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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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second edition cancels anid replaces the first edition (ISO 7278-2:1988), which has been
bed. It also cancels and replaces the first edition of ISO 7278-4:1999, the content of whi
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main changes are.as follows:

Che content.and scope now covers the design of pipe provers given in ISO 7278-2:19
buidancé.for operators given in ISO 7278-4:1999, which will be withdrawn.
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different relative sizes has been described.

— The design, calibration and use of small volume (compact) prover designs has been included.

— The document has been changed from a normative document to a guidance document to reflect best

practices.

— The document takes into account changes in practice described in alternative standards produced

by the American Petroleum Institute (API) and the Energy Institute (EI).

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introdu

ction

In the petroleum industry the term “proving” is used to refer to the calibration of devices used in the
measurement of quantities of crude oils and petroleum products. Proving uses specified methods to
show, or prove, that the result falls within specified acceptance criteria. Proving provides an assurance
that the resultant measurement provides an acceptable uncertainty for the duty.

A pipe prover, otherwise called a displacement prover, is a volumetric reference device providing
a calibration reference standard for flowmeters with an electronic pulsed output. The fluid remains
contained within the piping system and proving can be carried out dynamically at various flowrates

and pressu

Pipe prover
used for fis
refined oils
industry.

A pipe prov
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equivalent y

The calibra
calibrated s
of travel th

flowmeter yising electronic counters or counters within a flows computer. As the pulses represen
volume megsured by the associated flowmeter, a calibration:is achieved through the relationship
the calibrated volume of the pipe prover.

Pipe proverys are of different designs and are manufactured with a wide range of pipe diameters
volumes. They are available for use as part of a, fiscal measurement system in fixed locations an

mobile refe

Any type of
of the provg

This docum
for the calilj
be applied 4

es withoutimterruption to tire fiow.

5 are used extensively within petroleum industry to provide in situ calibration of flowimg
fal, custody transfer and pipeline integrity applications. They are used with bothlerudg
and products but may be used with many other fluids within and outsidg, the petro]

er consists of a length of pipe, a section of which has had its internal volume determ|
pbn. A displacer, usually a piston or a tightly fitting sphere or ball, travels along this seq
lacing an accurately determined volume of liquid. This volume c¢an be compared wit]
folume measured by the flowmeter under test.

Led volume of the prover is established by the detection-of.the displacer passing along
ection of pipe. Detectors sense the passage of the displacer indicating the start and
ough the calibrated section. The detectors trigger<the counting of pulses produced

rence devices.

flow meter giving a pulsed output may be calibrated however the volume, design and
r may impose limitations on.the type and size of meter which would be compatible.

ent describes the design, construction, calibration and use of pipe provers primarily
ration, proving and {erification of flowmeters used for liquid petroleum products and
0 other liquid applications requiring a high standard of measurement accuracy.
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Pipe prover design, calibration and operation

WARNING — The use of this document may involve hazardous materials, operations and
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liquids, including water/ The principles also apply for low vapour pressure, chilled an

prod

2
The

[pment. This document does not purport to address all of the safety problems|
 its use. It is the responsibility of the user of this document to establish appropi
health practices.

Scope

document provides descriptions of the different types of pipe provers, otherwise
acement provers, currently in use. These include sphere (ball}yprovers and pist
ating in unidirectional and bidirectional forms. It applies to provers operated in cc
ced volume, and small volume modes.

document gives guidelines for:

Lhe design of pipe provers of each type;

Lhe calibration methods;

the installation and use of pipe provers of eaeh type;

the interaction between pipe provers and different types of flowmeters;

Lhe calculations used to derive the yolumes of liquid measured (see Annex A);

Lhe expected acceptance criteria for fiscal and custody transfer applications, given as g
both the calibration of pipeprovers and when proving flowmeters (see Annex C).

h are liquid at ambient conditions. The principles apply across applications for a wic

ucts, howeverause'with these products can require additional guidance.

Normative references

e ate no normative references.

associated
iate safety

known as
on provers
nventional,

uidance for

document is applicable.to the use of pipe provers for crude oils and light hydrocarb¢n products

er range of
l cryogenic

3 Terms, definitions, symbols and units

3.1

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1.1
accuracy
closeness of the agreement between a measured quantity value and a true quantity value of a measurand

Note 1 to entry: The concept “measurement accuracy” is not a quantity and should not be given a numerical value.
The quantitative expression of accuracy should be in terms of uncertainty. “Good accuracy” or “more accurate”
implies small measurement error. Any given numerical value should be taken as indicative of this.

[SOURCE: ISO/IEC Guide 99:2007; 2.13, modified —Note 1 to entry modified; Notes 2 and 3 deleted.]

3.1.2

adjustment
set of operations carried out on a measuring system so that it provides prescribed indiCafions
correspondfng to given values of a quantity to be measured

Note 1 to enfry: Adjustment should not be confused with calibration which is a prerequisite for adjiistment.
Note 2 to enflry: After adjustment, a recalibration is usually required.
[SOURCE: I§O/IEC Guide 99:2007; 3.11, modified — Note 1 deleted; Notes 1 and 2 to entry shortengd.]

3.1.3

batch
proving bakch
set of cons€dcutive proving runs that is deemed to be necessary to derive both a mean value of volfime,
(3.1.22) or K-factor (3.1.19), suitable for subsequent use and may also be used afs an
indication df the repeatability of the measurements

Note 1 to entfry: A batch may consist of multiple runs or one run (3.1.38) of a significant number of multiple ppsses
(3.1.24).

3.1.4

block-and-pleed valve

double-blodk-and-bleed valve

twin seal v3lve

high integrity valve with double seals and provision for detecting leakage past either seal
3.1.5

calibration

set of opefations that establish,) under specified conditions, the relationship between quantjities
indicated by an instrument and-the corresponding values realized by standards

Note 1 to enflry: Calibratiomshould not be confused with adjustment of a measuring system.

Note 2 to enfry: Proving)(3.1.27) is used in the oil industry and has the same meaning but can include a chgck of
the results against Specified acceptance criteria.

[SOURCE: I§@Guide 99:1993Y; 6.11, modified.]

3.1.6

calibrated volume

base volume

volume of a prover between detectors, or of a volumetric measure between a top and bottom datum, as
determined by calibration and expressed at standard conditions

1) Withdrawn.

2 © IS0 2022 - All rights reserved
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3.1.7

cavitation

phenomenon related to, and following, flashing (3.1.14), where vapour bubbles or voids form and
subsequently collapse or implode

Note 1 to entry: Cavitation causes significant measurement error and also potentially causes damage to the
pipes, valves and meter components through erosion.

3.1.8

cyclic distortion

periodic variation in the pulse frequency generated by a meter caused by mechanical asymmetry within
the

" 1 :
ITLCT dIIU dLLTSSUTICS

Note|1 to entry: See also intra-rotational linearity (3.1.18).

Note|2 to entry: Examples of accessories are calibrators and temperature compensators, mechanical ¢r electronic.

3.1.
detdctors
deviges set to directly, or indirectly, sense the passage of the displacer(3.1.11) hence indicating each
end pf the calibrated volume

sphdre or a piston used to sweep out the calibrated volume between the detectors (3.1.9) of a|pipe prover

corijection factor
numferical factor by which the uncorrected result of a measurement at the measured cpnditions is
multiplied

Note|1 to entry: Correction factors te standard conditions are used to convert a volume at observed gonditions to
the violume at another (standard).cendition.

3.1.13
errqr
meapured quantity value'minus a reference quantity value

Note|1 to entry: Relative error is error divided by a reference value. This can be expressed as a perc¢ntage.

[SOURCE: ISQ/IEC Guide 99:2007, 2.16, modified — Notes 1 and 2 deleted; new Note 1 to entry added;
and pdmitted terms "measurement error” and "error of measurement” deleted.]

3.1.14
flashing
phenomenon which occurs when the line pressure drops to, or below, the vapour pressure of the liquid,
allowing gas to appear from solution or through a component phase change

Note 1 to entry: Vapour pressure of the fluid can increase with increasing temperature.

Note 2 to entry: Flashing is often due to a local pressure drop caused by an increase in liquid velocity, and
generally causes significant measurement error.

Note 3 to entry: The free gas produced remains for a considerable distance downstream of the meter even if
pressure recovers.

©1S0 2022 - All rights reserved 3
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3.1.15

four-way valve
flow reversal valve
single high-integrity valve which reverses the directional flow passing through a bidirectional prover

3.1.16
gating

initiation and cessation of pulse totalization in a counter, triggered from an external event or signal
from detectors

3.1.17
interchan

sphere han??ing valve
high integrity mechanism to relocate the displacer (3.1.11) from the downstream end of a unjdirecti

sphere proy

Note 1 to en

mechanism qluring a proving pass.

3.1.18

intra-rotat
quantitativ
at a constar

Note 1 to enf]

Note 2 to enffry: This may be referred to as inter-pulse deviations.

Note 3 to ent
attributed to

3.1.19
K-factor
ratio of the

3.1.20

end cham
launch cha
receive chsa
enlarged se
decelerates

3.1.21
linearity
total range
range

vatve

er to the launch position

ry: The valve enables continuous flow through the prover barrel while preventingflow acros|

ional linearity
e measure of the degree of regularity of spacing between the pulses produced by a flown;
t flowrate

ry: This is generally expressed as the standard deviation of.the'pulse widths around the mean v

the rotation of a meter internal mechanism. This may be referred to as pulse rate modulation.

number of pulses obtained from ameéter to the quantity passed through the meter

er

ber
imber
ction at the ends of:the pipe prover in which the displacer (3.1.11) rests prior to laung
and comes to rest\upon completion of a pass

Note 2 to entry: The deviation is the largest minus the smallest value of mean values at each flowrate.

onal

s the

eter

alue.

ry: Inter-rotational linearity is the regularity which repeats in a periodic or cyclic manner noripally

h or

of deviation of the accuracy curve from a constant value across a specified measurement

Note 3 to entry: Relative linearity is the range of values divided by a specified value, e.g. the independent linearity

as defined in

3.1.22

ISO 11631.

meter factor

ratio of the

3.1.23

quantity indicated by a reference standard to quantity indicated by a meter

nominal volume
design volume of a prover or volumetric measure

© IS0 2022 - All rights reserved
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3.1.24
pass
single movement of a displacer (3.1.11) between two detector actuations

3.1.25

pipe prover

displacement prover

device where a volume of fluid is displaced from a calibrated length of pipe and used to provide a
calibration reference for flowmeters

3.1.26
performance Indicator
deriyed value which may be used to indicate the performance of the meter

Note|1 to entry: Examples of performance indicators are error (3.1.13), K-factor (3.1.19), or.meter faqtor (3.1.22).

3.1.27
proying
califration with comparison to specified acceptance criteria

Note|1 to entry: The term proving is used in the oil industry and is similar towerification.

Note| 2 to entry: Proving is a calibration, sometimes of limited measurement range, according| to methods
speclfied in standards, regulations or procedures, providing a détérmination of the errors of § device and
showing (proving) it performs to specified acceptance criteria.

3.1.28

pulge interpolation
meaps of increasing the effective resolution of the pulses output from a meter by multiplying the pulse
freqpiency or measuring the fraction of a pulse agsociated with the total collected across a tjme period

Note|1 to entry: The most common method employed is the double timing (chronometry) technique

3.1.29
pulge interpolation divisor
ratig of the enhanced pulse frequercy to the frequency of the pulses generated by the metej

Note|1 to entry: A pulse interpolation devisor is usually associated with the phase-locked-loop syqtem of pulse
interjpolation.

3.1.30
range
meapuring range
set df values of flewrate for which the error (3.1.13) of a measuring instrument (flowmeter)|is intended
to li¢ withinspecified limits

[SOURCE;: 1SO Guide 99:19931), 5.2]

3.1.31

range

range of values

difference between the maximum and minimum values of a set of values

Note 1 to entry: This can be expressed as a half range (*) number. Relative range is normally expressed as a
percentage of a specified value e.g. mean, minimum or other calculated value.

© IS0 2022 - All rights reserved 5
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3.1.32

reference condition
reference conditions of measurement
operating condition prescribed for evaluating the performance of a measuring instrument

Note 1 to entry: The reference conditions generally include reference values or reference ranges for the influence
quantities affecting the measuring instrument.

[SOURCE: ISO/IEC Guide 99:2007, 4.11, modified — Notes deleted; new Note 1 to entry added.]

3.1.33

reference measure

volumetric
and device

easure calibrated, used and maintained to provide traceability to other volume méas
including pipe provers (3.1.25) and reference flowmeters

ures

Note 1 to enfry: A reference measure can be calibrated gravimetrically (primary measure) or volunietrically by

means of a pfimary measure which itself has been calibrated gravimetrically.

Note 2 to enffry: A reference measure may be a test measure or proving tank as described in ISO 8222.

3.1.34

repeatabil
measurems
closeness d
measureme

Note 1 to enf
procedures §

Note 2 to en
values of erf
standard dey

Note 3 to enffry: Dividing repeatability by the mean yatue gives the relative repeatability which can be expr¢

as a percentd

[SOURCE:
"repeatabil

3.1.35

resolution
quantitativ
closely adja

3.1.36
round-trip

movement ¢f the'\displacer (3.1.11) between the detectors of a bi-directional prover that correspon

arun being

ty

nt precision

f agreement between indications or measured quantity)values obtained by repl
nts under specified conditions

ry: Specified conditions normally implies the same reference, same conditions, same operator
nd that the data are obtained sequentially over a short'‘period of time.

ry: Repeatability can be expressed as the range-(difference between the maximum and minin
or (3.1.13) or K-factor (3.1.19). Alternatively, \xépeatability can be expressed as a function g
riation of the values.

ge. Itis noted some standards suggest'dividing by the minimum value.

SO/IEC Guide 99:2007, 2.15, ‘modified — Notes to entry have been revised; f{
ty" added as preferred termy]

e expression of €he ability of an indicating device to distinguish meaningfully bety
cent values of.the quantity indicated

a(pass in both the forward and reverse directions

cate

5 and

hum)
f the

ssed

erm

veen

s to

3.1.37
round-trip

volume

sum of the swept volumes in both the forward and reverse directions in a bi-directional pipe prover

(3.1.25)

3.1.38
run

single determination of a prover volume or of a flowmeter meter performance indicator (3.1.16) [error

(3.1.13), me

ter factor (3.1.22) or K-factor (3.1.19)] suitable for reporting

Note 1 to entry: A run may consist of a single prover pass for a unidirectional prover, two passes of a bidirectional
prover or a larger number of consecutive passes for a small volume prover to give single a reportable result.

© IS0 2022 - All rights reserved
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Note 2 to entry: The individual results within a multi-pass run are not normally reported unless required, but

may

be recorded and retained for diagnostic purposes.

Note 3 to entry: The repeatability of a multi-pass run may be used to monitor performance consistent with an
acceptance criteria.

3.1.39

run-

in length

pre-run length
length of prover barrel between displacer (3.1.11) launch point and the first detector chosen to ensure
all valves have fully operated, sealed and the flowrate and flowmeter are stable

Note

3.1.4
starn
base
cond
stan

Note
Note
Note

Note
unit
whe

Note
fore

3.1.4
stan
base
volu

3.1.
trac
met]

1 to entry: The design run in length is chosen for the maximum rated flowrate.

