfor con-
traction of the steel in the prover shell due to the average
prover liguid pressure.

Cogyright by the Ameriesn Petroleos instiute
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102.2. . Comrection for the Effect of Temperature on
Steel (CTS)

Any metal container, be it a pipe prover, small volume
prover, tank prover, etc.. when sobjected to a change in tem-
perature, will change its volume accordingly. This volume
change, regardless of shape of the prover, is proportional to
the cubical coefficient of thermal expansion of the material.
The cubical coefficient of thermal expansion is valid when
the calibrated section of the prover and its detector switch
mountings are constructed of a single material.

10.2.3 Corrections for Single-Walled Prover

The CTS for pipe provers and open tank provers assumes a
singular construction material and may be calculated from:

CTS=1+[(T-Th) x CGcl,

where

Ge = mean coefficient of cubical expansion per
degree temperature of the material of which the
container is made between TH and 7,

Tb = base lemperatwre, '
T = average liquid temperature in the container.

The cubical coefficient of expansion (Gc), for a displace-
ment prover or open tank prover shall be the one for the mate-
rials used in the construction of its calibrated section. Should
the cuefficient of expansion be unknown, then the Gevalues
contained in Table 6 shall be used.

The cubical coefficient of expansion (Ge) on the report of
calibration fumished by the calibrating agency is to be used
for that prover.

10.2.4 Comrections for Displacement Pipe Provers
with External Detectors

The cubical coefficient of expansion used to calculate CTS
for some displacement pipe provers must sometimes be mod-
ified because of their design. In a special case, where the
detector(s) are mournted externally and are not on the prover
barrel iself, the volume changes that occur due to tempera-
ture are defined in lerms of the area change in the prover bar-
rel, and a distance change between the detector positions.
While occasionally these delector pusitions may be on a car-
bon or stainless steel mounting shaft, il is much more likely

that they will be on a mounting made of a special alloy {e.g.,

Invar) that has a very small linear coefficient of expansion.

For displacermnent pipe provers, which utilize detectors not
mounted on the calibrated scction of the pipe but are attached
to a separate shaft (e.g., small volume provers), the correction
factor for the effect of temperature (CTS) shall be modified
and calculated as follows:
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CIS={1+[(Tp-TH)yx Ga)) x |1 + [{Td - Th)x GI]},

where

CGa

area thermal coeflicient of expansion for the
prover chamber,

Gl = linear thermal coeffictent of expansion of the
displacer shaft,

Tk = base icmperature,

Td = temperature of the detector mounting shaft or
the displacer shaft with extenal detectors,

Tp = tempcrature of the liquid in the prover chamber.
The lincar and area thermal coefficients of expansion shall
be the ones for the malenals used in the construction of the

prover. The values contained in Table 6 shall be used if the
coeflicients are unknown.

10.2.5 Correction for the Effect of Pressure on
Steel (CPS)

If a metal container such as a pipe prover or a tank prover
is subjected to an internal pressure, the walls of the container
will stretch elastically and the volume of the container will
change accordingly.

10.2.6 Correction for Single-Walled Prover

While it is recognized that simplifying assumptions enter
into the cquations below. for all practical purposes the correc-
tion factor for the effect of the internai pressure on the voiume
of a cylindrical continer, called CPS, may be calculated
from:

(Pg - Pbg)xID

CPS =1+ Y WT

Since Pbg is 0 psi gauge pressure, the equation simplifies to.

+Pg><ID

PSS =
¢ ! ExXWT’

where

D = OD-(2xWT),

Pg = internal operating pressure of the prover, in
Eauge PICSSUTE umits,

Pbg = base pressure, in gauge pressure units,
ID = imemal diameler of the prover,
E = modulus of elasticity for the prover matenal,
0D = outside diameter of the prover,

WT = wali thickness of the prover.

Copyright bY U American Patroloum mstitute
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The modulus of elasticity (E) for a pipc prover or open
tank prover shall be the one for the materials used in the con-
struction of the calibrated section. The values contained in
Table 7 shatl be used if £ is unknown.

10.2.7 Correction for Double-Walled Prover

Some provers arc designed with a double wall to equalize
the pressure inside and outside the calibrated chamber. in
this case, the inner measuring section of the prover is not
subjected to a net internal pressure, and the walls of this
inner chamber do not stretch elastically. Thercfore, in this
special case:

CPS = 1.0000

10.3 COMBINED CORRECTION FACTORS (CCF,
CCFp, CCFm, CCFmm, CCFmp)

When multiplying a large number, for example. an indi-
cated volume {fV), by a small correction factor, such as, CTS,
CPS, CTL, or CPL, over and over again, a lowering of the
precision may occur. In addition, errors can occur in mathe-
matical calculations due 1o sequence order and the rounding
differences between compulers andfur programs. To mini-
mize these errors, 2 method was selected by the industry
which combines all the required correction factors in a speci-
fied sequence and at maxirnum discrimination levels, The
accepted method of combining two or more correction factors
is 10 obtain a combined correction factor (CCF) by senal
muliiplication of the individual correction factors and then
rounding the CCF to the required number of decimal places.

Five combined correction factors have becn adopted and
are used in meter proving calculations to minimize errors:

a. For calculation of the GSVp of a meter prover:
CCFp =[CTSpx CPSp x CTLp x CPLp).

b. For calculation of the GSVmp of a master prover:
CCFmp = [CTSmp x CPSmp x CTLmp x CPLmp}.

c¢. For calculation of the ISVm for a meter being proved:
CCFm =|CTLm x CPLm].

d. For calculation of a master meter volume (GSVmm) when
proving a field meter.

CCFmm = {CTLmm x CPLmm x MMF).

. For calculation of a master meter volume (JSVmm) using a
masler prover:

CCFprun = |CTLmm x CPLmm].
104 METER FACTOR (MF) AND COMPOSITE
METER FACTOR (CMF)
10.4.1 General

Meicr factor (MF) and composite meter factor (CMF) are
nondimensional values which cormect errors of the meter due
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to such factors as temperature, - pressure, viscosily, gravity,
logcther with the mcchanical condition of the meter-(slippage).

10.42 Meter Factor

The meter factor (MF) is determined at the time of proving
by the following cxpression: .

MF < 85Yp
I1SVm

10.4.3 Compaosite Meter Factor

A composite meter factor (CMF) may be used in the fol-
lowing applications:

a. Where the density, temperature, and pressure are consid-
ered constant throughout the measurement ticket period.

b. Where anticipated changes in these paramelers result in
uncerfainties unacceptable to the parties.

¢. When agreed to by all the interested parties as a
convenience.

The composite meter factor is der.erminéd at the time of
proving by the following expression:

CMF=MFxCPL

When calculating the CMF, use a CPL value that is based
on normal metering pressure that occurs when the hydrocar-
bon liquid flow is not passing through the prover.

10.5 METER ACCURACY FACTOR (MA)

The meter accuracy factor (MA) is a lerm utilized specifi-
cally for loading rack meters. In most truck rack applications,
ihe meter is mechanically or electronically adjusted at the
ume of proving to ensure that the meter factor is approxi-
mately unity. This simplifies the bill of lading and accounting
issues associated with truck applications in refined product
service,

The meter accuracy factor (MA) 1s determined at the time
of proving from the reciprocal of the meter factor (MF) as fol-
lows:

MA = 1
MF

106 NOMINAL K-FACTOR (NKF)

A nominal K-factor (MKF} is utilized to determine the
meter facior (MF), master meler factor (MMF), composiic
meter factor (CMF), and meter accuracy (MA). The original
nominal K-factor (WNKF) is a fixed value for a specific meter,
determined by the manufacturer of the device and supplied
with the new meter. This original nominal K-factor is estab-

Cupyright by the American Patroleom Instituts
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lished at the time of installation-of the flow meter and, if
unchanged, can be used to calculate the meter factor, Using a
constant unchanging nominal K-factor provides an audit trail
through the meter proving system, establishes meter factor
control charts, and allows meter factor control of the system.

However, an alternative method 1s to change thc‘_nominal
K-factor every time the meter is proved to an actual K-factor.
Changing the Nominal K-factor at each proving allows the
resulting meter facter to approach unity. In this type of opera-
tion, it is necessary to track K-factors as an audit trail require-
ment and to generate K-factor control charts to maintain o
history on the meter. '

10.7 K-FACTOR (KF) AND COMPOSITE
K-FACTOR (CKF)

10.7.1 General

For some applications, K-factors (KF), and composite K-
factors (CKF) are used Lo ¢liminate the need for applying
meter factors 1o the indicated volume (fV). As discussed
above, by changing the KF or CKF at the time of proving, the
meter is eiectronically adjusted at the time of proving to
ensure that the meter factor is approximately unity.

10.7.2 K-factor (KF)

The actual meter K-factor (KF) as differentiated from the |

nominal K-factor, is described by the following formuia:
Nb k

KF = ——
GSvp

When the number of pulses (N) or interpolated pulses (M)
per proving run are reduced to base or standard conditions by
the use of CTLm and CPLm, the resulting pulses at base con-
ditions (N&) arc given by one of thesc expressions:

Nb=Nx CILmx CPLm,
or

Nb=Nix CTLm x CPLm

However, we know that:
CCFm=CTLmx CPLm
Therefore,

Nb=Nx CCFm or Nb=Nix CCFm.

We also know that the GSVp of the prover—that is, the
“true” volume of liquid passing through the pruver during a
proving run, is calculated from the fallowing equation:

GSVp = BPVx CCFp,

A
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and also that
CCFp=CTS5p x CPSp x CTLp x CPLp.

Therefore, application of the above formula enables an
actual K-factor to be calculated.

Altcrnatively, a new K-factor can also be determined at the
time of proving by use of the following formula:

KF
acrual KF = — |
MF

where

actual. KF = 1he actual K-factor to be calculated from the
present meter proving,

KF = the K-factor uscd in the meter proving to cal-
culate the meter factor,

MF = the new meter factor calculated from the
meter proving.

10.7.3 Composite K-Factor (CKF)

The composite K-factor (CKF) may be used in applica-
tions where the gravity, tcmpcerature and pressure are approx-
imately constant throughout the measurement ticket period. A
new composite K-factor can be determined at the ume of
proving by the following expression: ’

actual KF

.CKF =
new CPL

The CPL shall be calculated using the average pressure
during the delivery (see explanatory notes at the bottom of
Table 8).

10.8 ONE PULSE VOLUME (g)

When repeated calculations are being processed manualty,
the reciprocul of the K-faclor may sometimes be a more use-
ful quantity for field use than the K-factor itsell. This recipro-
cal is called the one pulse volume (¢) because it indicates the
volume delivered by the meter (on average) while one pulse is
being emitted. It is defined by the following equation:

q=ﬁ

Thus, g has the dimensions of volume; when it is muli-
plied by the number ol pulses emitted by the meter, the result
is the volume delivered through the meter.

Cogryrigiit by the Amarican Petrolonm Institirts
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11 Recording of Field Data

All required field data shall be recorded and rounded in
accordance with the discimination levels specified in this
section. [n addition, see 7.2 which also discusses discrimina-
tion levels. . )

Discrimination levels of field data less than those specified
may be permitted in the meter factor calculalion procedures if
their use is mutually agreeable to al the paries having an
interest in the custody transaction.

Discrimination levels of field data grearer than those spec-
ified are not in agreement with the intent of this standard and
shall not be used in the meter factor calculation procedurcs.
Field devices (e.g., smart temperatwe and pressure sensors),
which are capable of measuring o discrimination levels
beyond those specified in the following tables, must have
their vatues rounded prior to their use in any calculativns.

Rather thap stating a minimum level of instrument discrim-
ination for all metering applications, the user is restricted to a
maximuin level for recording fiekd data,

11.1  SPECIFIED DISCRIMINATION LEVELS FOR
FIELD DATA

Specified discrimination levels for field data are listed in
the Lables indicated below:

1111 Liquid Data

RHO, DEN, API RD Table 1
RHOb, DENb, APib, RDb Table 1
RHQobs, DENobs, APlobs, RDobs Table 1
Tobs, Th Table 3
11.1.2 Prover Data
oD, 1D, WT Table 2
Tp, Tmp, Td Tabie 3
Pp, Pmp, Pb Table 4
Pep, Pemp Table 4
Fp. Fmp Table 5
Ge. Gmp, Ga, Gl Table 6
£ Table 7
SRu, SRI Table 9
BPV, BPVa Tuble 9
BPVmp. BPVimp Table 9
11.1.3 Meter Data
T, Tnm Table 3
Pm, Pmm Table 4
Pem, Pernm Table 4
Fm, Fmm Table 5
NKF. KFE CKF Table §
N, Ni, N(avg), Nb Table 10
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11.2 DISCRIMINATIONTABLES

In the tables that follow, the number of digits shown as (X)
in front of the decimal point are for illustrative purposes oaly,
and may have a value more or less than the number of (X)
Hustrated. -

The number of digits shown as {X) after the decimal point
are very specific, as they define the required discrimination
level for each value described.

Tables 8 and 9 have letters, such as ABCD.xx; to the lefi of
the decimal point, in this case the letters do give the actual
size of the value before the decimal and are intended to be
specific, not illustrative. ] )

In cases where a value is shown with the number § in the
last decimal place, such as XX.x5, this is intended to signify
that the last decimal place in the value must be rounded to
either 0 or 5, no other vatue 15 permitted.

Table 1--lLiquid Density Discrimination Levels

DEN
AP tkeM3) RD
Observed Density (RHOobs) XXX.x XXXX.5 X.X%Xx5
Base Density (RHOb) XXX x 0O X 20txx
Flowing Density (RHOp) XXX.x XXX x Xoxxxx
Table 2—Dimensional Discrimination Levels
US Customary SI Units
(inches) {mm)
Outside Diameter of Prover Pipe {0D) XX.xxx XK xx
‘Wall Thickness of Prover Pipe (WT} X200 XX xx
Inside Diameter of Prover Pipe (/D) XL xxx XXX xx
S
Table 3—Temperature Discnirmnaton Levels
US Customary SI Unils
°F) °C)
Basc Tcmperature (T8) 60O 15.00
Observed Terperature (Tobs) XXX XX.x5
Prover Temperatures [ Tp, Tptavg), Tmp, Tmpiavg ] XX.x XX.x5
Meter Temperawres [Tm, Tmfavg), Tmm, Trmmtavg)j XX.x XX.x5
Detector Mounting Shall Temperatures [Td, Tdfavy)] Xx XX .x5
XX.x XX.x5

Weighted Average Temperare (TWA)

Conyright by the Americwn Petroloum B tituts
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Table 4—Pressure Discrimination Levels

US Customary SI Units
{psia) {psig) (bar) (kPa}
Base Pressure (Pb, Pba, Pbg) 14.696 0.0 1.01325 101325
Prover Prt;ssurcs [Pp, Ppiavg). Pmp. Pmpfavg)) XX.x xXx.0 XX.x XX.0
Meter Pressures [Pm, Pm(avg), Pmm, Pmm{avg)] XX x XX.0 XX x XX.0
Weighted Average Pressure (PWA) XX.x XX.0 - XXX XX.0
Equilibrium Vapor Pressures [ Pe, Peb, Pep, XX .x XX.0 XX x XX0

Pepiavg ), Pem, Pemiavg), Pemm, Pemmiavg),
Pemp. Pemplavg)) i

Table 5—Compressibility Factor Discrimination Levels (R, Fp, Fm, Fmp, Fmm)

US Customary Units SI Units
{psi) {bar} {kPa)
0.06000xxx 0.0000xxx 0.000000xxx
0.0000xxxx 0.00000; 0.00000xxxx
0.000x0exx 0.00xxx00x . 0.0000000cx

Table 6—Discrimination Levels of Coefficients of Thermal Expansion

Thermal Expansion Coefficients

Type of Steel (per °F) {per °C)
Cubical Cocffictent (Ge, Gmp)

Mild Carbon 0.0000186 0.0000335

304 Swinless 0.0000288 0.0000518

316 Swanlcss 0.6000265 0.0000477

17-4PH Siainless 0.0000180 0.0000324

Area Coefficiemt (Ga)

Mild Carbon ’ 0.0000124 0.0000223
304 Stainless 0.0000192 0.0000346
316 Stainless 0.0000177 0.0000318
17-4PH Suinless 0.0000120 0.0000216

Lincar Cocllicient (G/)

Mild Carbon 0.00000620 0.0000112
304 Stainkess 0.40000960 0.0000173
316 Suinkess 0.00000883 0.0000159
17-4PH Stainless 0.00000600 0.0000108
Invar Rod 0.00000080 0.0000014

Copyriplt by the American Peirokom istitute
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Table 7—Modulus of Elasticity Discrimination Levels (£)

US Customary Uniis Sl Units
(psi) (har) {kPa)
Mild Steel 30,000,000 2,068,000 206,800,000
304 Stainless Steel 28,000,000 1,931,000 193,100,000
316 Stainless Steel 28,000,000 1,931,000 193,100,000

Table 8—Correction Factor Discrimination Levels

CTSp X X00xx

CTSmp X XXXXX

CPSp Xoanoxxx

CPSmp XXXXAX

CTLp Xo0axxx

CTLmp X300

CPLp X0o0oexx

CPLmp X000

CCFp Xxaxxx

CCFmp HoxXxAXX

CTLm X xxxxx

CTLmm X.XXxxx

CPLm X.xxxxx

CPLmm Xxxxxx

CCFm X.00exx

CCFmm X000k

IKF AB.xxxx or ABC.oox or ABCD.xx or ABCDE .x
NKF Value recorded as determined by manufacturer.
KF AB.xxx or ABC.xx or ABCD.x or ABCDE.O
CKF AB.xxx or ABC.xx or ABCD.x or ABCDE.O
IMF X300

MF X0

IMMF X000

MMF Xoxxxx

CPL X.xxxx.2

CTL T X!