0

dard condition

condition

ition of temperature and pressure to which measurements of volume or 'density are
dardize the quantity

1 to entry: These are the specified values of the conditions to which the measured quantity is g
2 to entry: For the petroleum industry, the standard conditions ape usually 15 °C2), 20 °C and 1
3 to entry: Standard conditions can refer to the liquid or the volume of the measure. These mayj

4 to entry: Quantities of volume expressed at standard canditions may be indicated by prefixi
by “S”, e.g. 4 Sm3 or 700 kg/Sm3. This abbreviation isused in place of the unit m3 (standa
e there is limited space and there is no risk of confusion regarding the unit.

5 to entry: Standard conditions should not be coftfused with the reference (operating) conditior]
aluating the measure.

11

dard volume

volume

e expressed as being at stahdard conditions

2
eability
ological traceability

§

referred to

onverted.
01 325 Pa.
be different.
the volume

conditions)

s prescribed

progerty of a measufing result whereby the result can be related to a reference through a Jocumented
unbroken chain of'ealibrations, each contributing to the measurement uncertainty

[SOURCE: ISQAEC Guide 99:2007, 2.41, modified — Notes to entry deleted; term "traceabiliffy” added.]
3.1.43

transferpoint
point-e¥lecationinafluidtransterwhere-the-quantity-and-accountabilibref-the-fluidpasses from one

measurement system to another

Note 1 to entry: For any system a transfer point be designated as being a valve, a solenoid valve, a swan neck or

weir.

It may also be the meniscus formed at the bottom of an open ended filling pipe,

2)

In the US, the standard conditions are usually 60 °F (15,6 °C).
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3.1.44
uncertaint

y

non-negative parameter characterizing the dispersion of the quantity values attributed to a measurand,

based on th

e information used

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified — Notes 1-4 deleted; new Note 1 to entry added.]

Note 1 to entry: The uncertainty is normally expressed as a half width range along with the probability
distribution with that range. It can be expressed as a value or as a percentage of the perceived true value.

3.1.45

volumetricmeasure

measure used to provide an accurate measurement of volume to provide a reference for other voiume

measuring flevices e.g. pipe provers (3.1.25) or flowmeters
Note 1 to enfry: Proving tanks are volumetric measures of larger size with a top and bottom neck:
3.1.46
water-draw
technique fpr calibrating a pipe prover (3.1.25) or volumetric measure (3.1.45) by withdrawing liquid
from the prpver or measure into a reference measure (3.1.33) (volumetric or, gtavimetric)
3.2 Symbols and units
Symbol Quantity Unit
Coubscript ~ [volume correction factor to correct a volume to or from.a standard condition. The
subscripts define the correction parameter. There may.be up to three subscripts.
Col volume correction factor for the pressure expansien of liquid from measured pres-
sure to the standard pressure
Cps volume correction factor for effect of pressure change on material (steel) of con-
struction from measured pressure to the standard pressure
Cy volume correction factor for thermal.expansion of liquid from measured tempera-
ture to the standard temperature
Cis volume correction factor for thermal expansion of material (steel) of construction
from measured temperatureto the standard temperature
Additional subscripts canbé used to denote the device, condition or source. These
may be applied as a third subscript to the correction factors or to a measurement
correction and is defified where used. The following are commonly used:
D the difference between a reference device and the device under test rather than
correction to/Standard conditions;
M a flowmeter
a referenee device;
T a deévice under test or calibration.
D internal diameter of prover mm
E elastic modulus of prover barrel
F meter factor
fi pulse interpolation factor
K K-factor of a flow meter Pulses/m3
K, nominal K-factor of meter Pulses/m3
L length between detectors m
m mass throughput during a delivery kg
m; mass of water collected in weight tank kg
N number of pulses collected during a delivery or a run
8
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Symbol Quantity Unit
n number of pulses collected during a proving pass
D Pressure. Unless specifically stated, this is the pressure in excess of atmos- Pa
pheric pressure. i.e. gauge pressure. Atmospheric pressure may be assumed as
101 325 Pa. (bar)
R pulse interpolation divisor
rq detector resolution
t Temperature. A subscript indicates the temperature referred to. °C
t value from the Student's t-distribution
U uncertainty - expanded
u uncertainty - standard
%4 observed volume, i.e. volume of fluid at actual pressure and temperature m3
Vu volume indicated by a flowmeter at observed temperature and pressure m3
Vr volume from reference device, at standard or observed temperature and pressure m3
Vs volume at standard conditions, 15 °C and 101 325 Pa (see NOTE 2) m?3 (at
standard
donditions)
w wall thickness of prover mm
w, weight of water (in air) collected in a weightank kg
a linear coefficient of thermal expansion of metal °c1
B compressibility factor of liquid in use bar-1
p density of liquid at measured pressure and temperature kg/m3
Pa density of air kg/m3
Pn nominal density of weights used to calibrate weighing machine (8 000 kg/m3) kg/m3
Pp density of fluid in pipe prover during calibration kg/m3
Pr density of pure water at temperature t kg/m3
Pw density of water kg/m3
NOTE1  The preferred unit for kifematic viscosity is metre squared per second (m?/s) or millimeftres squared
per decond (mm?/s). The practicaljunit used in this document is the industry recognized unit cenfistoke (cSt);
1 cSt= 1 mm?/s.
NOTE 2  The preferred-unit for a volume expressed at a standard condition is m3 (standard dondition). In
practice this is conventienhally abbreviated to Sm3 where there is limited space and there would be ho confusion
of unfits used.
4 Pesignelassification of pipe provers
4.1 | €ommon features

A pipe prover consists of a length of cylindrical cross section pipe through which flow is directed.
The pipe can be straight or in the form of a loop consisting of straight lengths joined by long radius
bends or elbows. The pipe can be assembled from standard pipe sections or specially manufactured
and machined pipe sections. It can be made from carbon or stainless-steel, or an alternative material.
The internal bore should be cylindrical and smooth, and usually has a hard plated, epoxy or phenolic
internal coating. Provers are normally found with pipe diameters ranging from 50 mm (2 inch) to over
1 050 mm (42 inch).

A displacer is inserted into the pipe. The displacer may be a piston, free or constrained (captive) piston
or a free elastomer sphere (ball). A sphere is able to pass through bends or elbows while maintaining
a seal, hence allowing a shorter footprint for the prover assembly. When introduced to the flow the

displacer travels along the length of the pipe displacing fluid to the flowmeter under test.
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Detectors are installed to sense the passage of the displacer at the beginning and end of the measurement
section of the prover. When actuated, the detector triggers the counting of pulses from the output of the
flowmeter being calibrated. Detectors can be directly actuated by the displacer or remotely through a
connecting rod.

The volume of the measurement section, between detectors, is established through calibration. The
volume of liquid contained is displaced from the pipe by the passage of the displacer hence giving an
equivalent volume passed to the flowmeter under test. The flowmeter K-factor, error or meter factor
can then be determined. The operating principle is shown in Figure 1.

[ 2 ]
11 !
3 L

Key

1 detector|s

2 calibrated length and volume

3 displacer

4  seal

5 pipeinslde diameter

a

Flow (frpm flowmeter).
Figure 1 — Principle’of operation
There can He one or two detectors at the start ofithe calibrated section and one or two detectors af the

end. These nay be designated by number or letter e.g. A&B, C&D or 1&2, 3&4.

Pipe proveys are divided into four design classifications based on the displacer movement and fype.
The classififations are:

— unidirectional provers;
— bidirectional provers;
— sphere provers;

— piston provers,

A proprietafy smal volume provers (SVP), sometimes referred to as a compact prover, is a unidirectjonal
piston provier:specifically designed and constructed to operate, for the most part, as a small Voﬂume
prover.

Further operational classification is given by the relationship between the volume of the prover and the
characteristics of a meter being proved. This relationship relates to the resolution, internal volume and
the time constants associated with the meter along with the maximum and minimum flowrates being
covered. The operational classifications are:

— conventional;
— reduced volume;
— small volume.

Provers have a run-in length of pipe between the displacer launch position and the first detector to
allow all valves used to start a proving pass to fully close and seal and to allow the displacer to achieve
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a stable velocity. Provers should never be operated at more than the maximum rated velocity and
flowrate as the run-in length may prove inadequate. Operating above the maximum rating can also
cause hydraulic shock, leading to damage the prover and components when launching, decelerating and
capturing the displacer.

4.2

Sphere provers

4.2.1 General

Sphere or ball provers use a solid elastomer sphere for small diameters. More commonly a hollow,

infl

to b¢ compatible with the sphere and the duty. A sphere can travel around a bend while,m

seal
and

occypied by the prover.

The

thei
alon|

The

whigh it is intended to be used.

Mec
Eith

dete)
at ed
an iy

4.2.]
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loop|

Figulre 2.
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rombining lengths of straight pipe and bends forming a loop or loops. This minimizes t

b the pipe while making a seal with the pipe wall.

elastomer of the sphere is chosen to be compatible with£{lGids, products and tempe

dication of a detector malfunction.

. Unidirectional sphere provers

idirectional sphere prover uses'an elastomer sphere as a displacer which travels throy
in one direction only. The most usual form of unidirectional prover is shown diagram

quid chosen
hintaining a

to the pipe wall. This allows the prover measurement section of pipe to be constructed utilizing

he footprint

sphere is nominally chosen to match the internal diameter of the pipe. Assalid sphere hag a diameter
slightly larger than the pipe diameter. A hollow sphere is inflated to a centrolled diameter

larger than

hside diameter of the pipe. When introduced to the flow, the spheretyavels with minimdl resistance

rature with

hanically operated detector switches are used to signal the start and finish of a prjoving pass.
er one or two detectors may be placed at each end@f the measurement section. Only one pair (two
ctors) are required to establish one calibrated velume of a prover however the use of two detectors
ch end allows four volumes to be establishedThis is good practice as it provides redundancy and

gh the pipe
matically in
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Key

detector] 1(A)

detector] 2(C)

sphere displacer - passing through prover barrel

sphere displacer - passing through sphere handling valyve
rotating[sphere handling valve

closure
separatgr bars

alternatjve slide type sphere handling valve

VO O U W N

Flow.
Figure2 — Unidirectional sphere prover

The criticallcomponent ofastnidirectional sphere prover is the interchange, or sphere handling, vplve.
This is a mgchanism, valye'or assembly of valves which allows the sphere to be captured at the end of a
proving pags and then'transferred back to the upstream launch position. The interchange valve shiould
demonstrably prevent liquid leaking or by-passing between the prover inlet and outlet during a pass.
Flow through thesprover should be continuous and not significantly changed during the transfer of the

sphere. Thg opéeration of the valve should be such that, during a pass, it does not change the integface
inventory i.k the volume between the prover and the meterundertest

A run-in length of prover pipe is provided between the point of entry of the sphere and the first detector.
This length is chosen to ensure the interchange valve is fully closed, sealed and the flow is at a constant
velocity before the sphere reaches the first detector. For a unidirectional prover, a run-in length is only
required at the upstream end of the prover barrel. This allows a unidirectional prover to be shorter
than a bidirectional prover. A short length of pipe downstream allows the displacer to clear the detector
and potentially decelerate before being captured. The stability of the flowrate and the delay times of a
flowmeter should also be considered in the selection of run-in length.

A less common form of unidirectional prover interchange mechanism is used in a multiple sphere
prover. The short length of pipe linking upstream and downstream ends of the prover is designed to
hold two or three spheres. To initiate a proving pass, the foremost of the spheres is introduced into the
flowing stream while the remaining sphere(s) are mechanically held in place. These act as a seal against
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bypass flow. A sphere handling mechanism returns the sphere to the short holding section at the end
of a pass where it again forms a seal. The second sphere can then be introduced to the flow for the next
measurement.

4.2.3 Bidirectional sphere provers

A bidirectional sphere prover uses an elastomer sphere as a displacer, but in this case the sphere
shuttles back and forth along the length of the prover. Forward and reverse passes are made alternately,
with a proving run consisting of the sum of forward and reverse pass volumes, i.e. a round-trip volume.
A run always starts with a forward pass. The most usual form of bidirectional prover is shown
diagrammatically in Figure 3

©1S0 2022 - All rights reserved 13
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b) Reverse pass

Key
detectors A<D
sphere displacer

end chambers
home chamber with closure for sphere access
end chamber with flanged closure

four-way flow reversal valve

V0N U A W N

Flow direction- in and out.

o

Flow direction - forward.
¢ Flow direction - reverse.

Figure 3 — Bidirectional sphere prover
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A four-way valve is employed to enable the flow through the prover to be reversed while the flow
through the flow meter is continuous. This valve is usually a proprietary device however some small
provers use four linked valves for flow reversal. Flow through the inlet and outlet of the prover should
be continuous and not significantly changed during the operation of the valve.

The sphere rests in an end chamber. When the four-way valve is operated, the sphere is launched and
starts to travel on its forward pass until being received at the end of the pass. The flow is reversed
and the sphere launched for a return pass. After launch the sphere does not reach its full speed until
the movement of the valve is complete and sealed. One end chamber should be designated as the home
chamber and indicates the launch direction of a forward pass followed by the reverse pass from the
other end. The home chamber is normally fitted with a closure to allow removal of the sphere.

Aru
time
mea
run-

h-in length is chosen between the end chamber and the first detector to allow for thevaly
. A run-in length is provided at both ends of the barrel. End chamber design may in
hs of holding the sphere delaying launch until the four-way valve has turned; hence r
in length required. The stability of the flowrate and the delay times of a flawnieter shpuld also be
congidered in the selection of run-in length. The operation of the valve or theiretaining or lpunch rams
shoyld be such that, during a pass, they do not change the interface inventory;i.e. the voluine between
the prover and the meter under test.

e operating
corporate a
educing the

to indicate
hot be quite
tectors are
one in the
re possible.

As with the unidirectional prover, one or two detectors may be installed and designated|
the ¢nds of the calibrated section. The volume between sphere deteetors A and C, (V,_¢), is
the $ame as when the sphere travels between detector C and detector A, (V_,). If two d4
installed, two single pass volumes may be determined; onédn the forward direction and
revefrse direction. When two pairs (four) detectors are installed, eight single pass volumes 4
Comlparison of these results may be used for diagnostic information.

Itis
ie.t
as th
by ¢
infol

In ug
the 1

rommon practice for a bidirectional prover to define the calibrated volume as that for g
he sum of V,_-and V_,. The volumes may be ealibrated as one round trip or calibrated a
e sum of the two directional passes. There\are therefore one or four round trip volume
plibration. Again, comparison of results)from the different volumes may be used foj
mation.

e, itis customary to totalize the'sum of the pulses collected in each direction, (n,_¢) + (1
ound-trip pulse count (N) te.compare with the round-trip volume. Single pass totals

round trip,
hd reported
s measured

diagnostic

c.a), to give
may also be

recorded and in some circumstances compared with the single pass volumes and additiona
as s¢parate measurements.

ly reported

4.3 | Piston provers

4.3.1 General

Pist¢n provérs’have a piston as the displacer with high integrity seals to the pipe wall. The
is a ptraight length with a smooth, round cross section across the full operating length
sealing surface. Piston provers usually have the internal bore of the pipe honed and possibly have a
hard osive fluids
where an elastomer sphere potentially has unacceptable leakage or wear. They are also used for low
temperature applications where sphere elastomers or the liquid fill may be unsuitable

prover pipe
0 provide a

oIS TOrCITT Tt T TOTOoTT

As mechanical switches can damage piston seals, these should be carefully designed and specified.
Non-mechanical, high precision sensors are preferred. These include magnetic or inductance switches
mounted on or through the wall of the prover or optical switches fitted externally and activated by
a constraining rod, connected to the piston, projecting through a seal in the end of the pipe section.
Proprietary small volume provers are usually of piston prover design with external detectors.

Piston provers are normally found with diameters between 50 mm (2 inch) up to 500 mm (18 inch)
however can be of larger and smaller diameters.
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4.3.2 Unidirectional piston provers

The unidirectional piston prover has a forward measurement pass with the piston being returned to the
start position by retracing its path. Some means, mechanical, hydraulic, or electromagnetic, is provided
to enable the piston to be returned to its upstream launching position without interruption to the
continuous flow through the flowmeter being tested. This can be achieved by a valve within the piston
or an external valve arrangement allowing flow to bypass the prover during the piston retraction.

Unidirectional piston provers are normally manufactured as proprietary small volume provers and
these are discussed further in 5.4.

4.3.3 Bidirectional piston provers

A bidirectignal piston prover allows the piston to be shuttled back and forward though the) pipe by
reversing the flow. This flow reversal is accomplished by using a four-way valve, or four.individual
valves. In this way, proving passes can be made alternately in each direction to make up-a proving|run.
The flow repersal valves should be configured to allow the piston to be stopped at the'end of a run and
reversed without undue shock loading or interruption of the flow. As a bidirectional ‘piston prover has
a straight calibrated section, provers are usually quite long and have a larger footprint than equivalent
sphere proyers. This type of prover is shown diagrammatically in Figure 4.

3
T [ 1

Key

1  detectorfs

2 piston djsplacer
3 piston seals

a2 Flow.

o

Four-way flawréversal valve.

Figure 4 — Bidirectional piston prover

5 Operational classification of provers

5.1 General

The operational classification of a prover is based on the complex relationship between the calibrated
volume of the prover, the resolution of the meter output signal, the internal volume of the meter and the
meter time constants.

The relationship was first considered when twin-blade helical turbine meters were introduced as an
alternative to multi-bladed meters. Previous to that, it was required to collect at least 10 000 pulses in
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a proving pass, hence providing a pulse resolution of less than 0,01 %. The reduced pulse content from
fewer blades prevented this resolution from being achieved thereby increasing the repeatability of the
calibration. There was however, no evidence to show the meters were less repeatable in service.

This issue was addressed through the introduction of pulse interpolation which effectively increased
the resolution of the meter output during proving.

The introduction of small volume provers showed the limiting factor for satisfactory proving was not
only the resolution of the meter output, but also an ill-defined relationship between the internal meter
resolution and the volume of a proving pass. For a turbine or displacement meter, the internal resolution
is effectlvely the number of revolutions ofthe rotor prov1d1ng variation of pulse 1ntervals and additional

' i achievable
er by pulse
bm multiple

the internal
chosen and
'he internal
V-resolution
meapurements providing a single value which is then used to calculate the output frequengy. The time
congtant associated with this calculation and the update of the output frequency plays a signjificant part
in d¢fining the internal resolution. As a result, the volume cheSen for a prover used for the calibration
of thlese meters should recognize this limitation and it may et be compensated for solely by providing
multiple passes.

To apsist in defining the operation of a prover, three epérational classifications have been psed in this
docyment:

— fonventional prover;
— feduced volume prover;
— pmall volume prover.

The pmall volume prover classification usually, but not exclusively, applies to proprietary small volume
piston provers.

The lassifications relate(to, the combination of the prover and the meter being calibrated. Ajprover may
be operated as a conventional prover with one type and size of flowmeter, or as a reduceql volume or
small volume prover‘wihien combined with different meter size, resolution or type.

5.2 | Conventional prover

Conyentienal provers can be of unidirectional, bidirectional, sphere or piston designs. Theycan be used
to cglibrate any type of suitable flowmeter where a minimum of 10 000 pulses collected in @ pass. This
guidanee suggests they are generally sized to enable proving of multi-bladed turbine flowmeters where,
without enhancement, a minimum of 10 000 pulses is collected in a pass. The guidance to determine the
classification of a prover, for a particular duty, based on 10 000 pulses, should be adopted with care
where electronic type meters may allow output pulse frequencies to be selected.

As a guide, designers suggest a calibrated volume for a conventional prover to be no less than 18 s when
operating at maximum flowrate, i.e. half a percent of hourly flowrate. This is an indicative design guide
from past practice and not a definitive value. Significantly shorter times for a pass are possible when
all the design limitations of the prover equipment and the flowmeters are considered. These include
the maximum velocity allowed for the displacer, the four-way or interchange valve design, the run-in
length and the valve operating speed.
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The number of passes to be combined as a run for also plays a part when considering bidirectional
provers. Since a round-trip volume is used, i.e. two passes are averaged, some reduction in volume from
the above guidance may be possible. This does not however suggest the calibrated volume is halved.

5.3 Reduced volume prover

A reduced volume prover is designed as a conventional prover but is used where the meter output
(pulse) resolution requires, to be enhanced through pulse interpolation. A reduced volume prover is
used to prove low resolution output meters e.g. helical blade turbine meters. A reduced volume prover
may also be used to prove meters where the effective volume can be increased by averaging multiple

proving pa

5.4 Small volume prover
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tary small volume provers (SVPs) are usually unidirectional piston types and d
te with precision external detectors, associated electronics and control systems. T
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biston displacer

boppet valve

Hetector rod

hydraulic cylinder to return piston

bneumatic pressure to assist shutting poppet valve

spring to shut poppet valve.

bption; hydraulic-pneumatic system to return piston

bption; mechanical (chain orybelt), electro-magnetic or other means to return piston
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Flow.

o

Hydraulic flow to launch.

(s}

Hydraulic flow to retiirn.

Figure 5 — Unidirectional small volume prover with internal valve
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detectoifs

piston djsplacer

detectoif rod

hydraulic cylinder or mechanical (chain or belt), electro-magnetic or otherfieans to return piston

high intg¢grity by-pass valve

Flow.

Figure 6 — Unidirectional small volume prover with external valve

6.1 Gendral considerations

A prover sh

a)

b)

‘)
d)

e)

f)
g)
h)

j)
k)

20

Mobilit

puld be designed or specifiéd*with the following considerations.

y requirement for the application. Consider if the prover is to be mobile, transportab

located|in a permanent location.

The available space apd weight restrictions for a structure, ground conditions or transportatic

Means

Range

bf transporitation.

f flowrates and flowmeter types to be proved.

Physicdl Cproperties of the liquids, including viscosity, lubrication characteristics, corrd

proper
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e or

n.

sive

Operating conditions, including range of temperature, pressure and the allowable pressure loss.

Requirements for continuous flow through the prover or through a by-pass when not in service.

Environmental protection from extremes of temperature, wind, precipitation etc. The need for a

shelter,

burial or insulation.

The hazardous area classification.

Power supplies and utilities available at site including water for calibration.

Provisi

on for safe pressure relief, venting and drainage of liquids.
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Adequate and safe access to and around the prover.
Manifolds and connections to the meter(s) under test.

Extent of automation and connection to wider plant instrumentation as part of a measurement
system.

Space and access to allow access for lifting equipment for maintenance.

Equipment to facilitate calibration. This includes access for reference devices, means to extract
displacers and working at height requirements.

Manifolds and connections to allow access and installation of calibration equipment.

The requirement to calibrate the prover at significantly lower flowrates than thesnorm
Fange.

hl operating

Storage for spares, including switches, seals, spheres, and sphere inflation and mgasurement

Pquipment.

Prover barrel

The cross-sectional area of the launch or receive chamber should be such that, with
ocated within, it has sufficient unrestricted flow%area to avoid unacceptable presj
maximum flowrate.

F:nd chambers should be fitted with vents at the highest point to allow venting of air an
h safe manner. These are used during filling’and operation to ensure all gas is remov

a displacer
ure loss at

d vapour in
bd from the

prover. The vents should be demonstrably closed and leak tight during proving.
FEnd chambers should be fitted with-drains.

The receiving chambers of the prover should facilitate the deceleration, arrest and yetention of
the displacer with minimumthydraulic or mechanical shock and without damage to the displacer
Fhrough impact or vibration within the chamber.

Che launch chambershould be designed to provide a method of reliably launching the
hchieve required stable velocity in as short a time as practicable, while minimising hyd
hnd flowrate disturbance. This may involve mechanical or hydraulic arrangements.

displacer to
Faulic shock

Dne chamber may be designated as the home chamber where the displacer can be irstalled and
Fetrieved-The home chamber can be fitted with a hinged quick release closure to allgw access to
the displacer. The other launch chamber would normally be closed with a bolted flanged closure to
hllow'\access if required. Some provers may have access from both end chambers.

lUViD;Ull ohuu}d bC 1uadc tU 1ctaiu thc DPhClC vV ;thlll thC hUlllC \.haulbcx Cllld tU Plcvent lt being
sucked back into the prover barrel during drain down. This is especially relevant to provers with
inclined or vertical end chambers. Such provision may be in the form of drain points both above
and below the displacer when it is in the end chamber. The drain allows the sphere to be exposed
for extraction prior to the draining the rest of the prover.

To avoid the chance of a significant risk to operators, safety interlocks, vents and a means to ensure
depressurisation before opening are strongly recommended for both chambers. This is particularly
important for the home chamber. Releasing an end chamber closure where there remains residual
pressure above or below the displacer provides a potentially fatal safety risk.
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6.2.2 Run-in length

Arun-in length is provided at one end of a unidirectional prover and both ends of a bidirectional prover.
Sufficient length of pipe upstream of the first detector is necessary to ensure that:

a) All valves that can affect the integrity of the proving operation are either fully open, or closed
and sealed, before the first detector is actuated. The run-in length can be reduced by employing
mechanical means of restraining the displacer until all valve movements are complete prior to
launch.

b) Before reachmg the f1rst detector the dlsplacer is movmg at a constant Veloc1ty As a dlsplacer is
launchedthe S 7 i 2 - all.
This is psually observed asa sudden drop in flowrate followed by a recovery toa margmallyl wer
flowrate than before launch.

c) The flgwmeter has responded to a change in flowrate and is stable before the first detector
is actiyated. While turbine and displacement meters respond quickly, the output pulses from
electrohic based meters may lag behind a change in flowrate.

6.2.3 Prdver pipe or barrel
a) The caljbrated volume should be sized as recommended in 6.4.

b) The calibrated section of the prover barrel should be free of conhections such as vents, draind and
pressure relief valves. In those instances where a vent or drain is necessary within the calibrfated
length, [it should be of such small diameter that a leak path aréund the displacer is not formed|as it
passes.

c) Where [connections are fitted to any location on the-prover barrel, care should be taken to enjsure
the inslde bore of the barrel has no intrusions, shdrp edges or changes in ovality due to welding
stress.

d) The bafrel is manufactured to ensure the dnternal diameter is round and to avoid ovality. This is
most important in the selection or manufacture of long radius bends or elbows.

e) Flange junions located in the calibration section should be specially designed so that both flapges
are of pqual inside diameter ard)have concentric alignment of internal bores achieved dyring
installgtion. When connected there should be no step or groove.

f) A means of leak detection“should be provided associated with for all critical connections, e.g.[vent
and drdin points and seabverification. It should be possible to inspect any flanges or joints and this
may require removable/sections of insulation or inspection pits.

6.2.4 Internal finish

The prover parrel may be 11ned or unllned dependlng on the materlal the properties ofthe flulds which
may enter the :

a) enhance the seal between the displacer and pipe wall, hence minimizing the leakage of liquid past
the displacer;

b) reduce friction between the displacer and the pipe wall;

c) provide a surface resistant to corrosion, abrasion and erosion from the fluids to be used and the
displacer contact.

The fluids to be used should be considered. These should include the fluids used in operating, calibrating
and cleaning the prover, as well as the atmosphere when empty. Potential changes for future service
should be considered.
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Unlined provers are normally made of stainless steel and the bore machined to provide a smooth finish.
Piston provers may have a further machined finish by honing.

Linings are commonly applied to carbon steel pipe and are usually of epoxy, or phenolic material.
Alternatively, particularly for piston provers, the lining may be a plating of chrome, or nickel. Most
small volume piston provers have a hard metal (chrome) lining.

Care should be exercised in the choice of non-metallic linings since not all resist aromatic hydrocarbons,

and some can become thermoplastic (soften and change thickness) at elevated temperatures.

6.3

A pr
cylix

Proprietary small volume piston provers

oprietary small volume piston (SVP) prover has a piston running inside an accuratel
der or pipe. Two designs are illustrated in Figures 5 and 6. The movement of the\pistor]

the location of detectors, is by means of a measurement constraining rod connected to the

exte
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emp
lined
Mos
seco
end
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Loc3
exte
The
dry
tob
tran

The
rath
the

er. Typically, this separate detector rod carries flags to trigger detectorslocated at fixg
ating the location of the piston and triggering the measurement. Optical detectors
oyed, however alternative precision detectors such as proximity switches can be used
r velocity displacement transducers (LVDTs) can be used to monitor the position of]
- designs have three fixed detectors. One indicates the piston is at the upstream pisto
nd and third are measurement detectors. The third also provides the control signal t
pof a pass and trigger a piston return. Alternative designs\gmay use a single detector o
training shaft rather than a separate detector rod.

ting the detectors external to the cylinder allows,precision electronic detectors to b
nal rod and detector assembly should be enclogéd to provide mechanical protection a
enclosure should also provide environmentalprotection. Some designs purge the enc
bas to provide control of temperature and;prevent condensation or icing. The enclosur
e removed to allow observation of the movement and approach to detectors during cg
sparent enclosure, permanent or temporary, may be considered.

distance between detectors, henee the prover volume, is affected by the ambient t
br than the fluid temperature within the prover. This is a function of the materials used
etectors. To reduce the effect, some designs separate the detectors by low expansior

materials such as Invar. Locdting the detectors externally requires the temperature of 4
assebly to be measured.\Volume correction to standard conditions is derived from
expdnsion of the materials associated with the detector mounting combined with the area c

the

All ¢
at th
valv
actu
whe

rover barrel.

urrent designs.of proprietary small volume piston provers are unidirectional. Flow i
e end of a‘pass by opening a by-pass valve located externally or by opening a concer]
b located in the piston assembly, the latter being the most common approach. A c
ptiongshaft connected to the poppet valve and piston is extended through the end of

ly machined

|, and hence
piston and

hding out through one end of the cylinder. In most designs, this rod is on the/upstreanp side of the

bd positions
are usually
Potentially
the piston.
n, while the
b detect the
- utilize the

e used. The
nd stability.
losure with
e may need
libration. A

emperature
to position
coefficient
he external
the linear
prrection of

5 continued
tric poppet
onstraining
the prover

e asmechanism opens the valve allowing flow to pass through the piston. This allow

5 the piston

to be drawn back to an upstream position. It also provides the means to close and seal thie valve in a

controlled way hence launching the piston.