CMF Koxxx

MA KAxXxX

Notes on specific uses of CPL and CTL:

. 1CPL and CTL are calculated vsing PWA, TWA, and the average density [RHG(avg)]. as determined for the
whole metered delivery of the liquid. when used to calculate the CCF for a measurement ticket. CCF s derived
from CTL x CPL x MF, which can also be defined as the meter factor at base condinens.
2CPL s required to calculate a CMF or CKF, and 15 calculated using an assumed average pressure, average
temperarure, and average density, for the whole debnery at the ume of proving.

Copyright by the American Petroloum Institote
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Table 9—Volume Discrimination Levels

US Customary Units 51 Ungits
(Bbl) (gal} (M%) L)
Meter Readings (MMRo. MRo, MMRc, MRc) XX xx XX x XL X
Scale Readings (SRu, SRD X000 X xx —_ X
Volume Discrimination Levels (BPV, BPVa, ABC.xomxx ABCDE.x AB.0OOXX ABCDE.x
BPVmp, BPVamp, iVm, IVmm, ISVm, ISVmm,
GSVp, GS¥mp, GSVm, GS5Vmm)
AB.x0Cx ABCD.xx AL X0D00¢ ABCD.xx
AXXXXX ABC.xxx 0. 20000 ABC.xxx
0. xxxxxx AB.ox 0.0x00000x AB .00
Table 10—FPulse Discrimination Levels
N Ni Nb, Mavg)
Whole Pulse Applications XX.0 - XX.x
Putsc Interpolation Applications - X exx 206 20x%

Eopryright by the American Petroleum s tttuta
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12 Calcutation Sequence, Discrimination
Levels, and Rules For Rounding

The following section describes the steps required to
obtain a calculated value for a meter factor, based on stan-
dardized input data and exact calculation procedures. This
will ensure that all interested partics will arrive at the same
answer. Note that after the first five steps, which are com-
mon (o both the average meter factor method and the aver-
age data method in determining the meter factor value, the
two methads diverge. They are described separaiely follow-
ing Step 5, 12.1.

12.1 DISPLACEMENT PROVERS

This section rigorously specifies the rounding, calculation
sequence, and discrimination levels required for meter prov-
ing report calculations using pipe provers and small volume
provers. '

The procedures outlined below do not include the require-
ments for the calculations associated with RHOb, CTL, and F.
The rounding, calcolaticn sequence, and discrimination levels
for these terms are, for the most part, contained in the refer-
«ences listed in Appendix A. When a reference does not con-
tain an implementation procedure, Appendix A contains a
suggested method of implementation.

a. Step |—Enter Initial Prover Data.

Enter all the following prover information, 1aken from the
prover calibration certificate into the meter proving repon
form:

+ Manufacturer and serial number.

* Type of prover.

* Base prover volume (BFPV).

¢ Inside diameter (/D).

*  Wall thickness (WT).

+ Coefficient of cubical expansion {Gc).

* Modulus of elasticity (E}.

= Coefficients of linear and area expansion (Gl Gu) (If

using a small volume prover with extemally mounted
detectors).

b. Step 2-—Enter Initial Meter Data.
Enter the following information on the meter being proved
and record on the meter proving report form:
*  Norunal K-factor (NKF) or actual K-factor (KF).
*  Whether the meter is temperature compensated.
*  What the proving report should calculate (MF, CMF,
KF. CKF, or MA).
» Calculation method used (average data method or aver-
age meter factor method).
= Company assigned meter number.
*  Meter manufacturer, size, and type.
« Meter model number and serial number,
«  Flow rate.
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* Proving report number and date of proving.
* Nonresetable totalizer reading.

c. Step 3—Enter Fluid Data.

1. Enter the following information on the hydrocarbon

liquid being metered:

* Type of liquid on which meter is being proved.

+ Batch number of the receipt or delivery.

» Observed liquid density (APlobs, DENobs, RDobs,
RHOobs).

» Observed liquid temperature for density {Tobs).

* The selected implementation procedure required
(Tables 5A/6A, 5B/6B, etc.).

¢ Viscosity (if needed).

2. If using an armosphencalb unstable liguid—that is.

the equilibrium vapor pressure is higher than the ammo-

spheric  pressure—enter the following additional

information:

= The liguid proving temperature in °F or °C.

+ The equilibrium vapor pressure of the fluid at the prov-
ing temperature, in appropriate pressure units.

3. If the proving report requires the calculation of CMF
or CKF 1erms, then enter the following additional
information.

+ The normal operating pressure of the liquid in gauge
pressure units, which is assumed to be constant
throughout the delivery.

* The liquid temperature of the meter while proving,
which is assumed to be the normal operating tempera-
wre and aiso assumed to be constant throughout the
delivery.

d. Step 4—Record Run Data.
For every proving run, record the following data:

Discrimination
Levels

Prover Data

Tr Tabte 3

Pp Tablc 4
Meter Data

Tm Table 3

Pm Tablc 4

Nor Ni Table 10

e. Siep 5—Determine Base Density.

Using the vbserved density (RHOvbs, DENobs, APlobs, or
RDobs) and observed temperature (Tobs), calculate the base
density (RHOb, DEND, APIb, RDb). This liquid density shall be
determined by the appropriate technical standards, or, alierna-
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tively, by use of the proper density correlations, or, if necessary,
by the use of the correct equations of state. Round the density
value in accordance with specifications given in Table 1.

For some liquids (purc hydrocarbons, chemicals, sol-
vents, etc.), the basc density is a constant value as a result of
stringent manufacturing specifications. This density value
must be stated in accordance with the requirements speci-
fied in Table 1.

At some metering facilities, online density melers {densito-
meters} are installed 0 continuously monitor and determine
density in real time. In these cases, users should refer to
Appendix A for information and references on special calcu-
lation requirements.

12.1.1 Determination of the Meter Factor Using the
Average Meter Factor Method

a. Step 6A—~Calculate GSVp.

The gross standard volume (GSVp) of the prover—that is,
the “true” volume of liquid passing through the prover dur-
ing the proving run—is calculated by the foliowing equa-
uon:

GSVp=BPVxCCFp

The base praver volume (BPYV) is obtained from the initial
prover data in Step |, 12.1.a

To calculate the Combined Correction Factor (CCFp)
requires that all four individual correction factor values,
CTSp x CPSp x CTLp x CPLp. arc calculated. They are then
scquentially muliiplied together, in the order specified, for
each selected proving run, to obtain the combined cormrection
factor (CCFp). Round result as shown in Table 8,

I. Dctermine CTSp:

The CTSp vatue corrects for the thermal expansion of
the steel in the prover calibrated scetion, using the prover
liguid wemperature (Tp), and is calculated for each selected
proving run.

For displacement provers with detectors mounted in the
calibrated section, the following formula shall be used:

CTSp=1+[(Tp - Th)x Gc)

For displacement provers, usually small volume prov-
crs, thal utilize detectors mounted on an exicmal shafl, the
modified formula shall be used:

CTSp={1+{{(Tp-Th)x Ga]) x {1 + [(Td - Tb) x Gi]}

The CTSp value shall be rounded in accordance with
Table 8 discrimation lcvel requirements.

oIt by the American Pet) nstituts
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2. To Determine CPSp:

The CPSp value corrects for the expansion of the steel in
the prover calibrated section, using the prover liquid pres-
sure {Pp), and is calculated for each selected proving run.

The CPSp for a single wall pipe prover shall be calcu-
lated using the following formula;

(Pp— Pbg)yxID

CPSp=1
Sp= Ve wE
where
ID = OD-(2xWD),
Pbg = Opsig

For a doublc wall displacement prover. the value of
CPSp = 1.00000.

The CPSp value shall be rounded in accordance with
Tablc 8 discrimination level requirements.

3. Determine CTlp:

The CTLp value corrects for thermal expansion of the
liquid in the prover calibrated section and is calculated for
cach selected proving run.

Using the base density (RHOb, APIb, RDb, and DENb)
and the temperature of the liquid (7p), together with the
appropriate standards or computer routincs, a value for
CTLp can be obtained. Roend the vaiue according 10 the
discrimination level requiremenis specified in Table 8.

4. Determine CPLp:

The CPLp value comrects for the compressibility of the
hquid in the prover calibrated section for each of the
selectcd proving runs.

Using a density value (RHOb, APIb, RDb, DEND), the
prover pressurc (Pp), and the prover temperature (7p), cal-
culate the value of Fp using the appropriate technical
standards. Round this value according 1o the discrimina-
tion ievel requirements specified in Table 5.

Using the compressibility factor (Fp) together with the
pressure in the prover calibrated section (Pp), the equilib-
num vapor pressure of the liquid in the prover (Pep), and
the base pressure (Pba), calculate the CPLp value using
the following expression:

I

CPLp =
P = T—[(Pp+ Pba—Pep) x Fpj

Round this value according to the requirements speci-
fied in Tabie 8. ‘

Note: [ the vapor pressure ol the liquid is less than atmospheric
pressure at normal temperature, then Pep is considered (o be zero
psig.
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5.Determine CCFp:

The Combined Correction Factor of prover (CCFp) is
calculated by serial multiplication of the above correction
factors in the order specified, using the equation shown
below. This value shall be rounded according to the
requirernents specified in Table 8:

CCFp=CTSpx CPSpx CTLp x CPLp

Calculate GSVp by use of the formula defined at begin-
ning of Step 6A.

Make sure that the 8PV, the nominal K-factor (NKF) or
K-factor (KF), and the register head volume are all in the
same untts.

b. Step 7A—Calculate I5Vm.

The indicated standard volume (ISVm) of meter is the vol-
ume of the liquid passing through the meter for the selected
runs with no correction for meter inaccuracies, calculated by
the following equation:

ISVm=IVmx CCFm

I. Determine fVm:

Using a digital pulse train, calculate the indicated vol-
ume (/Vm} of liquid passing through the meter by dividing
the pulscs (M) or the interpolated pulses (M), for each
selected proving run, by the nominal K-factor (MKF), as
shown below. Round and record the value of iVm in
accordance with the discrimination leveis specified in
Table 9

N Ni
IVm = NEE or IVm = NEE
2. Determine CCFm:

To calcuiate the combined correction factor (CCFm).
two comection factor values, CTLm and CPLm, are calcu-
lated and then sequentially mulipied in the order
specified.

The correction factors CTSm and CPSm are not used in
meler proving applications. Since the effects of lempera-
ture and pressuse on steel within the much smaller meter
cavity or volume is relatively instgnificant, they can he
ignored in most cases. The eflects arc reflected wn the
meter factor calculated at the time of proving.

3. Determine CTLm:

The CTLm value comrects for the thermal expansion of
the liquid in the meter. Using a base density (RHOb, APID,
RDb, DEND) and the temperature {Trm) of the liquid in the
meter, together with the refevant standards or computer
roulines, a value lor CTLm is obtained for each of the

selected proving runs. Round this value according to the
discrimination level requirements specified in Table 8.

4. Determine CPLm:

The CPLm value comrects for the compressibility of the
liquid in thc meter. Using the density value (RHOb, APIb,
RDb, DEND), the meter pressure (Pm). and the meter tem-
perature (Tm), for each of the selecied proving runs,
calculate the value of the compressibility factor (Fm)
using the..appropriate technical standards. Round this
value according to the discrirenation level requirements
specified in Table 5.

Using the compressibility factor {Fm) together with the
pressure in the meter (Pm), the equilibrium vapor pressure
of the liquid in the meter (Pem), and the base pressure
(Pba), for each of the selected proving runs, calculate the
CPLm value using the following expression.

i
1-[(Pm+Pba—Pem)xFm]

CPLm =

Note: If the vapor pressure of the iiguid is less than atmospheric
pressure at normal temperature, then Pem is considered o be zero

psig.

Having determined the two required correction factors,
calculate thc combined comection factor of the meter
(CCFm) by serial multiplication of the comection faclors
using the equation shown below. Round this value accord-
ing to the requirements specified in Table 8.

CCFm = CTLm x CPLm

The ISVm is then calculaied by the equation shown
below:

ISVm=IVmx CCFm

¢. Step 8A—Calculate IMF
Imermediate meter factors (fMF) are determined for each
of the selected proving runs by the formula:

mF = G5V
1§Vm

Record and round the values of the JMF according to the
discrimination level requirements specified in Table 8.

d. Step 9A—Calculate Repeatability.

To judge the acceptability of the selected run daa, the
repeatability {range) using the average meter faclor method
must be calculated by the following method.

Intermediate meter factors are calculated for each selected
pass or round trip of the prover. The range of these intermedi-
ate meter faciors for all the acceptable proving runs is now



STD.API/PETRO MPMS .2.2.3-ENGL 1998 NN (732290 Db12857 332 W

22 CHAPTER 12—CALCULATION OF PETROLEUM QUANTITIES

calculated and used as the measure of acceptability for the
meter proving. In this method, the complete calculation steps
needed to determine an intermediate meter factor have 10 be
performed for cvery selected pass or round irip, and then
these intermediate meter factors must be compared to assess
their acceptable repeatability.

An example of this repeatability check is shown in the
table at the bottom of this page.

Max-Min
\R% = —M;!—x

100

0.39343 - 0.99319

= 4
599310 X 100 = 0.024%

Range % =

e. Step 10A—Calculate Final MF.

Meter Fuctor (MF) is a value used 1o adjust [ur any small
inaccuracies associated with the performance of the metcr as
determined at the time of proving. Having cstablished that the
range (repeatability) of the intermediale meter faciors (/MF)
meets the acceptability criteria, a final meter factor shall be
catculaled as follows:. ’

ZIMF

considercd constant throughout the measurement licket period,
or as agreed by all the parties concemned as a convenience. The
composite meter factor is determined at the time of proving by
correcting the meter factor from normal operating pressure to
base pressure (CPL), using the following expression:

CMF=MFx CPLm

When calculating the CMF, use a CPLin value that is based
on the normal mcter operating pressure that occurs when the
flow is not going through the prover. Record and round this
value to the requircrnents specified in Tabie 8.

12.1.2 Determination of the Meter Factor Using the
Average Data Method

a. Step 6B—Calculate Repeatability.

Having made the selected number of proving runs as
described in Step 4, [2.1.d, record the results of the data for
Tin, Tp, Pm, Pp, and N or Ni.