Mechanisms to control the piston and draw it back to the launch position may be mechanical (chain or
belt driven by a motor), hydraulic or electromagnetic. With a hydraulic mechanism, the external shaft
is connected to a hydraulic cylinder. Hydraulic pressure is applied to one side of which pulls the shaft
backword, opening the poppet valve and pulling the piston to the start position. Pneumatic pressure
may be applied to the upstream side of this hydraulic cylinder to apply a positive force to close and
maintain the poppet valve closed when launched. This force may be set to also overcome the frictional
resistance of the piston. This also reduces the change in flowrate when the piston is launched. The
effect of this may be observed by the extent by which the flowrate may rise or fall when the piston
is launched and is dependent on the pressure applied. This force may be adjusted in such a way as to
reduce pressure loss across the piston which also reduces potential leakage. The force applied should
however ensure the closure and sealing of the internal valve is not compromised.
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Some designs may have a guide shaft extending from the other side of the piston to balance and stabilize
the movement.

The volume occupied by constraining rod and shaft changes the volume within the calibrated
section such that the volume displaced upstream and downstream of the piston is different. Where
a downstream shaft is fitted, this reduces this difference and some designs ensure upstream and
downstream rod and shaft volumes displace the same volume.

The presence of a rod and shaft along with the operation and displacement of the poppet valve and
seals, leads to different upstream and downstream volumes for the prover. For this reason, SVPs are
usually installed upstream of the flowmeter being proved hence utilizing the volume downstream of

the piston.

The deternmpination of the upstream volume is difficult and requires significant skill and dét

procedures
the prover

piston. Alte
is applied t
inletto are
used when
seals adopt

Upstream vj
with the dij

to be developed and followed. This would require a liquid (water) to be introduced
butlet from a volumetric measure. This would not provide sufficient pressureto drivg
rnatively, the internal valve can be held closed and a return sequence initiated. Pres|

the inlet, driving the piston to an upstream position and displacing fluid from the pr
ference measure. In this scenario, detectors are triggered from the gpposite edge from
the piston is travelling in the forward direction. It should also be-ensured that the ¥
the same compression and hence displacement as they would in‘a forward stroke.

plume may also be derived from measuring the diameter of-the external shaft and rod 4
tance between the detectors. The resultant shaft and rdd volumes can be subtracted

the calibratf
thermal ex

ed downstream volume. The volume of the rods should be corrected for the volum
nsion of the material, both in diameter and length,based on the fluid temperature.
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ter meter method of calibration does not”provide the adequate uncertainty norn
n SVP is calibrated and proved by waterydraw either gravimetrically or using a dedid
measure designed to match the prover volume.

e for testing the internal valve(for leakage should be prepared and followed. This tg
static test. Observation of the proving results is particularly important to ensure any
rom the internal valve is detected during service. One method of dynamic leak dete

during calihration of the SVP is to perform calibrations at different flowrates. It is noted that lea

not detecte
particularly

To provide
on the outlg
flowmeters
the envelop|
The effect ¢
remaining 9

1 by a static test has been observed to occur when the prover is in use. This has been n|
when higher viscosity fluids provide increased resistance to the internal valve closing

h mobile calibration system, an SVP may have a suitable flowmeter permanently inst
or large-pipe provers. The meter is usually installed downstream of the SVP and w

f thisds minimized by installing a flow straightener to reduce installation effects and
ystematic errors should be insignificant as the meter is calibrated and used in situ.

nally
ated

st is
sign
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kage
oted

hlled

t from the ptover as a master meter. This combination may be used to calibrate operatijonal

thin

e of the'SVP package. This may provide significant flow disturbance upstream of the mleter.

any

6.4 Sizin

g of provers

6.4.1 General

The size of a prover depends upon its intended application and its type as classified in Clauses 4 and 5.
The size is determined by the following factors:

a)

generated by the meters to be proved.).

b)

the internal averaging times of an electronic type meter).

24

The output resolution of the meters to be proved (minimum number of pulses per unit volume

The internal resolution of the meters to be proved (number of revolutions of a mechanical meter or

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9244a328336c7caef3e26410bf41ec9f

IS0 7278-2:2022(E)

c¢) The maximum and minimum flowrate to pass through the prover and the meters to be proved.
d) The linear resolution of the displacer detectors.

e) The maximum tolerable pressure loss.

f) The maximum and minimum velocity of the displacer.

g) The viscosity and vapour pressure of the fluid.

h) Operation timing of the four-way valve in a bidirectional prover or the interchange valve of a
unidirectional prover to determine run-in length required.

i) [The response time of the flowmeter to ensure adequate the run-in length to allow the meter to
[eflect and recover from any change in flowrate or disturbance after launch.

Thege factors influence the prover design parameters. Further guidance is given,in Annex B.

6.4.2 Calibrated volume

One|of the factors which influences the choice of calibrated volumé-is the resolution of the meter
pulse counting system. The resolution of a digital counter is unity. Aicounter can only indidate a whole
numlper of pulses therefore the totalised number of pulses has a random uncertainty of +] pulse. It is
therpfore recommended to limit the uncertainty of +1 pulse to@ value which may be considdred. To give
an upcertainty of £0,01 %, at least 10 000 pulses should be collected during a proving pass. Formula (1)
represents the degree of uncertainty as follows:

lr = l (1)
n

whele

. is the uncertainty due to the resolution of the pulse count arising from this sourcefalone, com-
monly called the discrimination error;

h  is the number of pulses«collected during a proving pass.

The minimum volume between detectors is determined by Formula (2) as follows:

1

//min= —— (2)
Ur X Kmin
whele
V min Sis'the minimum volume between prover detectors;
[~ isthe minimum K-factor (number of counts per unit volume) of any meter proved.

......

It follows that the required prover volume in relation to the output resolution of the meters can be
reduced by increasing the pulse generation rate of the meters. Electronic means of pulse interpolation
can be used and are described in Clause 8.

Increasing output resolution by electronic or mechanical means has a limitation. The internal resolution
of the meter and the stability of the output frequency should be considered, as do the minimum number
of revolutions of the meter or the internal averaging and time constant of an electronically based meter.

6.4.3 Length between detectors

The resolution of the prover detectors in terms of distance provides a second design criteria. The length
of the calibrated section is dependent on the resolution, ry, of the detectors. This is the resolution in the
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linear distance of the detector as it is activated by the displacer (or external flag). The relationship
between the minimum length, L, and ry is obtained as indicated in Figure 7.

- L g
| I L- (f‘dz + fda) N |
I a1 a2 I‘ 'I 43 Tds I
I I I I
| 1 | | |
| | | 1 |
| | | |
T T T T
| L - (g + rau) _
= !
Figure 7 — Length between detectors
It is noted that ry may normally be considered as a single value, however Figure 7 shows that it cgn be
different fof each detector and for a particular direction of travel of the displacer.
From this diagram, the maximum possible difference in length due to the reselution of the detegtors
is 4ry. Hence, to meet an acceptance criterion of repeatability of 0,02 %, the minimum length betyeen
detectors fqr a range is obtained from Formula (3):
g
Lmin:——2x100:20 000r4 (3)
The value of ry for each particular detector should be obtained from the manufacturer. It is noted|that
commercial detectors of the mechanical piston type can have a resolution of 1 mm to 5 mm in any one
direction. The resolution can be a combination of insertion depth and shape, vertical travel and the
resolution df the electrical switch. External optical switches on a small volume prover have a resolytion
of between 0,1 mm to 0,001 mm.
NOTE The above simplified method yields aswoftst case value for L,,;,. When the probable length variation
is expressed| in statistical terms, the prover repéatability is based, not on the arithmetic sum of the detgctor
resolution, but on the use of the root sum square method.
6.4.4 Diameter and Velocity
Having derjved a design voluim¢ and a minimum length, the prover diameter, D, is calculated from
Formula (4]):
D=+/4Y /=L 4)
The diametpr calculated should be rounded up to the nearest standard pipe size.
From the egtimated volume and diameter, the displacer velocity is now considered to determing the

flowrate range which required. The velocities associated with minimum and maximum flowrates,
should allow for a smooth travel of the displacer without judder or leakage and is discussed further in
6.6.

6.4.5 Pressure loss

The prover constitutes a source of pressure loss to the system and should be considered in the overall
metering system design. Constraints may be imposed on the maximum tolerable pressure loss in the
prover, which may further influence the sizing calculations in addition to the parameters set out in 6.1
to 6.3.

Pressure loss can be calculated from standard methods, taking into account the pipe diameter and

length, connecting pipe diameters and lengths and making allowances for bends and connections.
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Pressure loss through end chambers and valves may also be significant. When computing this initial
pressure loss, the loss due to the displacer friction should be estimated and added to the hydraulic

losses.

It is noted pressure loss may be significantly greater during a pass.

6.5

Displacers

6.5.1 General

The

ncign ofthe prover dicp]nrnr issuch that:

a)
b)

d)

6.5.2

Proy
the

emp
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frict

Sphd
be s
pres|
larg

Sphd
fron
wate

The

There is no leakage of the liquid past the displacer as it traverses the calibrated seetion

Friction between the displacer and the bore is low enough to ensure smooth judder]
hcross the full flowrate range and at the much lower velocities associated with calibrati
hould be low enough to avoid wear or damage to the displacer, seals andpipe bore.

femperature range. Polyurethane, polychloroprene (neoprene),.nitrile or rubber-flu
materials are the most commonly used materials. Other materijdls may be used provid
can be shown to be suitable for the service requirements. Many rubber-based material
with exposure to light hydrocarbons resulting in the displacer becoming jammed withij
barrel.

[he design and materials should not wear, damage or score the prover lining. For pist(
bf damage to the prover lining in event of a pistomseal failure should be recognized.

. Spheres

er spheres are usually manufactured<frfom an oil resistant elastomer with polyuret
most common. Nitrile, polychloroprene (neoprene) and rubber-fluoropolymer materi
oyed with the material chosen to siiit the fluid. Spheres are made available with differg
batibility and shore hardness- (durometer) chosen to suit the fluid viscosity, lubrici
ion. Some materials have low\friction additives in the compound to reduce wear.

plid but are almost ekclusively hollow for larger provers. A hollow sphere has the centj
surized with liquidZThis allows the sphere to be inflated in a controlled manner to
b1 than the provetpipe bore.

res are normially inflated using a hand pump and an appropriate liquid. All air should
the interior of the sphere during the inflation process. The liquid chosen is normally v
r/glycol mixture used when the operating temperature is potentially sub-zero.

-free travel
on. Friction

The displacer and seals should be compatible with the liquids beifig)metered and thle operating

propolymer
bd that they
s may swell
h the prover

ns, the risk

hane being
hls are also
ent material
'y and wall

res are either one-piece mouldings or manufactured in two halves joined with a seain. They can

e filled and
a diameter

be removed
vater with a

be adjusted

5ize and degree of inflation is recommended by the manufacturer of the prover and may

as necessary to suit the duty or for calibration. Both the inflated and un-inilated diameter should
be recorded and stated on the prover calibration certificate. Inflated sphere diameters are typically
between 2 % to 4 % oversize from the prover internal diameter chosen to suit the prover, the sphere
material and the fluid. Sphere inflation higher than 5 % may be required for larger sizes of prover.

Spare spheres should be stored un-inflated in cool dark conditions where possible. They should be
stored in such a way as to be fully supported and avoid developing a flat on the surface. Nets and sand
beds are usually employed with protection to avoid the net or sand marking or embedding into the
surface. As an elastomer can degrade with time and storage conditions, the date of manufacture and
any use-by date should be documented.

The correct inflation kit should be made available and stored for use with the prover. As spheres are
difficult to handle, and can be extremely heavy in larger sizes, a specialist tool to extract and handle the
sphere should be available.
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A means to verify the diameter of the sphere should be available. The use of a calibrated steel
circumference tape measure is the preferred method. The diameter is calculated from the measurement
of circumference. All measurements of diameter are taken with the tape in a vertical orientation. To
achieve this, the tape is placed around the chosen equator of the sphere and the sphere rotated until the
tape is vertical and then pulled tight. The supporting surface for the sphere should be chosen with care
to ensure the sphere and tape are not damaged during the measurement process. It is noted that very
large spheres may distort under their own weight and measurement procedures and methods should
take account of this.

The sphere is measured several times across a number of diameters in order to identify any ovality in
the sphere. Once diameter and ovality are established as being satisfactory the final reported diameter
is the smallpst of the diameters measured.

Callipers and diameter rings can be used to provide a validation that the sphere is not pwval“and to

provide a rgugh guide to confirm the size of the sphere.

ents

The sphere
alone.

When initid
for leakage
reduced to

should be inspected for bulges, flats or surface defects not shown by diametficmeasurem

lly sizing or inspecting a sphere, it is good practice to over-inflate’ the sphere to c
of fluid from the inflation (Schrader) valve, the seam or the body: The sphere can the
the correct inflation size by letting water out of the valve. The sphere is held with the ¥

heck
n be
alve

in a vertical position thereby ensuring there is no air left in the sphere:

When orde
prover insid
so they can
ensure mat

Fing a new or replacement sphere, the manufacturerishould be provided with both the
e diameter and the inflation size diameter, or the peteentage of the oversize value requjred,
provide a sphere of the optimum size as well asématching to the fluid and conditions to
brial compatibility.

6.5.3
a)

Pistons

nt all
eals

The desgign should be such that the seal integrity prevails throughout the proving operation 3
velocities and flow conditions. This requirerent applies to the piston diameter seals and any ¢

in interjnal valves and fittings.

b) The length and bearing surfaces-of-the piston should ensure smooth, judder-free travel with the
face of fhe piston maintained at right angles to the direction of travel. The use of slide and wiper
rings may facilitate this.

c) The degign should ensureiintegrity during controlled acceleration, deceleration and arrest.

6.6 Displacer Velocity

6.6.1 General

The manuf'[cturer should specify the velocity range within the prover. This may vary for diffdrent
fluids and the displacer materials chosen. The figures given below are for guidance only and may vary
significantly from a prover in service. A check should be made to ensure that the following criteria are
observed over the operating flow range.

6.6.2 Minimum velocity

a) The minimum velocity is chosen to ensure smooth movement of the displacer and is particularly
critical in highly compressible fluids or those with poor lubrication properties.

b) The minimum velocity should not adversely affect detector response.

c) The time for a pass at minimum flowrates should not be excessive, however it should encompass
the velocities used for calibration as well as the lowest operating flowrates.
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d) Itis generally recognized that for conventional sphere provers, a minimum operational velocity of
around 0,15 m/s (0,5 ft/s) may be achievable assuming fluids have lubricating properties.

6.6.3 Maximum velocity

a) The maximum velocity should be below that which creates hydraulic shock, or damage to the
displacer or the detection devices. This is particularly important for larger provers where the
inertia of a displacer is significant. There is also significant inertia in the flowing liquid when it is
brought to a stop and then reversed within a bi-directional prover.

b) The maximum velocity should allow for both mechanical and electronic speed of operation of
the detectors and detector response times relative to the calibrated length of the prover. The
potential for detector switch bounce due to noise, impact or pressure wave transmissign should be
Fecognized.

c) [Chere should be no leakage at maximum velocity, particularly at bends, whepe‘frictional forces may
be greatest.

d) [[he maximum velocity is chosen to allow for the operating time of theflow reversal or interchange
valve and the run-in length chosen for the prover and associated flewmeters.

e) [onsideration of the volumetric flowrate and potential pressure-loss or onset of cavitation/flashing
within the prover system.

f) [tis noted that some standards recommend a maximuin velocity of 3 m/s (10 ft/s) for cpnventional
hnidirectional sphere provers. This figure is derived from experience and consideration of the
equipment normally used in construction, and should be considered guidance rather than a rule.
The maximum velocity of between 1,5 m/s (5 ft/s) to 2,5 m/s (8 ft/s) has been recommended for
ronventional bidirectional sphere provers toiaccount for the inertia of the fluid when changing
Hirection and the operation of the four-way valve. Conventional piston provers have a further
reduced velocity recommendation of between 1 m/s and 1,5 m/s (3 ft/s and 5 ft/s) to allow for the
nertia of stopping a solid piston at the énd of a pass. Proprietary small volume piston provers may
have significantly higher velocities.as specified by the manufacturer.

6.7 | Detectors
The fesolution of the detectors directly affects the size of the prover.
Detdctors should have anyexpected resolution of not greater than 0,005 % of the calibrated |ength.

Detqctors actuated directly by the displacer are usually mechanical devices intruding intg the prover
barrel. The moyément when impacted by the displacer actuating an electrical switch located external
to tHe proverbarrel. Various types of electrical switch are employed to detect and signal the operation
of a| mechanical detector. These include mechanically actuated micro-switches, reed-gwitches or
remgte,sensing by proximity, magnetic, inductive, or optical means. Small volume piston pyovers have
detectoys actuated from a constraining rod connected to the displacer and located externally. External
detecToTs are usually actuated by The passage of a fiag througih an optical Switch, Towever alternative
switch types may be used.

The most common type of mechanical detector used with sphere provers employs a steel plunger with
a hemispherical end, which projects through the wall of the pipe by about a centimetre. When the
displacer makes contact with the plunger, it forces it outwards against the action of a spring until it is
flush with the inside of the pipe wall. At some predetermined point in its travel, the plunger operates an
electrical switch, which may be either a micro-switch or a magnetic switch.

The detector plunger should have a specified insertion depth and position for the actuation of the
switch given by the manufacturer. A change in insertion depth or switch actuation position results in
a changed actuation point hence a change in calibrated volume. Switches should be locked and sealed
after installation or adjustment.
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Detectors provide the signal to initiate the proving measurements by gating the pulse counters and
also provide signals to actuate control of the proving operation.

On operation, and at all velocities, the switch should operate cleanly with no switch bounce. This may
result in a false signal triggering events or counters. The use of de-bounce circuits may be employed
however these should accurately reflect the switch operation and not introduce delay.

Although provers operate satisfactorily with only one detector at each end of the calibrated length, it
is recommended that conventional provers are fitted with two detectors at each end. This provides a
safeguard and a check against the malfunctioning of a detector. This is explained further in Annex E.

When selecging-detectorsthefelowinasteatnresshowld-beconsidered:

a) theresglution, ry, and repeatability in each direction (see Clauses 5 and 6);

b) temperpture stability of both the detectors and the associated mountings;

c) robustipess of construction;

d) sensitiyity to mechanical, magnetic, electrical or optical interference;

e) long-tefm reliability and stability of performance;

f) ability fo be removed and replaced or adjusted with minimal change(to the actuating position;
g) compatlibility with the pulse counter gating circuitry;

h) requirgment to flush a mechanical detector to remove debris or wax deposits;

i) requirgment to avoid condensation or temperatureiaffecting the operation of external switch
enclosyres.

Any replacgment or adjustment of a detector shoudd be recorded in the prover log book and rec¢rds.
Unless spedific and proven procedures are in place, any replacement or adjustment of a detector shiould
be followed|by a calibration to establish a new:calibrated volume.

6.8 Prover valves

Any valve sltuated between the prover and the meter under test or between the prover and a refergnce
device used for its calibration, i§ deemed to be a critical valve. Any leakage or passing product wjould
affect (invalidate) the results:€ritical valves should be of a double block and bleed design, fitted wjith a
means of vdrifying leakage-ofelse a standard valve fitted with some other means of leak detection|(e.g.
a blind on the downstreamside).

a) A four-pvay valve should have switches or indicators to ensure it is fully rotated and seated. [This
ensure$ the valve is shown to be sealed before the sphere reaches the first detector switch.

NOTE It is customary to automatically abort a prove pass if the detector switch is reached beforf the
valve is fatty seated:

b) A means to ensure a four-way valve is leak tight, when seated, should be provided. Block-and-
bleed systems that employ differential pressure as an indication of leakage may be operated either
manually or automatically and should be regularly maintained.

c) A combination of four separate valves may be used rather than a proprietary four-way valve and
should be designed to ensure the same performance as described for the four-way valve.

d) Flow control valves in the system should be of a quick-acting type and be capable of automatic
operation.

e) Valves should be sized to avoid excessive pressure drop and to prevent cavitation.
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On unidirectional piston provers, the valves used to initiate the proving operation may be internal or
external to the prover and should have a means or procedure for checking piston seal integrity.

On unidirectional sphere provers, an interchange valve or mechanism may comprise any of the
following typical arrangements:

a) asphere-handling ball valve;
b) asphere-handling plunger-type valve;

c) various combinations of ball and/or gate valves;

d) p two-sphere or three-sphere assembly, which employs the passive spheres acting as [the by-pass
seal.

If automatic seal leak detection is not fitted, there should be a manual means of checking sepl integrity.

6.9 | Additional design considerations
Further items for consideration when designing or installing a prover are given below.

a) [The availability of space may affect the configuration of the proyer pipe. In confined spdces a folded
oop (scorpion) design may be necessary. Where provers are<f afolded loop design, the pend radius
n relation to the prover barrel diameter should be considered to ensure leak free apnd minimal
friction when the sphere passes.

b) Large provers may be manufactured and assembled-in sections and, in such cases, some means
pf accurate alignment of the sections ensured. Male to female flanges with spigots ahd metal to
metal seating using “O ring” seals provide positive axial and longitudinal alignment. Welded joins
Lo pipe sections should provide a smooth internal surface with no internal intrusions, rfaised edges
br hollows.

c) WAdequate support and foundations ‘to. maintain the alignment of the prover when b¢th full and
empty. These should be stable oyver:time and account for changing ground conditions fe.g. frost or
water saturation.

d) [femperature and pressure-measurement should be provided as detailed in Clause 7.

e) [alibration connectionsshould be provided to meet the requirements of Clause 11. Where a master
eter is to be usedforcalibration using the process liquid, the additional pressure loss{imposed by
the calibration systém should be taken into account.

f) Adequate space’to install calibration equipment.

g) Weldingshould conform to appropriate welding and pressure standards.

h) [he\témperature and pressure rating of the prover pipework. Relevant National or industry codes
should be considered. rl

i) Provision for safe draining and venting of the prover and pipework with due regard to the
environment and explosive gas release. There should be positive indication that there is no leakage
from drains and vents during prover operations

j)  Provision to provide pressure relief to any part of the prover or valve assemblies which may be
isolated and sealed. Thermal expansion of trapped liquid may overpressure the pipework.

k) The position and size of calibration connections should be considered, for example if the initial
factory calibration is by water-draw, the calibration connections may be small and connect to both
upstream and downstream ends of the prover. If the onsite calibrations are to be by master meter,
the calibration connections (along with any critical valves) are installed at only one end, usually
downstream.
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Alternative

7 Ancill

7.1 Over

designs and operations of pipe provers are given in Annex G.

ary equipment

view of temperature and pressure measurement

To account for thermal and pressure expansion of both the fluid and the materials of construction,
accurate temperature and pressure measurements are required. These allow the correction of the
prover volume at measurement conditions to and from standard conditions. These measurements also
allow the correction for fluid thermal and pressure expansion between the prover, a reference device
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Temperature should be measured where it best reflects the temperature of the flowing fluid in
both normal operations and during a prover calibration. The immersion depth within the flowing
fluid of both the thermowell, and the probe within it, should be adequate. Location of thermometers
should be such that the prover wall temperature and the fluid temperature can be assumed to be
the same.

As the prover barrel temperature is normally assumed to be the same as that of the fluid, insulation
and/or protection from ambient conditions of wind, rain and sun should be considered for the
prover barrel. Consideration should be given to lagging or insulating thermometer heads and the
pipework adjacent them to reduce the effect of ambient conditions.

Thermometer probes should be a tight fit to the thermowell and the well filled with conducting
fluid or paste.
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e) The potential for self-heating of resistance thermometers when the flow is very low during
calibration should be recognized.

f) Sufficient wiring should be provided to allow the removal of an installed probe from the thermowell
and repositioning in a calibration block or container without disconnection.

g) Test thermowells may be installed adjacent to the measurement locations to allow installation of
a reference thermometer for verification. These only provide accurate verification when there is
significant flow passing the thermowells.

h) The temperature measurement system mcludes the probe p0551b1y a local transmitter, the
acou sate-the-effectof-environmen tora four-wire
"onnectlon should be employed between the probe and the readout or temperature trahsmitter.

i) For fiscal applications the temperature measurement system is normally expécted to have a
Fesolution no greater than of 0,1 °C and be expected to measure temperature-with ap expanded
incertainty of no greater than 0,3 °C. This expectation ensures an uncertainty in C; and C to be
hot more than 0,000 1.

7.3 | Pressure measurement

a) Pressure should be measured where it best reflects the pressure of the flowing flyid for both
hormal operation and a prover calibration. Pressure should-be measured as close as|possible to
the inlet and outlet of the prover barrel and measured in pipework with, ideally, the $ame cross-
sectional diameter. This ensures the velocity/head (pressure) is equivalent.

b) Pressure tappings should have clean sharp edge.atthe entry to the pipe bore without any intrusion
nto the flow.

c) Pressure transmitters or gauges should bedocated as close to the pressure tappings|as possible
hnd suitably mounted and protected against vibration and environmental changes. Enyironmental
protection through sun shading and temperature-controlled enclosures should be |considered.
Cappings and impulse lines should Be routed to avoid collection of air or debris.

d) [solation and vent valves should be provided to ensure that transmitters can be calibrated, verified
br changed without risk of injury to the operator or release of fluid.

e) Where pressure is measured by transmitters without local indication, additional pressure gauges
hould also be provided to clearly indicate the pressure locally.

f) [The pressure tramsmitters or gauges should be chosen to provide adequate uncertdinty in the
correction factors C,  and C;. A resolution of no greater than 10 000 Pa (0,1 bar) and an expanded
incertaintyef no greater than 5 000 Pa (0,5 bar) is recommended.

7.4 | Calibration connections

Contections to the prover should be provided to allow for calibration The connections required
depend on the size and type of prover and also the calibration technique to be used. Connections and
interconnecting pipework should be as short as practically possible and sized to allow adequate flow
for the calibration. They should be isolated when not in use by using blank flanges, spades, or valves.

For safety considerations blank flanges or spades should be fitted with an associated valve to allow
release of pressure and venting before removal.

For calibration methods involving closed systems, there should be a means of positive isolation, e.g.
block-and-bleed valve or spade, between the calibration connections. For open tank systems, a positive
means of isolating the prover from the rest of the metering system should be provided, e.g. blank
flanges, spades, or block-and-bleed valves.

Calibration connections should be positioned to ensure flow passes temperature and pressure tappings
of the prover or that alternative instrument tappings are provided.
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7.5 System control

The prover data collection and processing equipment may consist simply of a pulse counter trigg

ered

from the detectors to record the meter pulses, with the operator manually controlling the operation

of the prover and recording temperature pressure and time measurements. Calculations woul

d be

carried out manually. Alternatively, microprocessor techniques allow for fully automatic proving runs

and calculations, including pulse interpolation (see Clause 8). Automatic control may be provided

by a

standalone controller for the prover, or as a separate program within a flow computer or measurement

system.

It would be expected that the control system would record the number of meter pulses for each

pass

and the timf taken for each pass. Measurements of temperature and pressure should be taken as dften

as is requirgd to obtain a representative value during each pass. This may depend on the stability
flowing conditions.

The pulse ¢ounter should have a frequency response and input trigger level suitable for the n
under test. [It is normal practice to amplify a meter output locally to provide a clean’ §quare wave
constant amplitude for transmission to the pulse counter. This ensures correct triggéring is achig
The countey should have a response to accommodate the frequency range and ptilse shape of the n
to be calibrpted. It is advised to use low pass filters and to avoid a counter with too high a frequ
capability. This reduces the potential for noise pick up.

8 Pulselinterpolation

Pulse interpolation is the process of increasing the resolution<of a pulse count by electronic mg
Three puls¢ interpolation methods are recognized in 1S0.7278-3[¢l, double chronometry, quady
chronometyy and pulse multiplication.

Double chrgnometry is the most commonly used method to determine the number of pulses, wit]
estimate offthe fractional part of a pulse, collected between detector actuations. This method emp
one pulse cpunter and two timers. The number of pulses is as shown in Formula (5):

, t
N'=N|}%
ty
where

N’ i$ the number of pulsesincluding the decimal fraction of a pulse interpolated from the time
N i$ the whole nuinber of meter pulses accumulated between actuations of the detector swit
ty i$ the timemumber of high-frequency timer clock pulses) accumulated between the first
pulse afterthe first detector signal and the first meter pulse after the last detector signa
ty i$ the time (number of high-frequency timer clock pulses) accumulated between actuatio

the
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These methods are described, along with more details of the uncertainty and design considerations in

Annex F.

9 Installation
9.1 Mechanical installation

9.1.1 General

Two schematic diagrams showing provers installed in flow systems are given in Figures 8 and 9.
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Eigure 8 — Single meter installation
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When instajling a proveyx; the following should be considered.

a)

b)
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Figure 9 — Multiple meter station installation

The temperature/and pressure rating of the materials and components comprising the proving
system|should-conform to the relevant codes and all materials be compatible with the prdcess
fluids. Partieular care is required when handling sour and corrosive liquids and liquefied gase$.

By preference, conventional provers should be installed downstream of the meters being proved.
This reduces interaction between the prover and the meter. Proprietary small volume piston
provers are usually installed upstream of the meter under test as the calibrated volume is
downstream of the displacer.

The pipeline distance between the prover and the flowmeters to be proved should be minimized to
reduce the possible difference in pressure and temperature.

Consideration should be given to the potential for the prover installation to change the flow profile
at the flowmeter under test, hence changing the K-factor.

The potential for localized pressure loss should be considered to avoid the onset of cavitation and
flashing within the system.
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f)
g)

h)

j)

k)

D)

9.1.2

9.1.3
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Safe means should be provided to isolate the prover for maintenance purposes.

In addition to the recommendations given in 6.8, any other valves in the proving system which can
constitute a bypass round the prover and meter, e.g. drain or vent valves, should be fitted with a
means for checking for leakage.

Provision should be made to drain the prover completely and to vent air or vapour from the system.
Appropriate facilities should be provided for disposal of drained or vented liquid and vapours. The
disposal system should allow for vaporization as hydrocarbon liquids are depressurized.

Pressure relief should be provided to allow for 11qu1d thermal expansion when the prover, or

S cco Bive icalatad Coon tbha S A g i avararlsy

cintnd coctl ra mtho o ds
fMpoouULTIdallu l_lll,lb J\f\.fl-l\.llln.), Ml A>3 lJUlM\r\'M ITT UL LIIC (—IMJUlllllls lle\.» VVUIIN.

chould be made to relevant pipeline safety codes.

Provers used on liquids with a high viscosity and/or high wax precipitation tempe
Fequire trace heating and thermal insulation. This is particularly important where pr
ntermittent use. Even where thermal insulation of the prover is not required as part of

volume and to reduce the time required to attain thermal stability.

Protection from sun, wind and other environmental effects may be required to obt

nsulated.

The prover should be protected from damage by dirt or debris which may enter
ipstream of the installation. The manufacturer’s recommendation for strainer g
requirements should be adhered to. Provision\to flush or clean the prover and/or det
debris or wax deposition should be considered.