Use of the average data method requires that the range of
the pulses generated for each selected pass or round trip be
calculated and used to measure acceptable repeatability. To
determine the repeatability, examine (he pulses generated for
each of the selected proving runs, as follows:

MF = — Prover  Meter  Prover  Meter Total
Run  Temp. Temp.  Pressure Pressure Pulses
1 72.5 73 23 23 12234
where
2 72 73 23 23 12,232
r = the number of IMF from the selected proving 3 7 725 »” 23 12237
rans. 4 72 725 23 22 12,237
Round the meter factor as specified in Table 8. 5 725 73 23 23 12.233
Unless the meter is equipped with an adjustment that alters Avg. T2 72.8 228 223 12.233.6
its registration to account for the meter factor, a meter factor
must be applied to correct the indicated volume of the meter. R% Highest Pulse — Lowest Pulse 100
= X
l. Stcp 11A—Calculate Composite Meter Factor (CMF). Lowest Pulse
Composite meter factor (CMF) also 15 used to adjust meter
performance. The composite meter factor must be used in Range % = 1223712232 100 = 0.041%
applications where the density, temperaiure, and pressure are 12232 ’
Example of Repeatability Check (Average Meter Factor Method)
Tonal Prover Meter Pruver Meter
Run Pulses Temperalure Temperature  Pressure Pressure GSVp ISVm IMF
1 12234 72.5 73 23 23 22.3356 22.4383 0.99321
2 12.232 72 73 23 2 22.3348 22,4455 0.99330
3 12,237 72 725 22 3 22.3363 22.4854 0.99337
4 12.257 72 72.5 23 22 22.3360 22.4892 0.99343
5 12,233 2.5 73 23 3 22.3340 22.4856 0.99319
Averaps Meter Factor (MF) 0.9933

Copyright by the American Petroleus institrts
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Once the range of pulses for the selected proving runs sat-
isfies the repeatability requirement by not exceeding 0.050
percent, the fotlowing data shouid be calculated:

Discrimination
Levels

Prover Data

Tplave) Table 3

Pplavg) Table 4

Pep{avg) Table 4
Meter Data

Tmiavg) Table 3

Pmavg) Tablc 4

Pemiavg) Table 4

Mavg) Tablc 10

b. Step 7B—Calculate GSVp.

The gross standard volume (GSVp) of the prover—that is,
the “true” volume of liquid passing through the prover during
the proving run, is calculated by the following equation, and
rounded to the discrimination requirements shown in Table 9.

GSVp=BPVx CCFp

The base prover volume (BPV) is ublained from the prover
calibration cedtificate as shown in Step 1, 12.1.a.

To calculate the combined correction factor (CCFp)
reyuires calculating all four comrection factor values—CTSp,
CPSp, CTLp, and CPLp. These values are then sequentially
* multipiied in the order specified, rounding at the end of the
multiplication.

1. Determine CTSp:

The CTSp value corrects for the thermal expansion of
the sieel in the prover calibrated section, using the average
prover liquid temperawre [Tp{avg)] from all of the
selected proving runs.

For displacernent provers with detectors mounted inter-
nally in the calibrated section, the following tormula shall
be used:

CiSp = {1+ [(Tptavg) - Th) x Gcl}

For displacement provers using delectors that are
mounted externally on a shaft (e.g. small volume provers),
then this modified formula shall be used:

CTSp = {1 +{(Tp{avg) - Th) x Gal} x | } +|(Td{avg) - Th) x GI)

This CTSp value shall be rounded in accordance with
the requirernents in Table 8.

2. Determinc CPSp: .

The CPSp value corrects for the expansion of the steel
in the prover calibrated section, using the average liquid
pressure of the prover [Ppavg)] from all of the sclecu:d
proving runs.

The CPSp for a single wall pipe prover shall be calcu-
lated using the following formuta:

[Pp{avg) - PbglxID

CPSp =1+

ExWT
where
ID = 0D-(2xWD),
Pbg = Opsig.

For double wall displacement pipe provers, CPSp =
1.00000.

This CPSp value shall be rounded in accordance with
the requirements in Table 8.

3. Determine CTLp:

The CTLp value comrects for the thermal expansion of
the liguid in the prover calibmted section. By using an
average base density (RHOb, APib, RDb. and DENb) and
the average temperaturc of the liquid [Tpravg)) together
with the relevam standards or computer routines. a value
for CTLp can be obtained. Round this value according to
the discrimination level requirements specified in Table B.

4. Determine CPLp:

The CPLp corrects for the compressibility of the liquid
in the prover calibrated section. Using an averape density
value {RHOb. APlb, RDb, DEND), the average prover
pressure Pplavg), and the average prover temperature
[Tptavg)). calculuate the value of Fp using the appropriate
technical standards. Round this value according to the
requiretnents specified in Table 5.

Using the compressibility factuor (Fp) detertined in the
preceding step, together with the average pressure in the
prover calibrated section { Pp{avg}], the cquilibrium vapor
pressure of the liquid in the prover [Pep(avg}l. and the
basc pressure (Pha), calculate the CPLp value usmg the
following expression:

P =
CPLP = [ {[Ppiavg) + Pha—Peplavg)| XFp]

Round this value according to the discrimination level
requirements specified in Table 8,

Note: If the vapor pressure of the liquid is Jess than atmospheric
pressure at nonmal lemperawre, then Pepfavg) is considered to
be sero psig.

Copyright by the American Petroleum sttty
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5. Determine CCFp:

Having determined the four correction factors, the
combined correction factor of prover (CCFp) can be cal-
culated by serial multiplication of the correction factors in
the exact order specified. using the equation shown below
and rounding at the end of the muitiplication. Round this
value according 10 the discrimination level requirements
specified in Table 8.

CCFp=CTSpx CPSpx CTLp x CPLp

When the preceding calculations are done, calculate
GSVp by the following formuola:

GSVp=BPVx CCFp

Ensure that BPV, nominal K-Factor (MVKF), K-Factor
(KF), and Register Head volume are all in the same units.

¢. Step 8B—Calculate ISVm

The indicated standard volume (/5Vm) of mcter is the vol-
ume of the liquid passing through the meter for the selected
proving runs with no correcrion for meter inaccuracies, and is
calculated by the following equation:

ISVm = IVm x CCFm

l. Determunc {Vin:

Using a digital pulse train allows the indicaled volume
{/Vim) through the meter 10 be calculated by dividing the
average of all the pulses [Nfavg)] for all of the selected
proving runs by the nominal K-factor (NKF), as shown
below. Round and record the value of fVin in accordance
with the discrimination levels specified in Table 9.

_ Nlavg)
V= “Nke

Calculating the combined correcuon facior (CCFm)
requires the calcutating of two individual correction factor
values, CTLm and CPLm. which are then sequentially
mutltiplicd in the order specified.

The comection factors CTSm and CPSm are not used or
calculated in metering applications, since the effects of
tempcerature and pressure within the meter cavity are oftcn
insignificant and in most cases can be ignored. The eftects
are retlected in the meter factor caleulated at the time of
proving.

2. Delermine CTLm:

The CTLm value corrects for the thermal expansion of
the liquid in the meier. By using an average base density
{RHOb, APib, RDb, DENb), and the average lemperaiure
[Tmfavg)} of the liquid, together with the relevant stan-

Copyright by the American Petroleum institiuty
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dards or computer routines, a valie for CTLm can be
obtained. Round this value according 1o the discrimination
level requirements specified in Table 8.

3. Determine CPLm: )

The CPLm value corrects for the compressibility of the
fiquid in the meter Using an average density value
(RHGOb, APIb, RDb, DEND), the average mcter pressure
{Pmfavg)], axl average meler temperature [Tmiave}],
from all of the selected proving runs, calculate the value
of the compressibility factor (Fn) using the appropriate
technical standards. Round this value according to the
requirements specified in Table 5.

Using the value of Fm determined in the preceding
step, logether with the average pressure in the meter
{Pmiavg)). the equilibrium vapor pressure of the liquid in
the meter [Penfavg)], and the base pressurc {Pba). calcu-
late the CPLm value using the following expression:

1

LM = = {[Pmtavg) + Pha—Pem(av)Ix Fm]

Note: If the vapor pressure of the liguid is less than atmospheric
pressurc at normal iemperature, then Pem is considered wo be zero

psig.
4. Determine CCFm:

When the two correction (aciors CTLan and CFLm have
been delermined, the combined correction factor of prover
(CCFm) shall be calculated by scrial muitiplicaiion of the
correction factors in the exact order specified, rounding at
the end of the multiplication, using the equation shown
below. Round this value according to the requirements
specified in Table 8.

CCFm=CTLm x CPLm

The ISVm can then be calculated by the equation
shown above.

d. Step 9B——Calculate Final MF

Meter factor (MF) is a dimensionless value used to adjust
for any small inaccuracies associated with the performance of
the meter as determined at the time of proving. Unless the
meter is equipped with an adjustment that alters its registra-
tion 10 account for the meter factor, a meter factor must be
applied 1o the indicated volume of the meter. The meter factor
is determined at the time of proving by the formuta:

Record and round this value 10 the requirements specified
in Table 8.
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e. Step 10B—Calculate Composite Meter Factor (CMF).

The composite meter factor (CMF), as determined at the
time of proving, is also a value used to adjust the meter per-
formance. The composite meter factor is normally used in
applications where the density, temperature, and pressure are
considered constant throughout the measurement - ticket
penod, or as agreed by all the parties concerned as a measure-
ment convenience. The composite meter factor (CMF) is
determined at the Lime of proving by correcting the meter fac-
tor from normal operating pressure to base pressure (CPL),
using the following expression:

CMF =MFx CPLm

‘When caiculating the CMF, use a CPLm value that is based
on the normal meter operating pressure that occurs when the
liquid is not going through the prover.

Record and round this value 10 the reguirements specified
in Table &.

12.2 ATMOSPHERIC TANK PROVERS

This section nigorously specifics the rounding, calculation
$equence, and discrimination levels required for meter proving
repont calculations when atmospheric tank provers are used.

The procedures described below do not include the requice-
ments for calculations associated with RHOb, CTL. or F. The
rounding. calculation sequence, and discrimination levels for
these terms are, for the most part, contained in the references
listed in Appendix A. When a reference does not contain an
implementation procedure, Appendix A contains a suggested
method of solution.

In pormal industry practice, the average meter factor
method is used to calculate meter factors when proving
meters with tank provers. Normal accepted proving technique
requires the fow to be put through the meter being proved
into the empty tank prover until it is filled. This constitates a
proving ru. '

a. Step 1—Enter Initial Prover Data.

Enter the following tank prover information, which is
taken from the prover calibration centificate, and record it on
the meter proving report form:

» Coefficicnt of cubical expansion (Ge).

¢ Manufacturer and serial number.

* Nominai capacity.

b. Step 2—Enter Initial Meter Data.

Enter the following information about the meter being
proved on the meter proving report form:

= Nominal K-factor (NKF) or actual K-lacior (KF).

= Whether the meter is temperature compensated.

*  What the proving report should calculat: (MF, CMF,

KF, CKF, or MA).
* Company assigned meter number.

Copyrotit IY the American Patroloum stitats
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+ Mznufacturer, meter type, and size.

* Meter model number and serial number.

+ Flow rate.

* Proving report number and date of proving.

s Nonresetable totalizer readin g )

¢. Step 3—Enter Fluid Data.

1. Enter the fotlowing information about the fluid bein
metered on the meter proving report form:

» Type of Quid on which meter 1s being proved.

= Batch number of the receipt or delivery,

* Observed liqud density (APlobs, DENobs, RDobs,
RHOo0bs).

* Observed liquid temperature for density deterrnination
{Tobs).

* The selected implementation procedure required
(Tables SA/6A, SB/6B, 53A/54A, 53B/54B, etc.).

* Viscostty (if needed).

i~

. If the report form requires the ealculation of CMF or
CKF, the following addirional information must be
entered:

» The normal operating pressure of the liquid in gauge
pressure units, which is assumed to be constant
throughout the delivery. The temperature of the liquid
in the meter while proving, is assumed to be the nor-
mal operating temperature, and assumed 1o be con-
stant throughout the delivery.

d. Step 4=Record Run Data. f

For cach run of the tank prover, record the following data:

Discrimination
Levels

Prover Data

Tpfavg) Table 3

SRu Table 9

SRI Table 9
Meler Data

m Tabie 3

Pm Table 4

MRo Table 9

MRe Table 9

N Tuble 10

e. Step 5—Calculate Base Density.

Using the observed density (RHOobs, DENobs, APlobs, or
KDobs) and observed temperawre {Tihs), calculate the base
density (RHOb, DENbB, APIb, RDb). The base density of the
liuid shall be determined by the appropriate technical stan-
dards. or, aiternatively, by use of the proper density comrela-
tions, or, if necessary, by the usc of the correct cquations of
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state. Round the densily value in accordance with specifica-
tions given in Table 1.

For some liquids (pure hydrocarbons, chemicals, solvents,
etc.), the basc density is a constant value as a result of stringent
manufacturing specifications. This densily value must be stated
in accordance with the requirements specified in Table I

Al some metering facilities, online density meters (densito-
meters) are installed to continuously monitor and determine
density in real time. The user should refer to Appendix A for
information on the special calculation requirements when
using this equipment.

f. Siep 6—Calculate G5Vp.

The gross standard volume (GSVp) of the tank prover is the
“true” volume of the liquid contained in the prover between
the nominal “empty”™ and “full” levels. The GSVp is calcu-
lated trom the following cquation:

GSVp =BPVa x CCFp,

where

BPVa = SRu-SRi

The adjusted basc prover volume (BPVa) for the tank
prover is determined by the difference between the upper and
lower scale readings during each proving run. To determine
the lower (SR1) scale reading of the open tank prover, the tank
prover should first be filled with liquid, then draincd to empty
{or the prescribed draining time, refilied up 1o the lower scale
and the lower scale reading taken prior to commencing the
proving run. If the tank prover has no lower scale, the zero
mark is established depending on the type of tank prover. The
proving run is then initiated. When the tank prover is filled to
the upper scale the flow is shut off, and the upper (SRu) scale
reading is taken. The scale readings should be recorded as
indicated in the discrimination levels in Table 9.

To calculate the combined correction factor for the open
tank prover {CCFp) (as discussed in the previous section on
pipe and small velume provers), it is necessary 10 determine
the CTSp, CPSp. CTLp. and CPLp values.

1. Detenmine CTS5p:

The CTSp corrects for thermal expansion of the steel in
the 1ank prover, using the lemperare of the liquid in the
prover from the selected runs. The CTSp for an open tank
prover may be caiculated [rom the lormuta:

CTSp=1+[(Tp-Tb)x Ge]

This value shall be rounded in accordance with the dis-
cnmination requircments of Table 8,

2. Delermine CPSp:
The CPSp corrects for expansion of the steel in the wnk
prover due 1o pressure on the liquid.
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Since an open tank prover is under-atmospheric condi-
tions, the CPSp value is set to equal unity.

CP5p = 1.00000

3. Determine CTLp:

The CTLp corrects for thermal expansion of Lthe liquid
in the tank prover. By using a base density (RHOb, APIb,
RDb, or DENp). and the temperature {7p) of the liquid,
together with the appropriate standards or computer rou-
tines, a value for CTLp can be determined. Round this
value according 1o the requirements specified in Table 8.

4. Determine CPLp:

The CPLp comrects for the effect of compressibility on
the density of the liquid in the open tank prover. Since the
open lank prover is under atmospheric conditions, the
CPLp value is sel equal to unity. '

CPLp = 1.00000

5. Determine CCFp:

When the four correction factors have been deter-
mined, the combined comectior factor for the tank prover
(CCFp) can be calculated, by serial multiplication of the
comecuon factors in the exact order specified, using the
equations shown below. Round this value according to the
requirements specified in Table 8,

CCFp=(TSpx CPSpx CTLp x CPLp
CCFp = CISp x 1.00000 x CTLp x 1.00000
CCFp=CTSpx CTLp

When these calculations are completed, calcnlate
GSVp using formula at the beginning of Step 6, 12.2.£.

g. Step 7T—Calculate I5Vm. '

The indicated standard volume (/SVm) of the meter is the
volume of the liquid passing through the meter for selected
runs without correction for meter inaccuracies. It is calculated

by the foltowing equation:
ISVm=IVmx CCFm

1.. Determine /Vm;

The indicated volume (/Vm) passing through the meter
is determined in one of two ways:

If a digial pulse train is used, the /Vin is calculated by
dividing the putses (V) from cach run by thc nominal K-
factor (VKF), as shown below, Round and record the
vatue of /Vm in accordance with Tuble 9.

m =
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If a meter register head is used, the /Vm is calculated
using thc opening and closing meter readings (MRo, MRc)
for each run, as shown below. Round and record the value
of IVm in accordance with Table 9.

fVm=MRc - MRo

To calculalc the combined correction factor (CCFm)
for the meter. the correction factor values CTLm and
CPLm are caiculated and then sequentially muliiplied
together, in the order specified The correction factors
CTSm and CPSm are not calculated, since the effects of
temperature and pressure on the steel within the meter is
insigruficant and can be ignored in mosl cases. The effects
are refiected in the meter factor calculated at the time of
proving,

2. Determine CTLm:

The CTLm corrects for thermal expansion of the liquid
in the meter. By using a base density (RHOb, APIb, RDb,
or DEND). and the temperature (Tm) of the liquid in the
meter, together with the appropriate standards or computer
routines, z value for CTLm can be obtained. Round this
valuc according to the requircments specificd in Table 8.