Provision should be made for safe removal and replacement of the displacer with mini
iquid.
Fixed provers

Hydraulic and stress analyses should be undertaken for all anticipated conditions of flo

Che design of foundations and supporting structures should take into account all rele}
such as soil conditions, external forces to and from adjoining pipework, and change of
empty and when' full.

Where thieyprover and/or its associated pipes and fittings are buried, access pits are re
for flanged connections, valves, sphere detectors and transducers. The access pits m
[illed in the case of buried flanges.

All pipework, above ground or buried, should be protected against external corresion.

stability. Insulation and sun and wind screens should be émployed. Thermometer heads

femperature and vibration in the design, and checked before installation and future use¢.

Reference
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Connections for routine calibration of the prover should be located so that proper safety precautions
can be observed. Consideration should be given to such aspects as space, access and hard standing
for mobile calibration equipment and provision made for the supply and disposal of fluids used for
calibration.

Mobile provers

Where mobile provers travel on public roads, the relevant regulations should be considered. They
should be drained and flushed and/or filled with inert gas prior to transporting.
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b)

f)

9.2 Electrrical installation

A means of remotely isolating the mobile prover and its connecting hose or connecting pipework
from the process in the event of an emergency should be provided. This is essential in respect of
high vapour pressure liquids such as LPG.

Hydraulic and stress analyses should be undertaken for all conditions of flow, temperature,
pressure and vibration to ensure forces applied to the prover, hoses, and site pipework remain
within permissible limits.

Provision should be made to enable proper safety precautions to be taken when installing,
operating or removing a mobile prover. Consideration should be given to access and hard standings
suited to the size, weight and construction of the mobile prover to be used. Provision should be
made f¢rthe sSupply and safe disposat of caiibration Hquids.

Where |it is necessary to purge the prover with nitrogen to displace heavier-than-air(gases for
transpart, storage, etc., provision should be made for nitrogen to enter at a high levelland to be
vented |at a low level. The appropriate safety precautions when dealing with nitrogeh should be

observed.

A writfen procedure should be agreed between the installation operater, and the calibrating
authority for the connection, use and disconnection of mobile proving equipmient.

The standafds laid down in national and local regulation, including/those for in potentially explasive

atmospherdgs, should be considered. Written procedures should beé\made for the following:

a)
b)
‘)
d)

e)

9.3 Othef installation recommendations

a)

b)

<)

d)

electridal earthing requirements;
power $upply requirements;
temporpry connection to plant instrumentation;

sequenfe of connections and disconnections with particular regard to earth bonding and the
potentipl for static electricity.

maintehance and testing of all electtical and electronic apparatus.

While the operation of a prover is normally automated and controlled remotely, local manual
controls should also beprovided. Local controls should be located to allow safe and convenient
operatipn. Remote eperation should be securely disabled when the system is on manual contrql.

Local ipdicatorsfor thermometers, pressure gauges and detector switch operation should be placed
so thatthey ean be safely, easily and conveniently observed.

Safety Interlocks and sealing devices should be installed to prevent unauthorized tampering with
equipment, particularly detector switches and end closures.

Access to fire-fighting equipment should be provided.

10 Traceability

Pipe provers have a hierarchy in a traceability chain. All have a volume traceable to standards of mass
combined with the derived density of pure water or an alternative stable and characterized liquid, e.g.
light non-volatile petroleum product. There is a hierarchy for traceability which is followed to provide
the uncertainty required by the final application.

The uncertainty for volume determination should be specified according to the requirements of the
application.

38

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9244a328336c7caef3e26410bf41ec9f

IS0 7278-2:2022(E)

Figure 10 shows schematically different traceability chains associated with the use of a pipe prover to

calibrate a working flowmeter.
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Figure 10 — Traceability
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11 Calibration

11.1 General

A prover is manufactured to have a nominal volume displaced between the detectors. The actual
volume is established through calibration. This resultant calibrated volume is expressed as the volume
at standard, or base, conditions. The volume is established before the prover is brought into service
though a factory calibration followed by further calibration or verification when commissioned.

Subsequently, recalibration is normally carried out at specified intervals which may be set by national
or local authari i i ion i i

prescribed,

measured and the value of the product being transported, are examples of the risk considerations.

The prover]
prover syst
necessitate

Where a pr
prover with

For bidirectlional provers, the calibrated volume is usually the round-trip'yolume however the indivi

pass volum

The calculd
Annex A.

Calibration
repeatabilit
of a numbe

run is nornjally the sum of two passes i.e. the roufid-trip volume. For this case some authorities

require the
Unidirectio
through eit
comprising

Repeatabili
runs, falling

is not preclfided nor is the use©fjah increased number of runs or passes (see Annex C).

As the detd
one determ
chosen. Flo
a pass. Thig
of the mea
agreed for
different fr

should be established based on risk. The history of stability, the risk of a change in the ¥p

volume is also re-established after damage, a change to any critical comppnent o
em or a risk analyses. The adjustment, replacement or repositioning of a détector norn
5 recalibration.

bver has multiple detectors, all possible volumes should be determined. For example,
four detectors, two at each end, four calibrated volumes should bederived.

bs may also be recorded or required to be reported.

tions and formulae which may be used to derive the base volume are summarize

is carried out with adequate number of determinations to establish a mean value and
y to determine the uncertainty of the value:"The volume is determined from the n
r of passes or the mean of runs made up\of multiple passes. For bidirectional prove

individual directional pass volumes(to be reported in addition to the round-trip vol
hal provers, in particular small volume piston provers, may have the volume determ|
her one run of a significantly largé enough number of passes, or from a batch of runs
a number of passes.

[y criteria are specified-and normally based on the results of 3 or 5 consecutive passg
r within an agreed range. Alternative repeatability criteria based on statistical equival

rmined volumeshould be independent of the flowrate, some regulations require at

ination to bé«erived at a flowrate a minimum of 25 % different from the highest flow
vrate is estimated from the time between detectors or from an in-line flowmeter dy
test may*be specified as a diagnostic test or the result included within the determing
and\repeatability. The result would be expected to lie within the repeatability cri
hé calibration. If leakage past the displacer is suspected, additional runs at a flowrate !

provides a more sensitive indicator of leakage.
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It is noted that API MPMS:2010, 4.9[7] suggests that, when using the master meter calibration method,
three batch determinations are obtained, with the average of the three to be used as the result. One
batch would be carried out at a flowrate different from the other two.

There are two recognized methods for a prover calibration; water draw and master meter methods.

Both share

common requirements for the fluid, circuits and much of the equipment.

11.2 Calibration circuits and equipment

Schematic diagrams of typical calibration circuits are given in Figures 11 to 16.
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A supply of clean, filtered and stable liquid is required. Fresh, drinking quality, water is the
recommended fluid for the water draw method. The definitions describing water characteristics are
given in of ISO 8222:2020, Table A.1[41,

When water of drinking quality is not available, or practicable, other liquids may be used. These include
impure or saline water, water including the addition of small quantity of corrosion inhibitor, or light
stable hydrocarbon oils. The liquid should be filtered from all solids and be characterized in terms of
physical properties such as thermal and pressure expansion factors, density and viscosity. Where the
reference is gravimetric, the density or relative density should be known accurately. When a volumetric
reference is used, the volume expansion factor should be known. For fresh water this is usually derived
from the density of pure water at two temperatures whereas for hydrocarbon liquids, ISO 91[9] provides
acceitable expansion factors for crude oils and products. Acceptable formulae are given in|I1SO 8222[4]

for gure and saline water. The formulae for pure water in Annex A are recommended fof thf calculation
of thle thermal expansion factor of water. These formulae give the density of pure waterbut dlso provide
acceptable estimates of thermal expansion for clean fresh and drinking quality water. For gravimetric
calijrations, the calculated density for pure water is corrected by multiplying b{#the measufred relative
dengity.

The |influence due to viscosity of the fluid should be recognized. The(viscosity of an oil
amb]L

on the drainage time for a volume measure or the variation in the meter factor of a master 1

Due
may
prac
enou

to the relatively small volume of fluid required to calibrate*a small volume piston pj
be drawn directly from a drinking water supply and funto waste. It is however mg
tice for all provers to draw and return the liquid fronra reservoir. This reservoir sho
gh to fill the complete calibration system, including any reference tanks or vessels, wh

product at

ent and operating temperature should be determined as an influence factor. This may be the effect

heter.

over, water
re common
hld be large
le ensuring

sufficient depth remains to keep the pump suction submerged to avoid air entrainment. The reservoir

shoy
peri

1d also have a large enough thermal capacity to ensure temperature stability across the
bd and certainly during each pass of the prover displacer.

on. Liquid collected in a reference tank or vessel may be returned directly to the reser
ndary reservoir.

calibration

return of liquid to the reservoir shouldmot provide a source of air entrainment back to the pump

Voir or via a

The pump chosen to circulate the liquid should be, as far as possible, free of pulsations anld chosen to

proyide adequate flowrate and\pressure to maintain flow but not impart too much heat
the fluid. The use of motor speed control or spill back circuits is advised. The pump and sy;
alloy for the flow to be stopped without excess pressure surge or damage to the pump.

Circplation of liquidzshould be through solid pipe, or non-delating hose. The length a1
between the proyér)and the reference should be as short as practicable. This pipe sectio
insujated if requifed to minimize temperature variations. A means to allow flow to contif
the prover under test between proving passes should be considered to maintain stability.

energy into
tem should

nd distance
n should be
jue through

For the master meter calibration method flow is continuous and hence the requirement for valves is

bn, the flow

11m1 ed to those requlred to control the flowrate and pressure For a water draw callbratl

| fast-acting

(solenoid) Valve triggered by the prover detectors. As fast actlng Valves are usually of small diameter, a
second larger valve may be installed to allow a higher flow during the pass, opening after a pass starts
and closing before the end of the pass flow continuing through the fast acting valve. A third valve is
installed to allow the flow to bypass the reference until the displacer reaches or approaches the first
detector and then to allow the displacer to move on after the end of the pass.

The transfer point between the prover and the reference is established at a point where the fluid enters
the collection tank. This may be a valve, a weir or the meniscus at the end of the reference entry pipe.

Valves are sized to match and control the flowrate required for the calibration. They are operated, or
actuated, at a speed to allow the flow to be reduced and stopped on the actuation of a detector, the
approach to a detector or observing the level in the neck of a volumetric measure. The valve used to
stop the flow from a detector signal should be sized, and the speed chosen, to give minimal uncertainty
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due to fluid passing the valve after the detector is actuated. The valve operation should be repeatable.
The size of the solenoid valve commonly associated with small volume provers ranges from 6 mm to
12 mm, but may be larger for conventional provers.

The temperature and pressure of the liquid should be measured as described in 7.1. Calibration
certificates

should be available for any instruments used.

11.3 Water draw calibration method

11.3.1 Description

Water drav
reference n

The volumd
of the end ¢

i is the calibration of a prover by direct displacement of water from the prover iy
easure. The reference measure may be either volumetric or gravimetric.

displaced to the reference between the actuation of the start detector and‘the actus
etector provides the calibrated volume. Water draw can also be employed-for proprig

to a

ition
tary

small volunpe piston provers by withdrawing liquid from a reference measure to thejupstream volume

of the provg

Water draw
authorities
draw is usul
to installati

Where the ¥
difficult, th
the calibrat

Water draw
not a requi
water prov
be applied
of the fluid

uncertainty.

A calibration circuit is set up in whichiquid (water) flows from a reservoir, through a pump, thr

the prover {
is set up dd
measure as

Flow is con
circulating
displacer fm
displacer ta
displacer is

r if this is a requirement.

y is the traditional choice of calibration method and is still fayoured by some reguld
for all calibrations, especially where the volume of the provestis relatively small. W

on on site. It is also the preferred method for small volume\piston provers.

rolume of a prover is large, or an oil product has been.used and cleaning the internal surf
e master meter method is generally the preferred method of calibration, particularly
on is on site as it reduces time on site and providésfor better stability in difficult condit

' is normally carried out when the proverds ' clean and free from traces of oil. Alth

des control and stability of fluid properties. The principles of the water draw method
using clean, low viscosity, low vapour pressure hydrocarbon products. The prope
should be stable and the thermal expansion and compressibility known to the reqy

o be calibrated and back to the reservoir. A reference measure, volumetric or gravime
wnstream of the prover in such a way that the flow can be temporarily diverted intc
required.

rolled through.a number of valves. One larger valve allows a faster flowrate to be set
Flow to achieVe stability of conditions. It also controls or sets the flowrate when runnin
om the end'chamber or start position towards the detector, during a pass and to allow
moveforward after completion of a pass. A second smaller valve restricts flow wher
or/final approach to a detector. On approach to a detector, the larger valve is closed

flow being maintained at a low rate through the smaller valve. This smaller valve acts as a control v

iting
fater

ally the preferred method for the initial calibration of a prover after manufacture and prior

aces
rhen
ons.

ugh

rement, clean fresh water is normally used as the calibration fluid. The use of clean firesh

may
rties
ired

ugh
tric,
the

rhen
b the
 the
1 the
with
alve

and will be

installed upstream of the fast-acting solenoid valve. This fast-acting valve is actuated

the signal from the detectors, stopping the flow to the reference.

rom

A diverter valve is installed to allow the flow to continue directly back to the reservoir prior to the
actuation of the first detector and following the actuation of the second detector. After the flow is
stopped at the first detector, the flow direction is diverted into the reference measure and restarted.
Flow may be increased in rate to reduce the time taken for the pass but is again reduced on approach
to the second downstream detector and stopped when the downstream detector is actuated. Flow path
is then redirected back to the reservoir and restarted moving the displacer beyond the downstream
detector.

For a bidirectional prover the flow direction is reversed and the process repeated.
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Ideally the water draw should be carried out so that there is no interruption to the flow and the
displacer is not stopped during a pass. This is easily achieved when the reference has the same nominal
volume as the prover. For larger volume provers this may not be practicable and multiple fills of the
reference are required. In this case, when a single reference measure is used, the displacer is stopped
between fills. If two or more measures are available, one may be filling while the second drains. The
flow would be diverted between measures as required. This ensures the displacer moves smoothly and
continuously down the barrel of the prover. Not only does this reduce the uncertainty of the calibration,
it considerably reduces the time taken. As it is common that reference measures fill faster than when
draining, careful planning and timing is required. All valves and filling pipework should remain full and
allliquid is transferred without loss during diversion. Alternatively, two or more measures can be filled
simultaneously stopping the flow into each when full and finally coincident with the end of the pass.

Whdre reference volume(s) are not an exact sub-multiple of the prover volume, an additignal smaller
meapure is required. There is no preference as to when the smaller measure is used;during the pass or
as affinal measure. If the reference measure(s) are larger than the volume of the prjover this additional
meafpure may be used to “top up” a larger measure to fill it to the middle of thescale. If the reference
meafpure(s) are smaller than the volume of the prover, some volume may berwithdrawn to[the smaller
additional measure. A gravimetric measure may be used to provide this additional cgpacity and
proyides more flexibility and range to provide the exact volume required.

For pny system, an established transfer point such as a valve, selenoid valve, swan ndck, weir or
menjscus on the bottom of a filling pipe, is established to ensuredll fluid displaced is transferred to the
meakure.