3. Determine CPLm:

The CPLm corrects for the compressibility of the liquid
in the meter. Using a density value (RHOb, APIb, RDb, ur
DEND), the meter pressure (Pm), and the meter tempera-
turc (7m), calculate the value of the compressibility factor
{(Fm), using thc appropriate technical standards. Record
and round this value according to the requirements speci-
fied in Table 5.

Using the Fm determined in the preceding step,
together with the pressure in the meter (Pm), the equilib-
rium vapor pressure of the liquid in the meter {Pem), and
the base pressure (Pba), calculate the CPLm value using
the following expression:

|
1—-{(Pm+ Pba—Pem)x Fm)

CPLm =

Notc: If the vapor pressure of the liquid is less than atmospheric
pressure at nommal temperatire, Pem 15 considered te be zero

psig.
4. To Determine CCFm.

When the two correction factors have been determined,
the CCFm can be calculated by senal multiplication of the
correction factors in the exact order specified. using the
equation shown below. Round this value according to the
requirements specified in Table 8.

CCFm=CTLm x CPLm
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The ISVm is then calculated by the equation:
ISVm=IVm x CCFm

h. Step 8—Calculate IMF,

Intetmediate Meter Factors (fMF) are determined at the
time of proving for each of the selected proving runs by the
formula;

{
. _GSVp
IMF = T5Vm

Record and round the values of the IMF according to the

discrimination level requirements specified in Table 8.

i. Step 9—Calculate Repeatabitity.

To judge the acceptability of each of the sclected run data,
the repeatability for the average meter factor method is caleu-
lated as fotlows;

Intermediate meter factors (/MF) have been calculated for
cach fiiling of the tank prover. The range of these intermediate
meter factors for all the acceptable proving runs is now calcu-
laied and used as the measure of acceptability for the meter
proving. In this method, the complete calcuiation steps tn
deterrmune an intermediate meter factor have to be performed
for every prover filling, and then these intermediate meter fac-
tors must be compared 10 assess acceplable repeatability.

An example of Lhis repealability check is shown in the
table at the top of the following page: =

maxIMF — minIMF
. = x 100 '
R minIMF l

_ 0.99343 -0.99319

= = 0.024
Range % 0.09310 x 100 = 0.024%

J- Step 10—Calculate Final MF,

Meter factor (MF) is o value used to adjust for any small
inaccuracies associated with the performance of the meter.
Having established that the range (repeatability) of the inter-
mediate meter factors (/MF) meets the acceptability critcria, a
final meter factor shall be calculaied as follows:

XIMF
—.

H

MF =

where

n = the number of intermediate meter factors from
the selected proving runs.

Round the final meter factor as specified in Table 8.

Unless the meter is equipped with an adjustment that aliers
its registration to account for the meter factor, a meter [actor
must be applied to correct the indicated volume of the meter.
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Example of Repeatability Check (Average Meter Factor Method) e

Total Prover Meier Prover Meter

Run Pulses Temperuure Temperature  Pressure Pressure GSvp 1SVm IMF
i 12,234 725 73 23 - 23 223356 22.4883 - 0.99321
2 12,232 72 73 23 23 223348 22.4855 0.99330
3 12.237 72 725 22 23 22.3363 22.4854 0.99337
4 12.237 72 725 23 22 22.3360 22.4892 0.99343
5 12,233 72.5 73 23 23 22.3340 224856 0.99319

Average Meter Factor (MF) 0.9933

k. Step 11—Composite Meter Factor (CMF).

Cornposite meter factor (CMF) also adjusts the meter per-
formance as determined at the time of proving. The compos-
ite meter factor must be used in applications where the
density. temperature, and pressure are considered constant
throughout the measurement ticket period, or as agreed by all
the partics concerned as a convenience. The composile meter
factor is determined by comrecting the meter factor from nor-
mal operating pressure to base pressure (CPL) by using the
following expression:

CMF=MFxCPL

When calculating the CMF, use a CPL value that is based
on the normal meter operating pressure when the flow 1S not
going through the prover. Record and round 1his valuc to the
requirements speeified in Table 8.

. Swep 12—Determine Meter Accuracy {(MA).

For many field apphcations, a mechanical or electronic cal-
ibrator is often used 10 adjust the meler factor 1o unity to cor-
rect meter readings associated with truck loading racks and
LACT/ACT meter skids. To ascertain that the proving report
and the required calibrator adjustments have been made with-
oul error. determine the meter accuracy for each proving run,
using the following equation:

l
MA = —
MF

12.3 MASTER METER PROVING

The following section rigorously specifics the rounding,
calculation sequence. and discnmination lcvels required for
meter proving teport caleulations, using a master meter, In the
case of proving wilh master meters, two separate actions are
nceessary. First, the master meter musl be proved using a
masier prover. Sccond, this master meter is then used to deter-
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mine the meter factor for the operntional (ficld) meter by act-
ing as the prover,

Three differert calculation procedures are possible,
depending on whether the master prover is a displacement
prover or a tank prover. These three procedures are described
below, following Steps 1-5, 12.3.1.a—d, which are common
io all the calculation methods.

123.1 Proving a Master Meter with a Master Prover

As indicated above, it 1s first necessary to prove the master
meler against a master prover. A master prover is defined as a
prover (a displacement or tank prover is normally used) that
has been calibrated by the water-draw method.

The procedures outlined below do not include the require-
ments for the calculations associated with RHOb, CTL, or F.
The rounding,. calculation sequence, and discrimination levels
for these terms arc, for the most par, containgd in the refer-
ences listed in Appendix A. When a reference does not con-
lain an implementation procedure, Appendix A contains a
suggested implementation method.

a Step I—Enter Initial Prover Data.

Enter all the prover information wken from the prover cali-
bration certificate, The reguired information is the same as
that described in 12.1.a, Step 1, for displaccment provers, and
12.2.a, Step |, for ank provers.

b. Step 2—Enter Initial Meter Data,

Enter all the required information on the meter being proved
and record on the meter proving report form. The required
information is the sume as that described in 12, L.b, Step 2.

c. Step 3—Enter Fluid Data.

Enter all the information on the hydrocarbon liquid being
metered. This required information is the same as deseribed
in 12.t.c, Step 3.

d. Step 4—Record Run Data,
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For every proving run, record the following data:

Discrimination
Levels

Master Prover Data
Td (for snall velume provers) Table 3
Tmp (for displacement and tank provers)  Table 3
Pmp (for displacement provers) Table 4
BPVmp (for displacement provers) Table ¢
BPVimp (for tank provers) Table 9
SRu (for tank provers) Tahle 9
SRi {for tank provers) Table 9

Master Meter Data
Tmm Table 3
Pmm Table 4
MMRc Tabie 9
MMRo Table 9
N Table 10
N Table 10

€. Step 5—Determine Base Density.

Using the observed density {(RHOobs, DENebs, APlobs or
RDobs) and observed temperature (Tobs), calculate the base
density (KHOb, DENb, APIb, RDb) by either the appropriate
technical standards, the proper density correlations, or the rel-
evant equations of state. Round the density value in accor-
dance with specifications given in Table 1.

At some metering facilities, an online density meter (densi-
tometer) is installed to continuously monitor and determine
density in real iime. In these cases, users should refer to
Appendix A for information on calculation requirements.

12.3.1.1 To Determine a Master Meter Facior Using
a Displacement Prover as the Master
Prover and Using the Average Mester
Factor Method of Calculation

a. Swep 6A—Calculuie GSVmp.

The gross standard volume (GSVmp) of the master
prover—that is, the “true” volume of liquid passing through
the prover during the proving run—is calculaied by the fol-
lowing equation;

GSVmp = BPVmp x CCFmp

The base prover volume {BPVmp) 1s obtained from the
prover calibration certificate. .

Calculaung the combined comection [lactor {CCFmp)
requires the calculation and serial multiplication, in the order

given, of the four comection factors, CTSmp, CPSmp,
CTLmp, and CPLinp. for each selected proving run.

1. Determine CTSmp:

For displaccment master provers with  detectors
mounted in the calibrated section, the following formula
shall be used:

CTSmp = 1+ [(Tmp — Tb) x Gmp|

For displacement master provers (usually small volume
provers) with detectors mounicd on an external shaft, a
maodified formula shall be used:

CTSmp={1+[(Tmp-ThYyx Gal} x {1 + [(Td-Tb) x Gl]}

The CTSmp value shall be rounded in accordance with
the discrimination level requirements specified in Table 8.

2. Dewermine CPSmp:
The CPSmp for a single wall pipe master prover shall
be calculated wsing the following formula:

CPSmp = 1 +(Pmp—Pb )x]D'

ExWT
where
1D = QD-(2xWI),
Pbg = O psig.

The CPSmp value shall be rounded in accordance with
the discrimination level requirements specified in Table 8.
For a double wall displacement master prover,

CPSmp = 1.00000.

3. Determine CTLmp:

The CTLmp corrects for the thermal expansion of the
liguid in the master prover. Using the base density (RHOb,
APIb, RDb, and DENb) and the temperature of the liquid
{Tmp) in the master prover, together with the appropriate
standards or computer routines, a value for CTLmp can be
obtained for each of the selected proving runs. Round the
value according to the discrimination tevel requirements
specified in Table 8, ’

4. Determine CPLmp:

Using a density value (RHOb, APIb, RDb, DEND), the
mastcr prover pressure (Pmp), and the master prover tem-
perature (Tmyp), calculate the compressibility value of
Fmp using the appropriate lechnical standards for cach of
the selected proving runs. Round this value acconding to
the discrimination level requirements specified in Table 5.

Using #mp, together with the pressurc in the master
prover calibraled section (Pmp), the equilibrium vapor
pressure of Lthe liguid in the master prover (Pemp), and the
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base pressure (Pba), calculate the CPLmp value using the
following expression.

1

CPme = I_I(Pmp-Q-Pba—PemP)XFmp]

Round this value according to the requirements speci-
fied in Table 8.

Mote: I the vapor pressure of the liguid is less than atmospheric
pressurc at normal temperature. then Pemp is considered to he

Zero psig.
5. Determine CCFinp:

The combined currection lactor of the master prover
(CCFmp) is caleutated by senal muluplication of the cor-
rection factors in the order specificd, using the equation
shown below. This value shall be rounded according to the
requirements specified in Table 8:

CCFmp = CTSmp x CPSmp x CTLinp x CPLmp

As stated above, GSVmp is now calculated for each of
the sclected master proving runs by the following equa-
tion, and rounded according to the requirements contained
in Table 9;

GSVmp = BPVmp x CCFmp

b. Step 7A—Calculate ISVmm.

The indicated standard volume {(ISVmm) of the master
meter is the volume of the liquid passing through the meter
for the selected runs with no correction for meter inaccura-
cies, calculated by the following equation:

ISVmm = iVmm x CCFmm

1. Detcamine IVron:

Using a digital pulse train, calculate the indicated vol-
ume (/Vmum) of liquid passing through the master meer
by dividing the pulses (N) or the interpoluted pulses (Ni)
for cach selected proving run by the nominal K-factor
(MKF), as shown below. Round and rccord the value of
IVmm in accordance with the discnmination levels speci-
ficd in Table 9.

IYmm = .%f_’ ot [Vmm = R’%

To calculate the combined correction factor (CCFrun), two
correction [actor values, CTLmm and CPLmm, are calculated
and then scquentially multiplied in the order specified. See nore
under 12.1.1.b, Step 7A, regarding other corvection factors.
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2. Determine CTLmm:

By using a base density (RHOb, APIb, RDb, DENb)
and the temperature (Trum) of the liquid in the master
meter, together with the relevant standards or computer
routines, a value for CTLmm can be obtained for each of
the selected proving runs, Round this value according to
the discrimination level requirements specified in Table 8.

3. Determine CPLmm:

Using a density value (RHOb, APIb, RDb, DEND), the
master meter pressure (Prym), and the master meter tem-
perature (Tmm) for cach of the selected proving runs,
calculate the value of Fmm using the appropnate technical
standards. Round this value according to the discrimina-
tion level requirements specified in Table 5.

Using the compressibility factor (Fmm), together with
the pressure in the master meter (Pmm), the equilibrium

- vapor pressure of the liguid in the master meter (Pemm),
and the base pressure (Pha) for each of the selected prov-
ing runs, calculaie the CPLmm value using the foliowing
expression;

1
| —=[(Pmm+ Pba—FPemm) x Fmm)

CPLmm =

Note: If the vapor pressure of the liquid is Jess than atmospheric
pressure al normal temperature, then Pemm 15 considered to be
zeTo psig.

4, Determine CCFrnm:

Having determined the above two cormrection factors,
calculate the combined correction factor of prover by
serial multplication of the correction factors, using the
equation shown below. Round this value according to the
requirements specified in Table 8.

CCFmm = CTLmm x CPLmm

The 1SVmm is then calculated by the equation shown
below:

ISVmm = IVmm x CCFnun

c. Step 8A—Calculate IMMF.

Intermediate master meter factors (IMMF) are determined

for each of the selccied proving runs by the formula;

GSVmp
ISVmm

IMMF =

Record and round the values of the /MM F according to the

discnmination level requirements specified in Table 8.
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d. Step 9A—<Calculate Repeatabihty.

To judge the acceptability of each of JMMF from the
selected run data, the repeatability for the average mezer fac-
tor method is calculated as follows;

Intermediate master meter factors (JMMF) are calculated
for each selected pass or round trip of the prover. The range
of these intermediate meter factors for all the acceptable
proving runs is now calculated and used as the measure of
acceptability for the mastcr mcter proving. In this method,
the complete calculation steps needed 10 determinc an inter-
mediate master meter factor have to be performed for every
selected pass or round trip, and then ail these intermediate
master meter factors must be compared to assess acceptable
repeatability.

For a master meter proving using a displacement master
prover, the range (%R) of the selected intermediate meter fac-
tors (IMMF) shall not exceed 0.020%. This range s calcu-
lated using the following formuta:

maxIMMF -miniMMF
k% = minlMMF x 100

e. Step 10A—Calculate Final MME

After it has bean established that the range (repeatahility)
of the intermediate master meter factors (IMMF) meets the
acceptability criteria, a final master meter factor shall be cal-

culated as follows:
ZIMMF
MMF = —

where
n= the number of IMMF from the selected proving runs.

Record and round this value to the discrimination level
requirements as specified in Table 8.

12.3.12 To Determine a Master Meter Factor Using
a Displacement Prover as the Master
Prover and Using the Average Data
Method of Calculation

a Step 6B—Calculate Repeatability.

Having made the selected number of proving runs as
described in Step 4, 12.3.1.d, record the results of the data for
Tinm, Tmp, Prarm, Pmp, and N or Nt

Use of the average data method requires that the range of
the pulses generated for each selected pass or round trip be
calculated and used 1o measure acceptable repeatability.
Acceptable repeatability (%R) for a master meter pruving
with a master prover shall not exceed a range of 0.020%. To
delermine the range, examine the pulses generated for each of

the selected proving runs, and. use the following formula to
calculate the repeatobility:

Highest Pulse — Lowest Pulse
Lowest Pulse

R% = x 100

Once it is established that the selected proving runs satisfy

the repeatabilily requirement by not exceeding 0.020 percent.

the following data should be calculated:

Discrimination
Levels
Prover Data
(Tor SVP only) Td(avg) Table 3
Tmp{avg) Table 3
Pmp{avg) Table 4
Pemplavg) Table 4
Meter Data
Tmm(avg) Tuble 3
Pmmiavg) Table 4
Pemmiavg) Table 4

Ntavg} Table 10

b. Step 7B—Calculate GSVmp.

The gross standard volume (GSVmp) of the master
prover—that is, the “true” volume of liquid passing through
the prover during the proving run, is calcufated by the follow-
ing equation: .

GSVmp = BPVmp x CCFmp

The basce prover volume (BPVmp) is obtaincd from the
master prover calibration certificate.

To calculate the combined comrection factor (CCFmp)
requires calculating all four comrection factor values—
CTSmp, CPSmp. CTLmp, and CPLmp. These values are then
sequentially multplied in the order specified, rounding at the
end of the multiplication.

[. Determine CTSmp:

The CTSmp value corrects for the thermal expansion of
the steel in the prover calibrated section, using the average
prover liquid temperature [Tmp(avg)] from all of the
selected proving runs,

For displacement master provers with detectors
mounted intcmally in the calibrated section, the following
formnula shall be used:

CTSmp = |+ [(Tmplavg) - Tb) x Gmp)

.
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CPLmp =

For displacement master provers using detectors that
are mounted externally on a shaft (e.g., small volume
provers), this modified formulx shall be used:

CTSmp = {1 + [(Tinp(avg) — Th) x Gal}
x {1+[{Td(avg) - Tb) x Gi])

This CTSrp value shall be rounded in accordance with
the requirements of Table 8.

2. Determine CPSmp:

The CPSmp value correcis for the expansion of the
steel in the prover calibrated sccuon, using the average
liquid pressurc of the master prover [Pmp(avg)] from all
of the sefected proving runs.

The CPSmp for a single wall displucernent master
prover shall be calculated using the tollowing formula:

[Pmp(avg)-PbglxID

=1 ,
CPSmp + X T
where
ID = OD-(2xWD),
Pbg = Qpsig.

This CPSmp value shall be rounded in accordance with
the requirements of Table 8.
For a double wall displacement master prover,

CPSmp = 1.00000.

3. Determine CTELmp:

By using an average base density (RHOb, APIb, RDb,
and DENB). and the average temperature of the liquid
[Tmp(uvg)} in the mastes prover, wogether with the relevant
standards or computer routines, a value for CTLmp can be
ohtained. Round this value according to the discrimination
Icvel requirements specitied in Table 8.

4. Dewermine CPLmp:

Using an average density value (RHOb, APIb, RDB,
DEND), the average master prover pressure {Pmpfavg)]
and the avcrage master prover temperature [Tmpiavg)],
calculate the value of Fmp using the appropriate technical
standards. Round this valuc according to the requirements
specified in Table 5.

Using the compressihility factor (Fnip) determined in
the preceding siep, together with the average pressure in
the prover calibrated section [Pmp{avg)), the equitibrium
vapor pressure of the liquid in the prover [Pernp{avg )], and
the base pressure (Pba), calculate the CPLmp value using
the following cxpression:

!
| =(Pmplavg) + Pba— Pemp(avg))y X Fmp)
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Round this value according to the discrimination level
requirements specified in Table 8.

Note: If the vapor pressure of the liquid is less than atmospheric
pressure at normal (emperature, then Pemyp(avg) is considered to
be zero psig.

5. Determine CCFmp:

Having determined the four comcchon factors, the
combined correction faclor of the master prover {CCFmp)
can be calculated by serial multiplication of the correction
factors in the exact order specified, using the equation
shown below and rounding at the end of the multiplica-
tion. Round this value according to the discrimination
level requirements specified in Table 8.

CCFmp = CTSmp x CPSmp x CTLmp x CPLmp

Following this calculation, calculate GSVmp using the
formula:

GSVmp = BPVmp x CCFmp

c. Siep 8B—Calculate JSVmm.

The indicated standard volume (ISVmm) of thc master
meter is the volume of the liquid passing through the meter
for the selected proving runs, with no correction for meter
inaccuracies, and is caiculated by the following equation:

ISVmm = IVimm x CCFmm

1. Detcrmine [Vimm:

Using a digital pulse truin allows the indicated volume
({Vmm) through the master meler to be calculaicd by
dividing the average of all the pulses [Niavg)} for all of
the selected proving runs, by the nominal K-factor (NKF),
as shown below. Round and record the value of /Vimm in
accordance with the discnimination levels specified in
Table 9.

_ Navg)
fVmm = NKE

Calculating the combined correction factor (CCFmum)
for the master meter requires the calculating of two cor-
rection {actor valees, CTLmm and CPLmm, which arc
then scquentially multiphed in the order specified.

2. Determine CTLrm:

By using an average basc density (RHOb, APIb, RDb,
DENb), and the average wmperature [Timmfavg)] of the
liquid in the masler meter, together with the relevant stan-
dards or compuler routincs, a valuc for CTLmn can be
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obtained. Round this value according to the discrimination
level requirements specified in Table 8.

3. Determine CPLmm:

Using an average density value (RHOb, AFPIb, RDb,
DEND), the average master meter pressure [Pmmiavg)],
and average master meter temperature {Trmmiave)], from
all of the selected proving runs, caiculate the value of Fram
using the appropriate technical standards. Round this value
according to the requirements specilied in Table 5.

Using the value of Frun determined in the preceding
step, together with the average pressure in the master
meter [Pmmiavg)}, the equilibium vapor pressure of the
liguid in the master meter [Pem{avg)], and the base pres-
sure (Pba). calculate the CPLmm value using the
following expression:

1
I ~(Pmm(avg)+ Pba—Pemm{avg)) x Fmm)]

CPLmm=

Note: If the vapor pressure of the liquid is Jess than atmo-
spheric pressure at normal temperature, then Pemmiavg) is
considered to be zero psig,

4. Determine CCFmm:

When the two correction factors have been determined,
the combined correction factor of the master metcr
(CCFmm) s calculated by senal multiplication of the cor-
rection factors in the exact order specified and rounding at
the end of the multiplication. using the equation shown
below. Round this value according to the reguircments
specifted in Table 8.

CCFmm = CTLmm x CPLmm

After these calculations, calculate ISVmm using the for-
muia at beginning of Step 8B.

d. Step 9B—Final MMF,
The master meter factor (MMF) is determined by the
formula:

- GSVmp

-MMF
I15Vmm

Round this value to the requirements specified in Table 8.

12.3.1.3 To Determine a Master Meter Factor with
an Open Tank Prover as the Master Prover
and Using the Average Meter Factor
Method of Calculation

Normal industry practice uses the average meler [acior
method to calculate master meter factors when proving a
masier meter with a tank prover as the master prover. Normal
proving technique allows flow through the master meter into
the empty master lank prover until filled. This comlitutes a
proving run.

Copyright by the Americe) Petroleum Institute
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Complete Steps 1 through S as shown in 12.3.1.a—d.

a Step 6C—Calculate GSVmp.

The gross standard volume (GSVmp) of the tank prover is
the “tue” volume of the liquid contained in the prover
hetween the nominal “empty” and “full” levels. The GSVmp
is calculated from the foliowing equation:

GSVmp = BPVamp x CCFmp
where .
BPVamp = SRu-SRi

The adjusted base prover volume (BPVamp) for the masier
tank prover is determined by the difference between the upper
and lower scale readings during each proving run. To deter-
mine the lower (SRf) scale reading,-the open master tank
prover should first be filled with hquid, then drained to empty
for the prescribed draining time, then refilled up to the lower
scale. The lower scale reading is taken prior to the proving run.
Ii" the tank prover has no lower scale, then the sero mark is
established depending on the bottorn arrangement of the tank
prover. The proving tun is then initiated. The master tank
prover is filled to the upper scale, the flow is shut cff, and the
upper {SRu) scale reading is taken. The scale readings should
be recorded as indicated in the discrimination levels in Table 9.

To calculate the combined correction factor for the master
tank prover (CCFmp), it is necessary 10 obtain the CTSmp,
CPSmp, CTLmp, and CPLmp values, as discussed in the pre-
vious section on displacernent provers.

1. Deternine CTSmp:
The CTSmp for a master tank prover may be calculated
from the formula:

CTSmp =1 + [(Tmp - Th) x Gmp]

This CTSmp value shall be rounded in accordance with the
discrimination requirements specified in Table 8.

2. Determine CPSmp:
Since an open tank prover is under atmospheric condi-
tions, the CPSmp value is scl to unity.

CPSmp = 1.00000

3. Dewcrmine CTLmp:

By using a base density (RHOb, APIb, RDb, and
DENE) and the temperature (Tmp) of the liquid in the
master Lank prover, logether with the appropriate stan-
dards or computer routincs, a valuc for CTLmp can he
determined. Round this value according to the require-
ments specified in Table 8. :

4. Determine CPLmp: .
Since the open tank prover is under atmospheric condi-
tions, the CPLmp value is set 1o unity.

CPl_.mp = I.GXJO(]
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5. Detcrmine CCFmp:

When the four required correction factors have been
determined, the combined correction factor of tank prover
(CCFmp) can be calcuiated by serial multiplication of the
correction factors in the exact order specified, using the
equation shown below. Round this value according to the
requirements specified in Table 8.

CCFmp = CTSmp x CPSmp x CTLmp x CPLmp
CCFmp = CTSmp x 1.00000 x CTLmp x 1.00000
CCFmp = CTSmp x CTLmp

When these calculations are done, calculate GSVmp
using the formula:

GSVmp = (SRu - SR x CCFmp

b. Step 7C—Calculale ISVmm. i

The indicated standard volume (SVmm) of the master
meter is the volume of the liquid passing through the meter
for selected runs, without correction for meter maccuracies. It
is calculated by the following equation:

ISVmm = IVmm x CCFmm

1. Deterrnine [Vmm:

IF a digital pulse wrain is used, then the indicated vol-
ume passcd through the master meter is calculated by
dividing the pulses (V) from each run by the nominal K-
factor (VKF), as shown below. Round and record the
value of JVmm in accordance with the discrimination lev-
els specified in Table 9.

N
IVmm NKF

If & master meler register head is used, the fVmm is cal-
culated using the opening and closing masler meter
readings {MMRo. MMRc) for each run. as shown below.
Round and record the value of Vinm in accordance with
the discrimination lcvels specified in Table 9.

IVmm = MMRc - MMReo

To caiculate the combined correction factor {CCFmm)
for the master meter requires cajculation ol the comrection
factor values CTLmm and CPLmm, which are sequentially
multiplied logether in the order specified.

2. Deterrmine CTLrm:

By using a base density (RHOb, APlb, RDb, and
DEND) and the temperature (Twmrn) of the liguid in the
masicr meter, lopether with the appropriate standards or
cuompuler routines, a value for CTLmm can be obtained,
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Round this value according to the requirements specified
in Table &,

1. Determine CPLmm:

Using a density value (RHOb, APlb, RDb, DENB), the
master meler pressure (Pmm), and the master meter tem-
peraiure (Tmm), calculate the value of Frmm using the
appropriate technical standards. Record and round this
value according to the requirements specified in Table 5.

Using the Fmm determined in the preceding step,
together with the pressure in the master meter (Pmm), the
equilibium vapor pressure of the liquid in the master
meter (Pemm), and the base pressure (Pba), caiculate the
CPLmm value using the following cxpression:

1

PLmm=
P [ (Prm + Pba ~ Pemm) x Fmmm]

Noue: If the vapor pressurc of the liquid is less than atmospheric
pressure at normal temperature, Pernm 13 considered 1o be zero

psig.
4, Determine CCFmm:

When the two correction factors have been determmined,
the combined comrecuon factor for the master meter
(CCFmm) can be calculated by serial multiplication of the
comrection factors in the exact order specified, using the
equation shown below. Round this value according to the
requirements specified in Table 8.

CCFmm = CTLmm x CPLmm
The /SVmm 15 then calculated by the equation:
I5Vmm = IVmm x CCFmm
c. Step 8C—Calculate IMMF.

Intermediate master meter factors (IMMF) are determined
for each of the selected proving runs by the formula:

GSVmp

F =
MM ISVmm

Record and round the values of IMMF according to the dis-
crimenation level requirements specified in Table 8.

d. Step 9C—Calculate Repeatability.

To judye the acceptability of each of the selected run data,
the repeatability for the average meter factor method is calcu-
lated as follows:

Intermediate master niter factors (/MMF) have beep cal-
culated for each filling of the master tank prover. The range of
these intermediate master meter factors for atl the acceptable
master proving runs is now calculated and used as the mea-
sure of acceptability for the master meter proving. In this
method, the compiete calculation steps 1o determine an inter-
mediate meter factor have to be performed for every master
prover filling and then these intermediate master meter fac-
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tors must be compared to assess acceptable repeatability.
Acceptable repeatability (%R} is defined as all the intermedi-
ate master meter factors within a range of 0.020%.

This repeatability check is made using the following formula:

_ maxIMMF ~minIMMF

il MMF x 100

R%

e. Step 10C—Final MF,

The master meter factor (MMF) is 2 value used to adjust
for any small inaccuracies associated with the performance of
the master meter. Having established that the range (repeat-
ability) of the intermediate master meter factors (IMMF)
meets the acceptability criteria, a final master meter factor
shall be calculated as follows;

ZIMMF

MMF = ——— |

n

where

n = the total number of acceptable IMMF from the
selected proving runs.

Round the master meter factor as specified in Table 8.

12,32 Proving an Operational Meter Using 3
Master Meter

After the master meter has been proved against a master
prover, this master meter can then be used to prove opera-
tional meters that are in custody transfer service. Since differ-
ences will almost certainly occur between the proving
conditions of the master meter using a master praver and the
proving conditions of the master meter with an opertional
meter, an increased degree of uncenainty in the final meter
factor may result.

The calculation procedures for proving operational meters
with a master meter do not include the calculations associated
with RHOb, CTL, or F. The rounding, calculation sequence,
and discrimination levels for these terms are, for the most
part, contained in the references listed in Appendix A. When a
reference does not contain an implementation procedure,
Appendix A contains a suggested implementation method.
The calculation procedure to be used when proving a field
meter with 4 master meter is the average meter faclor method.

a. Step I—Enter Initia! Masier Meter Data (Prover).

Enter the initial master meter information on the meter cal-
ibration certificale on the meter proving repont form. See
12.1.a, Step 1.

b. Step 2—Enter Initial Field Meter Data,

Enter the required information on the operational meter
being proved on the meter proving report form. See 12.1.b,
Step 2.
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c. Step 3—Enter Fluid Data
Enter all the required information on the hydrocarbon iiq-
vid being metered. See 12.1.c, Siep 3.

d. Step 4—Record Run Data.
For each proving run, record the following data:

Discrimination
Levels

Master Meter Data

Tmm ’ Tabie 3

Pmm Tabie 4

MMF Table 8
Meter Data

Tm Table 3

Pm 7 Tabled

N Table 10

c. Step 5—Calculate Base Density.

Using the observed density (RHQobs, DENebs, APlobs, or
RDobs) and observed temperature (Tobs), calculate the base
density (RHOb, DENb, APIb, RDb) by cither the appropriate
technical standards, the proper density correlations, or the rei-
evant eguations of state. Round the density value in accor-
dance with specifications given in Table 1.

f. Step 6—Calculate GSVmm

The gross standard volume (GS5Vmm) for liquid passing
through the master meter— that is, the “true” volume of lig-
uid passing through the master meter during the proving
run—is calculated by the following equation:

GSVmm = IVmm x CCEmm

To calculate the combined comection factor (CCFmmy}, the
comrection factor values CTLmm and CPLmm are calculated
and then sequentially multiplicd together in the order specified.

The master meter factor (MMF) was caleulated by the pro-
cedures shown previously. '

1. Determine [Vmm: -

If a digital pulse train is used, the /Vmrm is calculated
by dividing the pulses (&) from each run by the nominal
K-factor (NKF) as shown hclow. Round and record the
value of IVmm in accordance with the discrimination lev-
els specified in Table 9.

N
Vmm = m

If a meter register head is used, the /Vmm is calculated

by using the opening and closing meter readings (MMRo,
MMRc) for each run. Round and record the value of I'Vmm
in accordance with Table 9,

Vmm = MMRc - MMRo

“‘w'
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2. Determine CTLmm:

By using a base density (RHOb, APIb, RDb, DENb).
and the temperature (Tmm) of the liquid in the master
meter, together with the appropriate standards or computer
routines, a valve for CTLmm can be obtained. Round this
value according to the requirements specified in Table 8.

3. Detcrmine CPLmm:

Using a density value (RHGb, APIh, RDb, DEND), the
master meter pressure (Pmm), and the master meter tem-
perature (Tmm), calculale the value of Fmm using the
appropriate technical standards. Round this value accord-
ing to Lhe requirements specified in Table 5.

Using the Fmm delermined in the preceding siep,
together with the liquid pressure in the master meter
(Pmn1), the equilibrium vapor pressure of the liquid in the
master meter (Pemm), and the base pressure (Pba), calcu-
late the CPLmn: value using the following expression:

CPLmm=
e 1 ={(Pmm+ Pba ~ Pemm)x Fmm)

Round this value according to the requirements speci-
fied in Table 8.

Note: If the vapor pressure of the liguid is less than atmosphenic
pressure at normal temperature, Pemm s considered 1o be zero

poig
4. Determine CCFmm:

When the two correction factors have been deter-
mined, the CCFmm can be calculated by senal
multiplication of the correction factors and the master
meler factor in the order specified, using the equation
shown below. Round this value according to the require-
ments specified in Table 8.