11.3.2 Volumetric measure as reference
The design and specification of volumetric measuresis given in 1ISO 8222[41,

Standard (sized) measures may be used or a bespoke measure may be available to match the volume of
a sp¢cific prover, as is the case for many small'volume piston provers.

Test|measures or proving tanks may beleither bottom or top fill designs. Top fill measfires should
ensyre the filling pipe has suitable entryto the tank and is not submerged when the measurte is full.

Refefrence measures are normally required as a minimum however a primary measur¢ is usually
spedified for use with a small yolume prover, particularly if this is to be used subsequently ad a reference
or master prover.

It is| presupposed thatsineasures are calibrated, certified and traceable to national standards at
appropriate intervalswith the certificates available for inspection.

In bottom fill deSigns, the fluid is introduced through a valve manifold into the bottom of the measure.
The alves op-the manifold should be demonstrably leak tight and the pipework connecting the prover
to the measuxre should remain full both before and after each run.

For 4 ny system, a transfer point such asa solen01d valve, a swan neck a weir or meniscus onthe bottom

Drainage of the measure should follow the specified drain times and method set out in the measure’s
calibration certificate and should not be compromised by added restriction to flow in the drain hose or
pipe from that specified when the measure was calibrated.

Figure 11 shows the installation of a bottom fill prover tank used as a reference. Figure 12 shows a top
fill proving tank or test measure used as reference.
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Figure 11 — Waterydraw using bottom fill volumetric measures.
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Figure 12-— Water draw of an SVP using a top fill volumetric measure

11.3.3 Gravimetric as reference

A gravimetric reference consists of a collection tank (weigh tank) mounted on a weighing platform.

In a|gravimetric water-draw, the quantity of liquid between detector switches is displaded into the
collection tank and weighed. The net weight of liquid in the collection tank is corrected for air buoyancy
to determine the mass. The mass is then divided by the density of the fluid to give the volume. This is
then corrected to standard conditions.

The collection tank should be rigid, not too high to reduce instability, and balanced symmetrically to
ensure even weight distribution on the weighing platform. The tank should allow for drainage without
a connection interfering with the weighing. The tank is top filled through an entry pipe which is not
submerged and there is no loss through splashing. There are no requirements for a wetting run, nor are
there any drain-time stipulations.

The capacity of the weighing machine should be selected to measure the weight of the tank and the
liquid collected. The resolution, traceability and uncertainty should be consistent with the overall
uncertainty required of the calibration.
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Calibration frequency is related to the use of the machine and the history of stability but should not
exceed one year. More frequent verification prior to each use is recommended.

The weights used for the calibration of the weighing machine should be traceable to national standards
and calibrated to the required accuracy or class as described by the International Organization of Legal
Metrology (OIML).

The gravimetric method is more suitable for use in a controlled environment. It is adversely influenced
by factors such as wind and rain. The method finds particular use for the calibration of small volume
piston provers where the traceability to mass is important.

Gravimetrig-weighing-allows-a-significantly-widerrange-of-volumes—to-be-measuredina-singlefill as
there is no|requirement to fill to a fixed volume or weight. Multiple fills are permissible tosuif the
available weighing scale. A gravimetric measure may be used to complement volumetric measures
providing afditional variable measurement where the prover volume does not equate to the volumgtric
measures ayailable.
Figure 13 shows the use of a gravimetric reference.
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Figure 13 — Water draw of a SVP using a gravimetric reference
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11.4 Master meter calibration method

The master meter method is increasingly being adopted for the calibration of large conventional pipe
provers, particularly for those used in crude oils and refined products. The main advantages are that
it takes less time than a water draw, requires less specialist equipment and enables multiple volumes
from four detectors to be determined simultaneously. The master meter method is not recommended
for the calibration of small volume piston provers.

A master meter calibration may be performed using clean water or another liquid such as salt/
saline water or light hydrocarbon (diesel) oil, providing the coefficients of thermal expansion and
compressibility are known. The advantage of using clean water as the calibration medium is that it has

arel
Ifal
requ

A pr
calik

atively low coeftficient of thermal expansion and 1s usually stable, making calibration 1
quid has a high coefficient of expansion and is not relatively stable, it can be difficult to
ired repeatability.

pver may require cleaning prior to calibration. This is to avoid contaminatierr of the re|
ration circuit. Cleaning using water or a light hydrocarbon liquid may-remove wax

the internal surface of the prover during the calibration. This results in a volitme comparal

prov

The

er when new, but may differ from the volume when in service.

calibration circuit is set up as in 11.3.1, noting the requirement for valves to reduce, sto

the fllow are not required.

The

pres
refel
asp
com

equipment used to calibrate a prover comprises a mastermeter, a reference device, the|
sure gauges, pulse counters, interconnecting pipeweork and an electronic control {
ence device may be a volumetric reference measure’er master prover. The master prq
here prover, significantly smaller that the prover.ihder test, or a small volume piston
ponents may be assembled at the location of the calibration, or be complete as a ski

moujnted assembly. The equipment should be seleeted to achieve the performance requirer

appj

The
requ
for 4
cond
gene
grav
mas
dire
prefi

The
lies
calik

Whs

master meter should be of high quality and provide short-term repeatability well
ired criteria when in use. A displacement meter or a turbine meter is usually the prefg
| master meter, although a Corliolis meter may be considered. The meter is chosen
itions of flowrate, pressure; temperature and viscosity at the location. A displacems
rally preferred if it is necessary to start and stop the flow when the reference is a vd
imetric measure. A turbine’meter may be preferred if the flow is continuous in associ
fer prover. A displacemernit meter should be fitted with a high-frequency pulse generato
Ctly to the rotor (1neygearing and minimum torque resistance). Multi-bladed turbine
erred over twin-bladed helical meters to increase the number of whole collected pulses

master metéxr’should have a specified operating flow and viscosity range across which {
within spe€ified limits. This determines the limits of acceptable flowrate variation
rationsprocess.

n-the reference is a master prover, it is possible to install the master meter, master pra

opriate, be suitable for use in areas associated with potentially explosive environment$

huch easier.
achieve the

ference and
layers from
ble with the

b and divert

rmometers,
ystem. The
ver may be
prover. The
d or trailer
nents and if

D.

within the
rred choice
to suit the
nt meter is
lumetric or
hition with a
I connected
meters are

he linearity
during the

ver and the

e installed

prov

ertnder-test-in-any-convenient-orderinrelation-to-the-flow—The-flow-—control-should

downstream of the assembly to ensure a minimum back-pressure is maintained across the entire
system to avoid cavitation or flashing. The flow should be controlled and consistent throughout the
entire calibration to ensure the performance of the master meter remains constant.

Example installations are shown in Figures 14, 15 and 16.
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Figure 14 — Mastér)meter method with a volumetric reference
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Figure 15 — Master.neter method with a master prover reference
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Figure 16 — Master meter method with a SVP master as reference

11.5 Sequlential master meter method
A master mgter calibration-using sequential or consecutive proving is carried out in three steps.

a) The mgster meteryis calibrated against the reference measure or master prover to establish an
initial K-factorsThe master prover or volumetric measure should have been previously calibrjated
by the yaterdraw method and have an uncertainty in volume less than that required for that of the
prover under'test.

b) The prover under test is calibrated from the volume measured by the master meter.

The calibration of the prover under test is carried out by counting the pulses generated by the
master meter with the counter(s) gated from the prover detectors. Multiple volumes may be
calibrated in a single pass by using multiple counters. The flowrate, pressure and temperature
used should be as close as practicable to that used to calibrate the master meter.

c¢) The master meter is re-calibrated to ensure stability.

The initial K-factor may be used during the calibration to provide an initial volume for the prover under
test and show repeatability criteria is met. The final reported base volume would be derived from the
mean K-factor taken from steps a) and c).
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The repeatability of the master meter at the operating flowrate(s), and agreement between the pre-
and post-calibrations, should be tested against the specified acceptability requirements as described in

Annex C.

11.6 Concurrent master meter method

The concurrent proving method may be employed where a master meter and small volume master
prover combination is used. For concurrent master meter proving, the master meter is calibrated
during each pass of the prover under test rather than sequential calibrations before and after the test.

Prior to starting the prover calibration, the performance of the master meter should be

verified to

ensyre the performance, K-factor and repeatability is within the expected acceptance critef

The [prover under test is then calibrated. During each pass of the prover under test;the m

ia.

aster meter

is prjoved through repeated calibration passes of the master prover. A sufficient muntber (ninimum of

five)| calibration passes of the master prover should be taken during each pass ofithe prover

There are two options to derive the volume of the prover under test:

The [number of pulses collected from each pass of the master’prover is used to calculat
K-fagtor from the batch corresponding to the pass of the prover under test. The mean
then used along with the total number of pulses collected’during the pass of the prover u
deriye the volume associated with the pass. In this caseycorrection factors applied to the c3
K-fagtor are based on temperature and pressure measured at master meter and master pro
detefmination of K-factor.

Alternatively, the mean number of pulses eollected from each pass of the master prover

trangfer the volume of the master meter to the volume of the prover under test without
the K-factor of the master meter. In this.case, the correction factors used to transfer the m|
proyier volume to the prover under test'are based on the mean temperature and pressure 1

the master prover during the proyer under test pass, and temperature and pressure are not
the aster meter.

11.7 Calibration procédures

Prodedures for any_calibration should be established and agreed with all parties prior to ¢
work. These proeedures should cover the requirements for installation and decommissig
calibration equipment, the method of test, and the establishment of acceptance criteria.
Examples of-ealibration procedures are given in Annex H, and the calculations for the deter

standard (base) volume given in Annex A.

under test.

it pulsation
s place. The

e the mean
K-factor is
hder test to
Iculation of

wer for each

is used to
calculating
aster meter
neasured at
required at

ommencing
ning of the

mination of

lity, change

from prev1ous callbratlons and an acceptable uncertainty. Recommended acceptablllty criteria are

given in Annex C.

A calibration certificate is provided on completion. Guidance of the content of a certificate is given in

Annex [.
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12 Operation to prove a flowmeter

12.1 Setting up a prover

Operational procedures for provers in a fixed location as part of a measurement system should be
specified and documented. They should describe the safe filling, venting, and draining of the prover,
ensuring the critical valves are leak tight and establishing stable conditions.

Mobile provers are expected to have enhanced operating procedures as there is significantly more
preliminary work to be done before a prover is safely installed at a location and connected for use.

12.2 Mobile prover prior to arrival on site

a)

b)

The specification of the metering station and the mobile prover is compared to ensure tha
prover |is suitable for the job. In particular, the flowrate, pressure, temperature and natui
the liqyid to be handled should be checked. The pressure rating of the hoses should be capah
contairfing the maximum pressure expected including potential surges and emergency shutd
conditipns.

The K-fhctors of the meters to be proved are ascertained. A check should b&' made that the reqy

- the
e of
le of
own

ired

number of pulses collected during a proving pass is compatible with theXdccuracy required. If njot, it

is possible to use a pulse interpolator during proving.

As pulsg resolution is not the only criteria, it should be verified that the pulsed output stability

It shoulld be ensured that all required permits and‘permissions are available.

The suitability, position and availability of allrequired hoses, connections, critical valves, acce
fluids and drainage facilities should be ensured.

There ghould be access to the required location and the ground should support the weight o
filled prover in a location close to-the meter or prover to be tested.

12.3 Mobile prover on arrivalon site

a)
b)

f)

52

All reqiiired permits and permissions are obtained.

Safe acgess to the lo¢ation and suitable ground should be confirmed. When in place, brakes or j
are applied to rémove the load from the wheels. Before connecting the prover to the flow line

and

resolution of the meter is compatible with the pulsercounter. It should be verified that a

5s to

f the

acks
itis

important to_ensure provisions are in place to allow for spillage and that any connections can be

monitofeddof pressure before opening.

All the TETESSaTy EleCtrical TONMECHONS are Made, paying Special attemtion to eartr borr
Connecting to the detectors may require the seals to be broken.

If required, the displacer should be inspected prior to being re-inserted and the end clos
securely fastened.

ling.

ures

The flowline, using suitable non-dilating hoses is connected. A pressure test is performed to at least

the maximum line pressure. There should be no leakage

The prover and the meter under test are filled slowly while venting air and gas safely. Any flowmeter

in the line should not be subjected to over-speeding when venting and monitor hoses and fla
throughout.

nges
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Live crude oil, liquefied gases and other high-vapour-pressure liquids should be vented to a safe
area or flare line. The prover may require to be purged with an inert gas (N,) prior to filling with
liquid.

[tisimportant to ensure that on completion, the prover can be isolated, and drained in a safe manner.
If no local drainage facilities are available the prover and hoses may be isolated, disconnected, and
then transported to a location for safe draining. For onward transport on public roads the prover
may require to be flushed and degassed.

12.4 Stabilizing temperature

Before proving can be started, thermal equilibrium should be established by flowing prod

the

prover can be carried out. During these preliminary runs the opportunity should bétaken
remgining air or vapour, check for leakage and that the detector switches and the ptrover cou
fundtioning correctly. Calculated results may be derived as preliminary results‘to give earl
of potential errors, meter malfunction or to determine the number of pass€s required to

run

The

the J
shoy
exp§
diffd
thel:Iemperature measurement and thermometers shouldbe checked and verified. Stable co

ass

The

repe

12.5
The

ofa

a)

b)

12.4

lict through
runs of the
to vent any
hters are all
y indication
ronstitute a

brover and the meter under test. During this stabilization, a number of preliminary

for a small volume prover.

temperatures at the prover and the meter or the prover under test should be monit
wvarming-up period. If the temperature of the liquid is not too far from ambient, stablg
ld be reached when the temperatures at the meter and thé/prover are practically th¢
cted that temperatures stabilize to within 0,2 °C at each measurement location. A t
rence between locations is usually observed. If this difference is significant or unexpec

bred during
conditions
b same. It is
emperature
ed in value,

hditions are
med when the temperature difference settles to a constant value.

time taken in reaching thermal equilibrium is¢ime well spent, as instability is liable to
atability.

ead to poor

b Periodical checks of factors affecting accuracy

e are checks which should be made periodically either during, or at intervals between
Drover.

operations

At intervals specified in-dperating procedures, or at the beginning of each use, a sphe
hould be removed and-its diameter and/or inflation pressure checked against sp
Similarly, for a pisten.prover, a piston leak test should be carried out.

re displacer
pcifications.

All critical valves,including a four-way valve or sphere interchange valve, should be thecked for

eakage.

Drains ahd vents should be checked for leakage and the vents opened periodically between runs to

ensure 0o further air or gas is present during a proving operation.

Meter nroving oneration
r O r

b)

© IS0 2022 - All rights reserved

Stable conditions of pressure, temperature and flowrate are checked and then, without delay, the
displacer for the first proving pass is launched.

In the case of a unidirectional prover, the readings of the liquid temperatures and pressures at
each measurement location are recorded during each pass. This may be single or multiple readings
across the pass time. The total number of pulses collected and the time of the pass is recorded at
the end of the pass. If a run should consist of multiple passes, these should be then continued in
immediate succession.