CCFmm = CTLmm x CPLntmt x MMF

5. Determine GSVinrm:

The gross standard volume of the master meter
(GSVrmim) 15 the “true™ volume of the Liquid passing
through the master meter during the proving pass. The
GSYmm is calculated by the following equation and
rounded to the discrimination requirements contaired in

Table 9:
GSVmm = IVmm x CCFmm

g. Step 7—Calculate /5Vm,

The indicated standard volume (/SVm) of the liguid pass-
ing through the operational meter that is being proved by the
masicr meter, is calculated by the following cyuation:

ISVm = [Vin x CCFm

Copyright by the American Pelroiens institute
Fri Mar 24 13:08:42 2000

The indicated volume of the operational meter (/Vin) is cal-
culated in one of two ways:

If a digital pulse train is used, the /Vm through the opera-
tional meter is caleulated by dividing the puises (V) from
each run by the nomunal K-factor (NKF), as shown below.
Round and record the value of fVm in accordance with the
discrimination icvels specified in Table 9.

N
IV = =——
" = NKF

If a meter regisier head is used, the JVm is calcutated using
the opening and closing meter readings (MRo, MRc) for each

run as shown bejow. Round and record the value of /Vm in
accordance with Table 9,

Vm = MRc — MRo

To calculate the combined correction factor (CCFm), the
correction factor values CTLm and CPLm are calculated and
then sequentially multiplied together, in the order specified.

1. Determine CTLm:

By using a base density (RHOb, APIb, RDb, DENb) and
the temperature (Tm) of the liquid in the operational meter,
together with the appropriate standands or computer rou-
tines, a value for CTLm can be obtained. Round this value
according 10 the requirements specified in Table 8.

2. To Determinc CPLm:

Using a density value (RHOb, APIb, RDb, DEND), the
pressure in the operational meter (Pm) and the tempera-
ture of the liguid in the operational meter (Tm), calculate
the value of Fm using the appropriate technical standards.
Round thts value according to the requirements specified
in Table 5.

Using the factor (Fm) determined in the preceding slep,
together with the liquid pressure in the operational meter
{Pm), the equilibnum vapor pressure of the liquid in the
operational meter (Pem), and the basc pressure (Pba), cal-
culaic the CPLm value using the following expression:

!

CPLm=
T Z[(Pm+ Pba~ Pem) x Fm)

Round this value according to the requirements speci-
fied in Table 8.

Note: [f the vapor pressure of the liquid is less than atmospheric
pressure al normal temperatare, Fem is considercd to be zero

psig.
3. l_)et.ennine CCFm:

When the two correction factors have been determined,
the combined correction factor of the operational meter
(CCFm) can be calculated by serial multiplication of the

4
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correction factors in the order specified, using the equa-
tion shown below. Round this value according to the
requirements specified in Table 8.

CCFm = CILmx CPLm
4. Dctermine ISVr: -

The indicated standard volume (/SVm) of the opera-
tional meter is the volume of the liquid passing through
the meter during the equivalent proving pass and is calcu-
lated by the following equation:

ISVm =IVmx CCFm

Round thjs valuc according to the requirements speci-
fied in Table 8.

h. Step 8—~Calculate IMF

Intermediate meter factors are determined for every
selected proving run by the formula:

GSVmm

IMF = SV

Record and round this value to the requirements specified
in Table 8.

i. Step 9%—Calculate Repeatability.

To judge the acceptability of each of the selected runs,
the repeatability for the average meter factor method is
calculated as follows;

Intermediate meter factors (IMF) shail be calculated for
each proving run. The range of these intermediate master
meter factors, for all the acceptable proving runs is now
calculated, and used as the measure of accepability for
the meter proving. In this method, the complete calcula-
lion steps to delermine an intermediate meter factor have
to be performed for every selected prover run and then
comparing all these intermediate meter factors for accept-
able repeawbility. Acceptable repeatability (%R) is

defined as all the intermediate meter factors within a range
of 0.050%. o

This repeatability check is made using the following
formuia:

_ maxIMF - minIMF

.-.R‘?. - miniMF x 100

J- Step 10—Calculate Final MF.

Having cstablished that the range (repeatability) of the
intermediate meter factors (TMF) meels the acceptability cri-
teria, then a final meter factor shall be calculated as follows:

ZIMF

n

MF. =

where

n = the number of acceptable IMF from the selected
proving runs.

Record and round this value to the discrimination level
requirements as specified in Table 8.

k. Step 11-——Composite Meter Factor (CMF).

The composite meter factor is determined at the time of
proving by the following expression:

CMF=MFxCPL

When calculating the CMF, use a CPL value that is based
on the normal metering pressure that occurs when the hydro-
carbon liquid flow £ ret passing through the prover.

1. Step 12—Calculate Meter Accuracy (MA)

" For many field applications. a mechanical or electronic cal-
ibrator is often used w adjust the meter (acwor o unity to cor-
rect meter readings associated with truck loading racks and
LACT/ACT meter skids. To ascertain that the proving repoit
and the required calibrator adjustmenis have been made with-
out error, determune the meter accuracy for each proving run
using the following equation:

E
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QObtain and Record Prover Data

Obtain and Record Meter Data -

Obtain and Record Data on Hydrocarbon Liquid being Metered

Determine Base Density

Make Proving Run -

Record Tp, Pp, Tm, Pm, and N

Determine BPV, CTSp, CTLp, GPLp, CPSp, CCFp, and Calculate GSVp

Determine IVm, CTLm, CPLm, CCFm, and Calculate ISVm

Calculate (GSVp/1SVm} Intermediate Meter Factor (/MF)

Meet Selected Run (/MF) Repeatability Requirements?

YES NO g

Calculate Average Meter Factor

. Figure 1—Proving Report Flow Chart
Displacement Pipe Prover Using Average Meter Factor Method

Copyright by the Amarican Petroleun inxtitots
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Obtain and Record Prover Data
Obtain and Record Meter Data
Obtain and Record Data on Hydrocarbon Liquid being Metered

Determine Base Density

Make Proving Run - A
Record 7d, Tp, Pp, Tm, Pm, and Ni

Meet Selected Run {N)) Repeatability Requirements?

YES NO -

Calculate Td(avg), Tp(avg), Pp(avg), Tm(avg), Pm(avg), and N{avg)
Determine BPV, CTSp, CPSp, CTLp, CPLp, CCFp, and Calkculate GSVp
Determine fvm, CTLm, CPLm, CCFm, and Calculate ISVm

Calculate (GSVp/5Vm) Meter Factor

Figure 2—Proving Report Flow Chart
Small Volume Prover (with Externally Mounted Detectors) Using Average Data Method
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Obtain and Record Prover Data
Obtain and Record Meter Data

Obtain and Record Data on Hydrocarbon Liquid being Metaered

Determine Base Density
Record SR and MRo (if applicable)
Make Proving Run -

Y A

Record Tp, SRy, Tm, Pm, and (MAc or N, whichever is required)

Determine BPVa, CTSp, CTLp, CCFp, and Calculate GSVp

Determins IVm, CTLm, CPLmM, CCFm, and Calculate /1SVm

Calculate {(GSVp/ISVm) Intermediate Meter Factor (/MF)

Meet Selected Run (IMF) Repeatability Requirements?

YES NO —J-

Y

' Calculate Average Meter Factor

Figure 3—Proving Report Fiow Chart
Volumetric Tank Prover Using Average Meter Factor Method
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Fri Mear 24 13:08:44 1000



STD.APi/PETRO MPMS 12.2.3-ENGL 1998 BN 0732290 0bL2876. 23Y4 m

SECTION 2, ParT 3—PROVING BEPORTS * 41

Obtain and Record Master Prover Data
QObtain and Record Master Meter Data
Obtain and Record Data on Hydrocarbon Liquid being Metered

Determine Base Density

Make Proving Run - A

Record Tmp, Pmp, Tmm, Pmm, and N

Meet Selected Run (M) Repeatability Requirements?

YES NO -

Calculate Tmp(avg), Pmp(avg), Tramfavg), Pmm(avg), and N(avg)
Determine BPVmp, CTSmp, CPSmp, CTLmp, CPLmp, CCFmp, and Calculate GSVmp
Determine IVmm, CTLmm, CPLmm, CCFmm, and Calculate /SVmm

Calculate {GSVmp/ASVmm) Master Meter Factor

Figure 4—Proving Report Flow Chant
Proving a Master Mater with a Displacement Master Prover Using the Average Data Method

Copyright by the American Petroleum xstinrts
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B

Obtain ang Record Master Meter Data

Qbtain and Record Field Meter Data

Obtain and Record Data on Hydrocarbon Liguid being Metered

Determine Base Density’

Make Proving Run --ef—
Record Trmm, Pmm, Tm, Pm, and N
Y
Determine {Vmm, CTLmm, CPLmm, MMF, CCFmm, and Calculate GSVmm
Determine IVm, CTLm, CPLm, and Calculate ISVm

Calculate intermediate Meter Factor {IMF)

Meet Selected Run (/MF) Repeatability Reguirements?

YES NO ;A
Y

Calculate Average Meter Factor

Figure 5—Praving Report Flow Chart
Proving a Field Mater with a Master Meter Using the Average Meter Factor Method

Copyright by the American PeiToloom institute
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13 Proving ReportExamples - - = .. . - 0w ceoes e L- e

The following exampies are shown for illustrative purposes only. However, they can hc used to verify computer routines and
calculation procedures. The number of selected proving runs is an aperator (company policy) decision. and the number of proving
runs shown in the following examples are intended to be illustrutive only. Many other equally valid numbens of proving runs could
have been selected.

13.1 EXAMPLES OF METER PROVING CALCULATIONS FOR PIPE PROVERS AND SMALL
VOLUME PROVERS -

13.1.1 Example 1—Displacement Prover Report
a. Temperature Compensated Displacement Meter.
b. Unidirectional Meter Prover.
c. Low Vapor Pressure Crude Oil.
d. Calculate: Composite Meter Factor Using the Average Data Method.

Previous page is blank
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OPERATON :

Example

AP MW Chapasr 123 Pant 3 - BEcarnpir

1—DISPLACEMENT PROVER REPORT

Movambes, 1987

LOCATION : wWanhngion, D C. USa
METER DATA FLUID DATA REPOAT DATA
Factor CMF Tyoe Crude Frevnous Curern
T.Comp, Prisss Yas Batct No NA
NKE 1.000 coe  P/BbI Ot APT 44 % AP| 1- Tatten SADA 30 Juk-u
Mctcr Mo, 006 Oty Tamp BE.S  gagF ¥ - Tatles 5888 Covtm
Manuiscturer D Licurey T RCae) 1 <t (Smmc1 ¥ o Z) 21
Size 10 nches APIa&0 422 AP 2,542
Semal No. PO-97-101 Vierooly 00degF .00 cP - 5423872
Mocked No. 101-ABC " 433
500
s
PROVER DATA Liguid Properties =t 0025
arv 11.9048 Bbis Mataring Coaditioas For CAF © DOBE
Q.0. 20 inches -0 0011
W.T. 05 nchas FPressure 25 L]
Ppe GI 6 20E-08 por degF Tamporaiure 780 degF
E IEO7  par o EqQ. Vapor Fressurg o g
Tyre Ursdireciional CPL. 1 goaz Report Method 2 Avg DATA Method
Singpe- Walmad 1 (Y 240 A Crijaris 5 oul of & consscutivg Iuns
interral Deteciors 1 (I¥.2HM - - wairen 0.050%
Extermnai Shar. G! Na par dogF AP SAMRA - Crikie Ol and IP-4 . RpractudNily (R) 0025 ™)
Sena’ No u-10 APY MFMS Chaptee 11.1 Vol X
Manufacturer Provet Maxor AP MPMS Chaprier 11.2. 1
FOR TERFERATURE THESSONE PULELE  WUR WOR
To mre¥or Tdt Tm Po P L L L
{dagF) fawgF] tpaeg) (peigh
] T8 86 78.6 45 30 11 852.000 1 - NA
z 8z m|s 44 28 11 851000 z < NA
a ms b-F-1 43 23 11,8560.000 3 - A
+ 785 s 44 28 11,85D0.000 - - Na
a kg K] 789 42 25 11,852,000 s - A
3 78.8 e 4z 25 11,849 000 [ - NA
7 0o oo o ] 0.000 r - NA
] Do X o 5] 0000 s - NA
El oo (X -] o 9.000 . - [
e oo [R) o [} 0.000 10 - LT
Avarage 78 a0 7070 430 ar.o 11 350 8000 <> St Fluret MNa Avarage
{1) Dterminsion of G3Vp CCfo= O BRI1D4
[: 1o} Chopr Cpas Cwp Cpip GEVp Security Sealts
[t %% voeda Hall 199938 3 1 0000S " o FPOd » 1 on026 W= 11 resioo Seaks ON
LT Eaxxx
¢ oOTX xwxxw
{2) Datermination of ISVm CChm= 100018 Seais On
Av b 2o Cucatm 3008 TR xaxEE
Primas Pusas/BBL M Vol ctm Com 8V ALY ArExs
It 11 mso0 00 ¥t 1 oca ooa M=l V1 asoaod T * DocOo ” 1 00078 B 11 95270
{3) Detnrminastion of Proving Fackors Ectronic Temparature Davice
Founa
o 1 &5V M 1SYm ) = o eess MAF Cartringa 775 dagF
{2) LMF T CP ). 09938 CWF <cexc Devren 78.0 degf
{3 1INE - A 10} MA Laf
14) [ WPCF W AF tO00d 471 KF Carveed 781 awgF
] {KFWCPL)= 386 550 CKF Cevice 782 SogFf
SRNATUNE “DaTE (=g

Copyright by the American Petroleum institats
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13.1.2 Example 2—Displacement Prover Report R
a. Nontemperature C'ompensmed Turbine Meter.
b. Bidircclional Meter Pro\-rer.
¢. Low Vapor Pressure Petroleum Product,

d. Calculate: Meter Factor Using the Average Meter Factor Method.

Copyriahit by the Americar: Patroleus Instituts -
Fri Mar 24 13:04:5% 2000
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Example 2—DISPLACEMENT PROVER REPORT
OPERATOR : AP MPME Chaoler 122 Pant 3 - Examphe 2 Noverber, 1997
LOCATION : Washwngeon D C. USA
WETEN DATA T RO0D DATA | HEBPORT DATA
Factor MF Type Sy Prewvious Ciarnt
T.Comp. Puises o Batch Ne. NA
NiF 4 apo.ogo  P/EO Obs APl 625 AR 1 - Tabies SABA Date 3aug0? 2008
Meter No 006 Obe Tamp 865  degF 7 - Table SB/S8 Fid Type L] su
Manutacturer  Canvenhonal Turbine Liqusd Tases F3 ccc (St Tor 2) Asport Mo. 20 21
Sere 10 nches API@ED 531 AP Flowrata 2,457 2,542
Senal No.  PD-97-207 Viscosily 100degF 450 cP Totalizer 4678329 5423873
Modal No 102-ABC AP B BD 45 591
Viscosiy (cP) 058 o050
Prover Temp HS 788
PRAOVER DATA Ugusd Proparties at A% 0oa2 0.027
BPV 23,8105  Bbis Metering Conditiona For CMF Factor (MF) o go88 o 899n
ab 16 mches Factor Variaton - 0.0010
wT. ¢5 inches FPressure 25  psw
Flpe GI 6.20E06  per oegF Temperature 780  ocegF
E JI00E+GT  per pst Eq Vapor Pressure ¢ Py
Type Bidwectional CPL NA Report Method 1 Avg MF Method
Single-Walled 1 {1-Y, 2N} Run Criterts 5 cul of 6 CONESCUING MUNE
internal Delectors 1 (17, 20} within 0.050%
External Shat, G/ NA per degF AP15B/88 - Gasclines and Napthenes Repeatabfitty (R} 0.027 (%)
Senal Mo B-202 API MPMS Chapter 11.1 Voi X
Manufacturer  Provar Maker API MPMS Chaptar 11.2.1
AUN TEMPERATURE ________ PRESSURE PULSES  AUN AOH
Tpard Td Tm Pp Pm N MF
(oegF) iangF} (osg) osg)
t 78.6 7B 6 45 30 23,535.000 1 < & 99950
2 782 7B 44 23 23,838 $00 2 <« 0 oves2
3 7e.5 785 43 25 23.849%.000 3 -
L] 76.5 78.8 44 28 23,840.000 ) - 0 99547
5 78.8 739 42 25 23.831.000 s < 0 99974
[] 788 789 4z 25 23.832.000 & < 0 900
7 090 ao o 0 0,000 7 .
] ©o 0.0 0 0 Q000 [} -
] 0.0 Qo 0 9 0,000 ® -
i £.0 0.0 [ 0 0.000 10 -
Average 75 ¢ 78,70 430 270 23 835 4000 <> Seicesed Rurs 099958 Average
{1) Dotermination of GSVp Cipw NA
BPY Ciap Cpso ce Cole GSVp Security Sesis
23 81050 MK 1.00035 " 1 fO004 " 17k I 100035 0= HA Seals O
00K TARX
XX X oy
(2) Determinaiion of ISVYm CoFma HA Seals On
Average (mma RARAR FIv T
Pusses PumevBBL M Vel Cim Cpim VM X0k oo
H &3.835.400 » 1.000 000 H={ 27835403 i o.en7ze vi 100022 e NA
{3) Detarmmation of Proving Factors cione: Temperalure Devics
Found .
1) {GSVB A 15vm ) - & 0966 MF  cecce Cartdwd 77.5 degF
sl [WF (G ) s NA CMF Covce 78.0 degF
&l 1/ MF - 16004 MA Lelt
(L]} {MNEFWNF; - 1,000 400 KF Cotimd 781 aegF
{51 {KF PICPL) = A CKF Device 78.2 dagl
SIGNATURE DATE COMPANY

tooyright by the American Petrolea irtiute
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CHAPTER 12—CALCULATION OF PETROLELM QUANTITIES

13.1.3 Example 3—Small Volume Prover . . -

a. Nontemperature Compensated Helical Turbine Meter.

b. Small Volume Unidirectional Prover with Externally Mounted Detectors.
¢. High Vapor Pressure Liquid.

d. Calculate: Meter Factor Using the Average Meter Factor Method.

Copyright by the Amarican Peiroleus Dstituts

fri Mar 24 13:-0868 2000
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Example 3—SMALL VOLUME PROVER

OPERATOR : AP MPMS Chapte 12 2 Parl 3 - Exarrois 3 Novernbar, 1097
LOCATION : Wastehgion, O G USA
METER DATA FLUID DATA REPFOAT DATA
Factor ME Type NAPTHA Prevom Curment
T.Comp. Pulses No Barch No NA
NNF 354 399 F/BO Cos AP 625 AP 1 - Tabies SA/BA Dats  >Auge7 30-Jul-98
Mater No. 005 Ovs Temp 865 cegF 2 - Tables 58468 Fluxt Type PG HAPTHA
Manufacturer Helcal Turbine Ligusd Tables 2 < (Sadoct I or 2 Report No. 20 21
Size 4 inchea APIO6&0 gt AP Flowrae 2.457 542
Senal No, HT-97-108 Vscosity 100degF 050 of Tolahzer 4678329 5423873
Moas! No 103-ABC AF! @ 60 408 591
Vescoaty (cP) 023 650
Provar Temp 345 7B 8
PROVER DATA Lquid Propertes at = P% Coba? 0.037
BPY 524037 Bbis Metering Condilions For CMF Factor (MF) 09922 09997
ap 10.750  nches Factor Yanahon -— 0.0009
W.T. 0.365 inches Fressure 80 oy
Fipe GI 620E-06 per degF Temperaturs 78.0  degF
E  3.00E+07 perpss Eq Vapor Pressure 15 g
Type Sm.YolPrvt CA.  Na Report Method 1 Avg MF Method
Single-Wailed 1 (Y, 249 Run Critaria 5 out ot 6 congecutive uns
Internal Detectors 2 (1Y, 289 withery 0.050%
Extomel Shafl, G/ B.OUE-0E  per degF AP SB/6B - Gatolines and Napthenes Repesatability (R) 0037 (%)
Senal No U-300 APl MPMS Chaptar 1.1 VoI X
Manufactrer  Uniduschonal API MPMS Chapter 11.2.1
AUN TEMPERATURE PRESSURE PULSES RUN RUN
Tpwo Td Tm Pp Pm N DF
(degF) (egF) ] [
§ 788 786 a 77 1,861,541 t < © 99952
2 78.2 78.5 az 77 1,861244 2 < o.00008
3 78.5 785 a 78 1,860.008 a -
4 73.5 78.8 a1 76 1.861.353 4 < LR P
5 788 78.9 ao 77 1861574 5 < 059958
[3 78.8 789 an 76 1.861 672 & <= 4 PRS2
7 0.0 (] g 4] 000 ? -
] 0.0 0.0 C o 0000 3 -
L] 00 [131] L] Li] 0000 1] -
10 ad on Q ¢ 0000 10 -
Average 73 6 78 70 21 ¢ 770 " BRT 4770 <> Saipcied Auns 099087 Averane
(1) Desenmanation of GSvp CCfp= NA
EPY Cou Cpap Cwp Cpip GSVp Saturdy Saas
Il 52007 Wi 1 60034 ¥OO100007 ) 098733 ¥ 1,00C54 = NA Seals Off
X R
X000 frr-
(2) Desermination of IS¥m CCFm = NA Seals On
Avarage Goas RERAE e
Puites Putsas/BRL Litr Vol Com [y ] 15vm 1IN X000
£ 1RRY 477 w 354 By m| 5245090  TK o rze b1l 1 00050 H= NA
{3} Determination of Proving Factors Electronic Termperature Device
Found
n {GSMEMesvm) s 9997  MF  cx<ae Certhed 775 degF
@ (MF)(CPL) s NA CMF Device 78.0 dagF
it (1/MF= 10003 MA Lett
14y INKFUMF )= 355006 KF Caftihed 781 dwgF -
[H] (KF M CPL) = NA CKF Dece 78.2 dogf
SIGNATURE DATE COMPANY

Conyright by the Amarican Petroleos nstituts
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&80 CHAPTER 12—CALCUALATION OF PETROLEUM QUANTITIES

13.2 EXAMPLE OF A METER PROVING CALCIJLATPON FOR. AN ATMOSPHERIC (OPEN) TANK PROVER

13.2.1 Example 4—~Atmospheric Tank Prover Report
a. Temperature Compensated Displacement Meter.
b. Atmospheric (Open) Tank Prover. ... .
¢. Low Vapor Pressure Petroleun Product.

u. Cafculate: Meter Factor Using the Average Meter Factor Methed.

£opyright by the American Patroloum nstitrt
Fri bar 24 21001 2000
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SECTION 2, PART 3—PROVING REPORTS 5

Example 4—ATMOSPHERIC TANK PROVER REPORT

Operator: API MPMS Chapter 122 Part 3

Location: Washington, D.C. USA November 1997
METER DATA FLUID DATA REPORT DATA

Factor type. CMF Fluid type: Gasoline History Previous As Found
Method: Avg. Meter Factor Obs. API 57.0 API Date: 101797 1117/97
T.Comp. Pulses: Yes Obs Temp. 88.5degF Report: ’ 21 2

NKF. 200 pulsas/gal. API@60 53.6 AP! Rata: 615 GPM 600 GPM
Meter No. 214 {Use Table 5B 1o gat API1@ 60} Totalizer: 2000687 2004576
Meter type: Drsplacernent {Use Table 68 for CTLp & CTLm) APib. 53.4 53.6
Meter size: B inches {Use Table 11.2.1 for *F factor) Tp: 79.0°F 83.0°F
Meter Modet: 50-ABC R{%) Range <0 050% <0.050%
Serial Number: PD-06-304 CMF 1.0005 10025
TANK PROYER DATA COMPOSITE FACTOR: METER PEARFORMANCE:

BPV: 1000.00 gallons Assumed weighted New CMF: 10004
Type: Atmaspheric tank average temperature Factor change: 0.200%
Mfg: Prover Maker and pressure for {Avg. “as found” o previous CMF)

Serial No. AT-100 caleutation of CMF: Repaealabliity (R) <0.050%
D n/a (mikd steel) Pressure: 40 psig Critena: Range within 0.050%
WT: n‘a Temperature: 825degF : Minsmurn ecy L

Ge: 0.0000186 per deg F Pe: D psig .

E: 30,000,000 per psi CPL for CMF: 1.0003  (Compressibiity (F) tacior = 0.00000744)
PROVER TANK DATA/CALCULATIONS RUN 1 RUN 2 AUN 3 RUN 4

Upper Scale Reading (SAU), gallons 100010 1000.34 1000.29 1000.04

Lowar Scale Reading (SA), galions 0.00 0.22 -0.17 042

Base Measure Volume, Adusted (BPVa) 1000.10 1000.12 1000.45 1000 48
Average Tank Prover Temperature ~ Tplavg) 82.2 8.6 828 830

Tank Prover Pressure (Pp) atmosphenc atmospheric atmospheric atmosphafic
Compressibility Factor (Fp) 0.00000743 0.00000744 0.00000746 0.00000746
CTSp (CTS for prover) 1.00041 1.00042 1.00042 1.00043

CPSp (CPS for prover)__atmospheric 1.00000 1.00000 1.00000 1.00000

CTLp (CTL for prover} 0.98553 098527 0.98513 0.98500

CPLp (CPL for prover),..atmospheric 1.00000 1.00000 1.00000 1.00000

CCFp  {CTSp" CPSp* CTLp " CPLp) 0.98503 0.98568 0.98554 0.98542
GSVp= {BPVa" CCFp) 986.029 985.798 985,993 985.873
FLOW METER DATA /CALCULATIONS RUN 1 RUN 2 RUN 3 RUN 4

Flow Rate in Galons per Minute (GPM) 600 600 600 800

Meter Clasing Pulses 196688 196700 197139 137087

Mater Opening Pulsss zeroed counter zeroed counter zaeroced counter zeroad countef
indicated Pulses from Meater (N) 136668 196700 197139 197087
Nominal K-Factor, IndicP/Gal, (NKF) 200.000 200.000 200.000 200000
Indicated Meter Volume (IVm) gallons 983.440 983 500 985.695 935.435

Meotor Temperature in dagraes F (Tm) 820 823 825 828

Meter Prassure 1n pstg (Pm) 40 40 40 40
Compressibility Factor (Fm} 0.00000743 0.00000744 0.00000744 0.00000746
CTLm {CTL for meter) Note: ATC 1.00000 1.00000 1 00000 1.00000

CPLm (CPL for meter) 1.00030 1.00030 1.00030 1.00030

CCFm (CTLm * CPLm) 1.00030 1.00030 1.00030 1.00030

ISVm = {I¥m = CCFm) 883.735 983 735 485.99 985.731
METER FACTOR CALCULATIONS RUN t RUN 2 RUN 3 RUN 4

IMF (intermediate Meter Factor (GSVp / ISVm)  1.00233 1.00204 1 00000 1.00014

MF {"As Found™ & “As Lelt” MF) Average MF 1.0022 Average MF 1.0001
cPL {for assumed average conditions) 1.6003 1.0003
CMF (MF) * (CPL) 1.0025 1.0004
MA {1/ MF) 0.9978 0.9999
KF (NKF) / {MF) 199.561 195.980
CKF {NKF) / {CPL) 199,501 199.920
Signature Data Company

Hemarks. Meter Calibmator agjusted atter Bun 2

(May be ondy one nun if two consecutive mads after recalibration).
{May be only ane run if two consecutive mada nefore recalibration)

Average Runs 1 & 2 “As Found™ CMF
Average Runs J & 4:"As Leif" CMF,

Copyright by the Amaricas Poiroletm xtitts
Fri Mo 24 H:10:03 2000
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13.3 EXAMPLE OF A METER PROVING CALCULATION USING A MASTER METER .. __
13.3.1 Example 5—Master Meter Proving Report

a. Nontemperature Compensated Master Meter.

b. Bidircctional Meter Prover.
c. Low Vapor Pressure Crude Oil.
d. Calculate: Master Meler Factor Using the Average Data Method.

Copyrigit by e Amatican Petroleum institita
Frd Mtar 24 13:10:0% 2000
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.Example 5—MASTER METER PROVING REPORT

OPERATOR : AP MPMS Chapier 12.2 Pad 2 November, 1967
LOCATION : Washingion, DC USA
MASTER METER DATA FLUIC DATA MASTER METER REPORT DATA
Factor WF Type Crude Prevous Currem
T.Comp. Pulses No Batch No. NA
NMF O 1,000.000 pulses Obs APt 445  APY 1 - Tabhes 5464 Data  3-0cv97 30-Jut-98
Mgter No, MM-001 Obs Temp 865  dagF 2- Tabtes 568/68 Flud Type Crude Crude
Manufaciurgr  Ehsplacement Ugud Tubles 1 <o {Select 1 or ) Raport No. 20 21
Size 3 Inches API@60 412 AP . Flowrste bpn 1,134 S1203
Senal No, PD-222 Viscosity T00degF 500 P Totaflzer 5398229  S423A73
Moge! No 111-ACK API @ 60 430 42.2
Viscasity (cP) 4.78 500
_— Prover Temp 748 ms
MASTER PROVER DATA Liqind Propertwe at AP 0014 o7
BPV 23.829 Bbts Meterng Condibona For CMF Facior (MF) 10008 1 9002
oo 12 inches Factor Vanapon — <0 D001
W.T Q.375 wnches Prossurg 25 pog
, Ppe GI B.20E-06  per degh Temperatire 860  oegF
“ E  300EH7 pet pu EQ. Vapor Pregsure 0 pxyg
T¥pe Bidrecuonal Ch HA Report Method 2 Avp DATA Method
Singie-Walisd 1 (Y. 2N) Run Critera 5 out of 6 consecutve nung
intermal Detectors 1 (t-Y, 2N} wilrin 0.020%
Externat ShaR, G/ NA per degF AP15A/BA - Crude Od and JP-4 Repeatability (R]  0.017 (%}
Senal No ¥Y.a979 APT MPMS Chapter 11.3 Yol X
Manutacturer Prover Maker API MPMS Chapter 11.2.1
RUN TEMPERATURE PRESSURE PULSES RUN RUN
Trp Tme Pmg Pmm N WMMF
(degt) {degf) (P ]
1 78.6 788 45 30 23.849.000 1 WA
2 782 785 44 28 23,839.000 2 NA
3 8.5 TB5 43 25 23.838.000 a NA
Ll 78.5 788 44 28 23840.000 4 - NA
5 78.8 7859 42 25 23.836.000 5 NA.
3 788 Teg9 42 25 23,837.000 & <> Nk
7 0.0 0o o 0 0 000 7 - NA
L] 0.2 0.0 0 [} 0.000 [] - NA
9 6o a0 o] I+ 0.000 g - NA
10 00 00 0 o 0 COO 1 - NA
Avetage 78 &0 bR 430 260 23 838 0000 <> Selected Runs ) Average
{1} Determination of GSVmp COFme= 099103
BPYTE CTSmo CPSmp CTLmp CPLTp GSvmp Security Seals
[ 2382900 Iald 1 00o3s ¥l 190068 )Y 093039 ! 100028 N= 23815300 Sents Of
e OUCLE
potit] OOLE
{2) Determunatwon of ISVmm CChrm= 0 99050 Saals On
Avg Putbet Gxws M Vol KLIXX 0000T
M)} Puses’BRL mm CTLrmm CPLmm 15Vimm KXTTX FRAXI
[{ 23830 000 n 1000 00C N 23 838000 [ 0 99034 »*t 100016 2361150
{3} Determination of Master Meter Proving Factors Eleclronic Temperatae Device |
Found
) { GEWrp A ISVeren ) = 10002 MMF ccccx © Conimnd 775 degF
2 (MVFF{CPL) = NA CMF Device 780 oegf
3 1 MMF - opEsa  MA Lent
(4) { NEF A MIWF ) = o990 ace  KF Cahiad 7B 1 cagF
[E]] (KFHCPL )= NA CKF Unvicn 782 dagF
SIGNATURE DATE COMPANY

Copyright by the Amarican Peiroleum nstituty
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13.3.2 Example 6—Master Meter Proving Report (Proving Another Meter)
a. Temperature Compensated Displacement Meter
b. Master Meter used as the Proving Device
c. Low Vapor Pressure Crude Oil

d. Calculate: Composite Meter Factor Using the Average Meter Facler Method

EopyTigT by the American Patroium institute T
Frt by 24 13:10:07 2000
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Example 6—MASTER METER PROVING REPORT (PROVING ANOTHER METER)

Operator: API MPMS Chapter 12.2 Part 3
Locabon: Washington, D.C. USA Noveraber 1997
LINE METER DATA FLUID DATA REPOHT DATA
Meter No. FM-4444 Fluid type; Crude Ot History Erevious As Found
Meter Type: Displacement Obs. API 445 API . Date: 11110/97 1797
Meter Siza: 6 inches Obs Temp. 865deg F Report: 23 24
Meter Modat; AKC-600 API@60 422 API Rate (BPH): 1210 1150
Meter Mig. Flow Meter Maker Use Table 5B to ge! API@60) Totalizer: 2000687 2004676
Meter Senal No. PD-260 (Use Table 6B tor CTLmyn & CTLmM) APIb: 42.4 422
Temp. Comp. Yes {Use Table 11.2.1 for *F factor) To: 75 O°F T7.0°F
Gear Ratio: 14 Note: Viscosity 5.01 cP @ 100°F R{%) Range <0.050% <0.050%
Factor type: CMF CMF 1.0020 1.0028
MASTER METER PROVER DATA COMPOSITE FACTOR: LINE METER PERFORMANCE:
MM No MM-004 Assumed weighted MNew CMF: 1.0028
MM Type: Displacement average lemperature Factor change: 0.080%
MM Size: 6 inches and prassure for {Avg. “as found™ to previous CMF)
MM Model: 111-ACK calautation of CMF: Repeatabikty (R) <0.050%
MM Mig. Flow Meter Maker Pressure: 106 psig Critania: Range within 0.050%
MM Serial No. PD-222 Temperature: 77.0degF Note: Minimurn 2 Consecutive Runs
Temp. Comp? Na Pe: 0psg
NKF: 1000 pulses/bbi. CPLfor CMF:  1.0006 (F factor = 0.00000597)
Calculaton: Averaga Mater Factor Mathod
DATA/CALCULATIONS, MASTER METER RUN1 RUN 2 RUN 3 AUN4
Flow Rate in Barrels per Hour (BPH) 190 1190

- Closing Master Meter Registraton in Pulses 101530 101565
Opening Master Meter Registration in Puises zeroed counter Zeroed counter
Closing - Opening Pulses (N) 101530 101565
Pulses per Indicated Bamel (NKF) on Master Meter 1000.00 1000.00
Indicated Volume, Master Meater (IVmm = N'NKF) 101530 101.565
Temperature i degreas F (Tmm) 76.6 76.8
Pressure in psig {Pmm) 104 104
Compressibility Factor (Frmr) 0.00000596 0 00000597
MMF (Master Meter Factor) 1.00020 1 00020
CTumm (CTL. for master meter) 0.99143 099133
CPLmm (CPL for master meter) 1.00062 1.00062
CCFmm  (CTLmm " CPLmm * MMF) 099224 099214
GSVmm  (IVmm * CCFmm) 100.7421 100.7667
DATA /CALCULATIONS, LINE METER RUN 1 RAUN 2 RUN 3 RUN 4
Closing Line Meter Registration (barrels) 1004800 100.4600
Opening Line Meter Regisfraton (barrels) zerosd counter zeroed counter
Closing - Opening Registranion (IVm) 1004800 100.4600
Temperatyra in dagreas F (Tm) 76.8 77.0
Pressure in psig (Pm) 110 110
Compressubility Factor (Fm} 0.00000597 00000597
CTum {CTL for meter) Note: ATC 1.00000 1.00000
CPLm {CPL for meter) 1.00066 1.00066

, CCFm {CTum * CPUm) 1.00066 1.00086
ISVm (IVm * CCFm) 1005463 100.5263
METER FACTOR CALCULATIONS RUN1 RUN 2 * RUN3 RUN 4
IMF {Mater Factor = GSVmm / 1SVm) 1.00195 1.00239
MF (Average of Runs 1 & 2} 1.0022
CPL (for assumed average conditons) 1.0006
CMF (MF * CPL} 1.0028
MA (1/MF) 0.9978
KF (NKF / MF}) r/a
CKF (KF 7 CPL) rva
Signature Date Company
Remarks: Average Runs 1 & 2. “As Found” (samae as “As Leff") CMF.

Copryright by the American PeUroletm institiuts
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APPENDIX A—FLUID DENSITIES, VOLUMES, AND
COMPRESSIBILITY CORRELATIONS

A.1 General Information

Table A-1, provides a guide to the appropriate reterences
for RHOb, CTL, and F for most of the liquids associated with
the petroteum and petrochemical industry.

The following text, which is applicable to the Table A-1,
describes these recommended references. The expertise of a
physical properties specialist should be consulted before
adopting the recommendations contained in the table.

For some of the older references. the table values for
RHOb and CTL cannot be curve fil Therefore, it is recom-
mended that linear interpolation of these Lables (between col-
umns and values within a column) be utilized for
intermediate caicutations.

Density Meter (Densitometer) Calculations

When using an on-line density meter (densitometer), the
base density of a liquid (RHOb) is determined by the follow-
Ing expression:

_ RHOwp
RHOb = STLxCPL

1t is important to note that the density under Aowing condi-
tions (RHOwp), must be known o accuralely calculate the
base density (RHOb). Also, for low pressure applications,
CP1. may be assumed to be 1.0000, if a sensitivity analysis
indicates an acceptable level of uncertainty.

For some liquids, computer subroulines exist to comect the
observed density to base density, using the AP/ MPMS Chap-
ter 11.1, Volume X, implementation procedures. However, for
elevated pressures, an nerative pracedure to solve for base
demsiry is required for custody transfer purposes. The manu-
facturcr of the densitometer should be contacted lor consulla-
tion on the density calculation requirements at clevated
pressures.

The computation for comecting from density at flowing
conditons (RHOrp) to density at basc conditions (RHOB)
may be cammied out continuously, if mutually agreed between
all the paties concerned with the transaction.

A.2 Base Density (RHOD) Determination

The standards to convent llq_did density at observed condi-
tions (RHOobs) to base density (RHOb) arc as follows:

R1. APl MPMS Chapter 11.1, Volume X (ANSIASTM
D1250-1980), Tahles 5A. 53A, and 23A cover generalized
crude oils and jel fuel (JP4). The document specifies the
implementation procedures, wgether with rounding and trun-

Copyriant by the American Peiroleam inytits
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Table A-1—Appropriate References for RHOb, CTL, _
and F for Most Liquids

Liquid Type RHOb CTL F
Crude Qils .
Crude Oils (R1) (ChH (F1)
Natural Gasolines (R1} (1) (F1)
Drip Gasolines (Ri} (Cl) (F1)
Refined Products
JpP4 . A{RD) (chH (FI)
Gasoline {R2) (C2) (Fl)
Naphthenes (R2) (C2) (F1)
Jet Fuels (R2) (C2) (F1)
Aviation Fuels (R2) (€2 (D)
Kerosine (R2) (C2) (F1}
Diesel (R2) C2) (F1)
Heaung Oils (R2} - (C) {FL)
Fuel Oils (R2) (2 (F1)
Fumace Oils (R2) (C2) (F1)
Lube Oils (R3} (C3y (F1)
Propanc (R4) (C4) {F1)
Butane (R4) (4 {F1)
Propane Mixes (Rd) (Cq) (F1) -
Butane Mixes (R4} {C4) (Fl) -
Isopcntanc {R4) {C4) (F1)
Asphalt NA (€5) (F1)
Suivenls
Benzene NA (C6) (F1)
Toluene NA (C6) {F1)
Stoddard Solvent NA (C6) (Fl)
Xvlene NA (C6) {Fl)
Styrenc NA (C6) (F1)
Orthoxylene NA (C6) (F1)
Metaxylene NA (C6) (F1)
Paraxylene ., NA (o), (F1}
Cyclohexane NA (C6) (F1}
Acetone NA (C6) (F1)
Butadiene
Butadiene (R5) Ch ’ (FI
Buladtene Mixlures (RS) (€D (Fn)
T Water ,
For Volumetric Provers NA c8) ()
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cating, to determine the base density (RHOb) from the
observed density (RHOobs) and observed temperature (7obs)

at base pressure (Pb). .
1

a. Table 5A, used for a base temperature of 60°F, covers gen-
eralized crude oils and jet fuel (JP4) over an API@60°F
gravity range of 0 to 100°API. For natural or drip gasolines
with APE@60°F gravity greater than 100°API1, use Table 23
of ASTM D1250 (Historical Edition, 1952).

b. Table 53A, used for base temperature of 15°C, covers gen-
cralized crude oiis and jet fucl (JP4) over a DENb@15°C
range of 610 to 1075 kg/m’.

¢. Table 23A, used for base temperature of 60°F, covers gen-
cralized crude oils and jet fuel (JP4) over a RD@60°F range
of 0.6110 w0 1.0760.

R2. API MPMS Chapter 1.1, Volume X (ANSIASTM
D1250-1980), Tables 5B, 53B, and 23B cover generalized
products. The docuiment specifies the implementation proce-
dures, together with rounding and truncating, to determine the
base density (RHOb) from the observed density (RHOobs)
and observed temperature (Tobs) at base pressure (Pb).

2. Table 5B, used for base temperature of 60°F, covers gener-
alized products (excluding JP4) over an API@60°F gravity
range of O to 85°APL

h. Table 53B, used for base temperature of 15°C, covers gen-
eralized products over 2 DENb@15°C range of 653 w 1075
kg/m?, )

c. Table 23B, used for base temperature of 60°F, covers gen-
eraliced products over a RD@60°F range of 0.6535 o
1.0760.

R3. AP/ MPMS Chapier 11.1. Volume X (ANSVASTM
DI1250-1980), Tabtes 5D and 53D cover lubncating oils. The
document specifies the implementation procedures, together
with rounding and truncating, to detcrmine the base density
(RHOB) from the observed density (RHOobs) and observed
temperature (Tobs) at base pressure (Pb),

a. Table 5D. used for base temperature of 60°F, covers lubri-
cating ails over an API@&0PF gravity range of -10 w
40°APIL., o ‘

b. Tablc $3D, used for base temperature of 15°C, covers lubri-
cating oils over a DEND@ I5°C range of 825 to 1164 kg/m>.

R4. ASTM D1250 (Tablle 23—[I'[isloricnl Edition, 1952} cov-
ers a relatve density st 60°F (RD@60°F) range of 0.500 10
1.14X}). Table 23 convens the observed relative density at the
observed temperature and equilibnum vapor pressure 1o the
RD@60°F.

R5. ASTM DI550. used for base temperaturc of 60°F, is
applicabie 10 both butadiene and butadiene concentrates that
contain at beast 60 percent butadiene,

Capyright by the American Petroloum Institirta
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A.3 CTL Determination .
The standards that have been developed o’ determine the

_CTL values for vanous liquids are as follows:

C1. API MPMS Chapter 11.1, Volume X (ANSI/ASTM
D1250-1980), Tables 6A, S4A, and 24A cover generalized
crude oils and jet fuel (JP4). The document specifies, the
implementation procedures, together with rounding and trun-
cating, to determine the CTL from base density (RHO¥) and
fiowing temperatwre (T).

a. Table 6A, used for base temperatire of 60°F, covers gener-
alized crude oils and jet fuel (JP4), over an API@60°F gravity
range of 0 to 100°APL For natural or drip gasolines and con-
densates with AP1@60°F gravity greater than 100°API, use
Table 24 of ASTM D1250 (Historical Edition—1952).

b. Table 54A, uscd for basc temperaturce of 15°C, covers gen-
eralized crude oils and jet fuel (JP4) over a DENb@15°C
range of 610.5 to 1075.0 kg/m>.

c. Table 24A, used for base temperature of 60°F, covers gen-
eralized crude oils and jet fuel (JP4) over a RD@GO°F range
of 0.6110 10 1.0760.

C2. APl MFMS Chapter 11.1, Volume X (ANSIVASTM
D1250-198(), Tables 6B, 54B, and 24B cover gencralized
products. The document specifies the implementation proce-
dures and the rounding and truncating procedures to deter-
mine the C7L from base density (RHOb) and flowing
temperature (7).

a. Table 6B, used for base temperature of 60°F, covers gener-
alized producis (excluding JP4) over an AP1@60°F gravity
range ol O to 85°APL.

b. Tablc 54B, used for base temperature of 15°C, covers gen-
eralized products (excluding JP4) over a DENb@15°C range
of 653.0 1o 1075.0 kg/m?.

¢. Table 24B, used for base temperature of 60°F, covers gen-
eralized products over a RD@60°F range of 0.6535 to
1.0760.

C3. APl MPMS Chapter 11.1, Volume X (ANSIVASTM
D1250-1980), Tables 6D and 54D cover lubricating oils. The
document specifies the implementation procedurcs and the
rounding and truncaling procedures to determine the CTL
from the base density (RHOb) and flowing temperature (T).

a_ Table 6D, used for base temperature of 60°F, covers lubri-
cating oils over an API@60°F gravity range of -10 to
40°APL

b. Table 54D, uscd for hase temperature of 15°C, covers lubri-
cating vils over a DENb@ 15°C range of 825 to 1164 kg/m®,

C4. ASTM DI250 (Table 24—Historical Edition, 1952)
covers a relative density at 60°F (RD@60°F) range of 0,500
to 1.100 for liquefied petroleum gases {(LPG). Table 24 cal-
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culates the CTL from the rclative density @ 60°F and the
flowing temperature (T). '

C5. ASTM D1250 (Table 6—Historical Edition, 1952), used
for base temperature of 60°F, covers the gravity range for
asphalt, Table 6 is recommended by the API and Asphalt Insti-
tute for CTL determinalions on asphalt and asphalt products.

C6. ASTM 1555, used for base temperature of 60°F, is the
industry reference for CTL values associated with centain lig-
uid aromatic hydrocarbons. . e

C7. ASTM D1550, used for base temperature of 60°F, is the
industry reference for CTL values associated with butadiene
and buradiene concentrates that contan at least 60 percent
butadiene.

CB. API MPMS Chapters 11.2.3 and 11.2.3M cover CTDW
values utilized in water calibration of volummetric provers.

a. Chapter 11.2.3, used for a base temperature of 60°F, calcu-
lates the CTDW for the temperature of the water flowing from
the prover (Tp) and the temperature of the water in the test
measure (Ttm).

b. Chapter 11.2.3M, used for a base temperature of 15°C,
calculates the CTDW for the temperature of the water flowing
from the prover (7Tp) and the temperature of the water in the
test measure (7Tom). .

Fixed or Small-Variant Liquid Composition

There are numerous specification solvents, resins, chemi-
cals, und specialty hydrocarbons that are used or manufac-
tured by companies are not compatible with existing industry
CTL tables. For these materials, imerested parties may wish
to utilize proprietary liquid property tables, that have been
used for years, and that remain in use today for many applica-
tions, In applications where Table 6C of API MPMS, Chapter
11.1 is used, then laboratory testing or fluid property tables
can be used 10 determine the desired alpha (coelficient of
expansion) value. These alpha values can be used where
cxisting commercial reguirements permit.

Table 6C of API MPMS, Chapter 11.1 calculates the CTL
for a liquid with a chemical composition that is fixed, or does
not vary significanty, and whose coefficient of expansion
may be casily determined.

Since RHOb is constant, no correction or determination of
observed gravity 1s necessary. The APf MPMS Chapter (1.1,

Table 6C, is commonly used for specialized products with
coefficients of thermal expansion that do not follow Tables
6A, 6B, or 6D of API MPMS, Chapter 11.1.

Use of Table 6C requires an equation of state and/or exten-
sive data on the metered liquid.

~A.4 Compressibility Factor

Determination (F)

The density of the liquid shall be determined by the appro-
priate technica) standards, or, aliernatively, by the use of the
proper density correlations, ot, if necessary, by the use of the
correct equations of state. If multiple parties are involved in
the custody transfer measurement, the method selected for
detertnining the density of the liquid shall be mutually agreed
upon by all concerned. To assist in sclecting which methods
to utilize, the following information has been assembled for
clarity.

Fi. APl MPMS Chapers 11.2.1, 11.2.1M, 11.2.2, and
11.2.2M provide values for compressibitity factors (F) for
hydrocarbon fluids. The documents specify the implementa-
tion procedures, together with rounding and truncating, .to
determine F from base density (RHOb), the flowing tempera-
ture (7). and the ﬁqwigg pressure (P).

a. Chapter 11,2.1, used for base temperature of 60°F, covers
hydrocarbon liquids over an API@60°F range of 0 to 90°APL
b. Chapter 11.2.1M., used for base temperature of 15°C, cov-

ers hydrocarbon liguids over a DEN@15°C range of 638 1o~

1074 kg/m?.

¢. Chapter 11.2.2, used for base lempcraturc of 60°F, covers
hydrocarbon liquids over a RD@60°F range ‘of* 0.350 to
0.637.

d. Chapter 11.2.2M, used for basc temperature of 15°C, cov-
ers hydrocarbon liquids over a DEN@I5°C range of 350 o

637 kg/m3.

F2. The compressibility factor {F) for water utilized in the
calibration of volumetric provers is defined as follows:

a. For US Customary units, a constant # value (0.00000320
(3.20E-06) per psi for water shall be  utilized in the
calcutations.

b. For SI units, a constant F vaiue 0000()00464 (4.64E-07)

per kPa, or 0.0000464 (4.64E-03) per bar, for water shall be

uttlized in the Lnlculauons
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