In the case of a bidirectional prover, immediately the first pass has been completed the return pass
is initiated to complete the run. Many provers are programmed to automatically initiate the return
pass. The temperatures and pressures at each location are recorded during each pass. The time of
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each pass should be recorded. The total number of pulses for the run (round-trip) is recorded. It
is recommended that the total pulses for each pass is recorded and then summed. Recording the
results for each pass may be required for reporting within the specifications. Recording each pass
also aids fault-finding and investigation.

d) If practicable, the flowrate as indicated by the meter (frequency) should be monitored. This not
only shows the stability of the flowrate, but acts as an indicator of any problems associated with
the launch or passage of the displacer. It is not required to record this data.

e) The meter factor or K-factor is calculated as described in Annex A. The flowrate from the volume
and the time of the pass or run is calculated.

f) The oppration is repeated at quick succession, at the same flowrate for the required nuthber of
passes pr runs.

g) It is gopd practice to record the result of each pass and run in a manner where a rupning njean,
standard deviation and range of results can be calculated. It is also good practice to record the
results|graphically, hence showing any drift or trend in the results which may ‘indicate instability
of the proving. The repeatability of the batch of results is assessed as described in Annex|C. If
necessdry, to obtain acceptable repeatability of the batch, additional passeser runs can be cagried
out. The minimum number of determinations may be specified by contract or regulation but wjould
not be |ess than three. If the acceptability criteria for repeatability dllows for a variable numhber
of passes or runs, this should be achieved in a reasonable number of attempts (no more fhan
15 indiyidual passes or runs or 3 batches). If not achieved, work should stop and the cause of the
error of instability investigated.

h) The prqgving operation should be repeated at the requireddumber of flowrates.

i) Itis of the utmost importance that the technician(s) carrying out the proving operation are trajined
and familiar with the techniques of meter proving;assessing the results and generally keeping the
measurement system “in control”.

12.7 Preliminary assessment of the results

If either theg meter or the prover is malfunctioning, this is usually made evident by poor repeatability in
the results.|lt is recommended that theresults of each pass, run or batch be monitored and repeatability
calculated during the batch. If theseTepeat passes or runs are in good agreement, this is a fair indicgtion
that results|are acceptable.

It is important to note that good repeatability does not prove that the results are correct. A systematic
error introdquces a constanterror to all results.

There are various ways of assessing whether the repeatability of a batch of readings is acceptable. In
pipe prover
results in t
and the low
be required-te=g ;
of less than 0, 05 % is often used as a gulde Exammlng any trend in results w1th a record of stablllty of
flowrate and temperature may indicate inadequate stability.

It is presupposed that procedures, contract or regulation specify the acceptance for proving a meter.
Further guidance is given in Annex C.

If the repeatability exceeds the specified criteria, the reason should be investigated and further runs
initiated. If the repeatability of the second batch is within the prescribed criteria, this result may be
adopted as the result. Results from the first batch should be retained in the records but are not required
to be reported.

If the repeatability remains unacceptable after 15 individual runs (or 3 batches), it is recommended to
stop proving and look for a cause.
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With a small volume prover, it may sometimes be necessary to increase the number of passes in a run
to obtain satisfactory repeatability. Before increasing the number of passes in a run, operators should
first obtain the agreement of all the parties concerned with the proving.

The number of passes in a run should be constant for each batch and the number of passes per run
should be stated on the proving certificate.

Once repeatability has been obtained, the result should be compared against previous proving results.
If the result is significantly different, the most probable cause is a change in the meter performance.
However, all practicable checks of the prover instrumentation and the flow circuit should be made to
eliminate other potential errors. The monitoring history of proving a meter may indicate wear and give
early warning of impending fatiure:

It is|good practice to maintain a record of the magnitude of change in meter performariceg associated
with a prover, especially a mobile prover. Examining any trend or commonality from~diffefent meters
maylindicate a potential change in the prover.

Due|to unstable flow conditions, particularly in offshore production facilities, it may not bg possible to
obtafin the required repeatability in a fixed number of runs. In this case, increasing the nunpber of runs
following the methods in Annex C may achieve the required result. If the;required repeatahility cannot
be nmet due to operating conditions, the result should be recorded and the uncertainty estimated based
on tlhe measured results.

12.8 Fault finding

To 4ssist in identifying sources or faults and errors, the experience of prover operators has been
embpdied in Annex D.

13 Bafety

13.1 General

Itis presupposed that all designers.ahd operators of a pipe prover are aware of applicable international,
natigpnal and local regulation and safe working practices. In particular, the following spedific aspects
shoyld be noted.

All grovers should be designed to be structurally sound and all supports, supporting striyictures and
lifting points designed,‘certified and inspected to ensure there is no structural failure.

All provers and dssociated pipework should be designed and certified to cover the pijessure and
temperature range for the applications and all internal seals should be compatible with the fluids to
be used. This srecommendation also includes flexible hoses which may require additional inspection
and mainténance. For mobile provers, evidence of conformance may need to be provided tq clients and

All precautions should be taken in advance to prevent spillage, to plan for the safe containment and
recovery of any spilled fluids and to prevent risk of ignition or pollution of water courses. This is
particularly important if hydrocarbon liquids are being used.

A method for the safe and controlled drainage of liquid, particularly hydrocarbon liquid, from the
prover, pipework and associated equipment should be documented.

Electrical safety, earth bonding and procedures for connection should be documented to prevent any
electrical shock risk and potential of static electrical spark. The requirements for hazardous area
electrical equipment relevant to the location should be observed, with particular regard to temporary
instrumentation connections. The continuity of bonding for connecting pipes through flexible hoses
should be established and the continuity of flexible hoses tested and recorded at regular intervals.
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If a change in liquid between volatile and non-volatile hydrocarbon liquids is required, recognition
should be given to the danger of creating an explosive gas mixture within an open tank or volumetric
measure (sometimes referred to as “switch loading” hazard).

A means for the safe venting of hydrocarbon vapours, gas and associated entrained liquids from the
prover and any associated volumetric measure should be provided.

A mobile prover or associated volumetric measure should be cleaned and purged before transport. Care

should be taken to prevent any vapour or fumes entering the cab of the vehicle.

13.2 Permits

When setting up and operating a prover, written authorization in the form of a permit or permits
be required. Site safety regulations give details of any permits required and who is responsibl

issuing the

and suitablg for its purpose, to inspect any risk assessments and method statements (RAMS), as
as safety cefrtificates relating to the prover and its ancillary equipment. On fixed installations, per

may be req

13.3 Oper

The displad
isolated fro

It is vital to
to opening
forcibly opg
with a pres
itself can bg

The prover
prover pipe
should be t4
when drain

The correct
spheres are
practices ay

If a displac
procedure

establishing
jammed, it 1
to be pulleg
the displacsg

. The person granting the permit may wish to ensure that the equipment to be uSed is

ired before operating the prover, and before opening it for inspection ox calibration.

ling end chambers and removing a displacer

er should be directed into the end chamber (usually the "Heme" chamber) and the pr
m the associated fluid circuit. All pressure should be released across the prover.

he end chamber cover. Failure to fully release all pressure may result in the end cover 4
ned under pressure once the bolts are loosened;\Many designs of enclosure door are f
sure "tell-tale” or indicator device that must.be acknowledged or released before the
opened.

In this case, partial drainage to below the level in the end chamber may be sufficient.
ken to avoid drawing the displacerback into the barrel of the prover from the end chai

ng.

tool should be used to refmopve the displacer, e.g. a suction type sphere removal tool. L
heavy and it is presupposed that users give attention to safe manual, or mechanical, li
d regulations. Suitable mechanical handling appliances may be required.

er has been drawn' back into the pipe or has jammed, and cannot be removed, a spd
should be followed. This may, in the first place, require refilling the prover and

may be possible to use an auger type device to harpoon or screw into the sphere, to all
out using mechanical means. Extreme care is necessary and it should be understood
r is‘not usable thereafter.

may
b for
safe
well
mits

over

ensure there is no residual pressure within the proyeron either side of the displacer, prior

eing
tted
door

is now drained. Some designs have the’end chambers raised above the level of the fnain

Care
nber

arge
'ting

cific
re-

b flow to direct the displacer further back into the end chamber. Should the displacer refnain

bW it
that

On no account should compressed gas be used to Iree or move the displacer. Using compressed gas can
eject the displacer in an uncontrolled manner with potentially fatal result.

13.4 Special precautions when proving with LPG

For safety reasons, it is recommended that LPG meters be permanently connected to a dedicated
prover. Where this is not possible, and when a mobile prover is used, the following special precautions
are essential. Paragraphs c) to f) also apply when dedicated provers are being filled or emptied of LPG.
a) Where a mobile prover is connected to an LPG line, the connection spools to the prover should be
fitted with valves. These spools should be fitted with vents on the prover side of the valves.

b) For purging the system, the vent on the inlet may be connected to a nitrogen supply while the vent
on the outlet is connected to the flare-stack (or other safe disposal system).
56 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9244a328336c7caef3e26410bf41ec9f

IS0 7278-2:2022(E)

c) Flexible metallic hoses of adequate working pressure should be used to connect the prover to
the LPG line and these should not be bent in curves of smaller radius than the manufacturer’s
specifications permit. Ifloading arms are used, the seals at the joints should be frequently inspected
and maintained in sound condition.

d) After connecting the prover, the air is purged out with low-pressure nitrogen to avoid the formation
of an explosive mixture inside the prover during filling.

e) The nitrogen pressure is increased to nearly that of the LPG supply and locked into the prover and
associated pipework and hoses. The pressure and all connections are monitored for a period of
10 min to ensure the system is leak tight before starting to fill the prover with LPG. The nitrogen at
TESSUTE SoUTd prevent rapid eXpansion, Cooting and consequent icing when LPG 15 firgt admitted.

f) While filling, the prover vent valve(s) is connected to a flare-stack or other safe disppsal system
intil the prover is completely filled with LPG.

g) Atthe end of the operation, the prover is drained into a safe disposal systemjby admitting nitrogen
through the inlet vent valve and allowing it to vent to the flare-stack via‘the outlet vent valve. This
procedure may involve raising and lowering the nitrogen pressure-several times befpre the LPG
has dissipated and may well take several hours. It is never permissible to empty a prpver of LPG
by venting it to atmosphere. Arrangements for emptying the prover should be made [in advance,
during the planning stage.

h) Finally, during the disconnection of the hoses, extreme-care should be exercised to prevent the
nhalation of vapours (LPG and/or nitrogen), the use of'masks and visors is recommended, as is the
lise of thermal gloves to prevent freeze burns from handling hoses.

13.3 Fire precautions

Site fire precautions, procedures and instructions may apply and portable fire extinguisheis should be
locafed adjacent to the work area.

A safe containment to dispose of wasteliquids, oily waste and rags should be provided locally until they
are permanently disposed of in a safe mianner.

13.6 Miscellaneous safety precautions
It is|presupposed that personal protective clothing and equipment is specified and wornh according

to the site and local conditions. It is expected that safety footwear, fire resistant overalls helmet, eye

There are speciakregulations for handling leaded fuels and for avoiding exposure to vapours including
carcjnogenic{vapours such as benzene. The use of personal monitors may be required [as a safety

and tested
is suitable.

13.7 Safety records

Every mobile prover should be accompanied by its own safety log book. A dedicated prover should have
its own safety log book, or should share the safety log book of the area in which it is situated. It is the
duty of the prover operator to record in the log book all incidents affecting safety. All accidents should
be entered, whether they involve personal injury or not, and so should any abnormal events which can
have a bearing on the future safe operation of the equipment.

It is recommended that a record is maintained holding the safety certificates, both mechanical
and electrical of all equipment and instrumentation associated with the prover. This should include
certificates of electrical and mechanical conformance with the appropriate standards, a record of

© IS0 2022 - All rights reserved 57


https://standardsiso.com/api/?name=9244a328336c7caef3e26410bf41ec9f

IS0 7278-2:2022(E)

the dates and results of the testing of all equipment which are required under safety regulations or
operating procedures.
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Annex A
(informative)

Calculations
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as the standard volume. The standard volume displaced is therefore the volume it'weuld

umetric prover is calibrated to displace a quantity of fluid. The result of the calibrat

tated standard condition. During calibration process the prover is calibrated)against
ce and the calibrated volume determined and corrected to a standard, or bdse, volume.

ner correction for differences in conditions, is the volume passed through the flown
These calculations account for the operating temperature and pressure, and any di
itions between prover and a meter under test.

accepted standard temperature used to express volume of fiquid petroleum is 15 °C3)
b another temperature by agreement. The standard presstire is 101 325 Pa (1,013 25 bg
re circumstances, 100 000 Pa (1 bar) or another stated‘pressure used, such as for hi
ers.

volume of liquid displaced by the prover is normally'at a different temperature and preg
e meter under test. The liquid expands or contracts as it passes from one to the other
rence is minimized by stabilizing the conditiens, the volume is corrected to allow for any

calculations for particular applications)should be specified within the procedures
ments either specifically or by reférence to standards e.g. ISO 4267-2[8]. The calct
marized in this document.

ections are usually applied tthrough the application of correction factors. For liquid
bed from changes in the~density with temperature and pressure while, for the 1
truction, they derived ffom thermal expansion and elasticity.

hulae for the properties of fluids and for materials may be specified in contract or
most relevant forinulae, particularly those for the density of water, are given in ISO
pduced in this@annex.

ke the situation where a quantity of fluid is traded and calculations are carried out by {
ies and-the result agreed, the calibration of a prover or a flowmeter using a prover prov
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with the uncertainty of measurement.

A2

A.2.

Correction factors

1 Thermal expansion of a prover

mensurate

The correction factor C for the thermal expansion of the material of a proving tank, pipe prover or

othe

r volumetric measure is given by Formula (A.1).

Cis =1+30(t—t)

3)

In the US, the standard temperature used for liquid petroleum is 60 °F (15,6 °C).
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where
a is the linear expansion coefficient of the prover barrel material (unless otherwise specified,
this may be assumed to be 11 x 1076 °C-1 for mild steel and 17 x 10-6 °C-1 for stainless steel);
t is the measured temperature;
tg is the standard temperature.

For small volume provers with detectors located separate from the prover barrel, the correction factor
is given in two parts as shown in Formula (A.2).

Ces =1420(t—t5)+ag (tg—ts) A.2)

where

t  istemperature of the prover barrel;
tqy isthe temperature at the detector bar;
is the standard temperature;

a  isthelinear thermal expansion coefficient of the prover barrekmaterial (unless otherwise speci-
fied, this may be assumed to be 11 x 10-6 °C-1 for mild steeland 17 x 10-¢ °C-1 for stainless sfeel);

ay isthe linear thermal expansion of the material separating the detectors.

If the matefrial separating the detectors is chosen with very low thermal coefficient, e.g. invar] the
second ternh may in some instances be omitted as insignificant.

NOTE In Formula (A.1), 3a can be replaced by the volumetric coefficient of expansion of the material. In
Formula (A.3), 2a can be replaced by the area coefficient of expansion of the material.

A.2.2 Expansion of pipe prover due to_pressure

The correction factor C ¢ for the expansion of the pipe prover due to internal pressure is givep by
Formula (A]3) which applies to an yncenstrained pipe section:

_.lp_D
Cps —1-|-Ex; A.3)

where

is the gauge'pressure (bar);

E is thémodulus of elasticity of the steel used (unless otherwise specified, this may be assumed
to beapproximately 2,1 X 105 bar);

D is the pipe prover internal diameter (mm);
w is the pipe prover wall thickness (mm).

For most applications, the uncertainty in the values used should be adequate. Where there is a high
operating pressure, the uncertainty in elasticity may be as high as 20 % and a calibration of the prover
at elevated pressure may be advised.

NOTE Small volume piston provers with large high pressure flanges relatively close to the calibrated length
of pipe do not expand with pressure as is assumed for an unconstrained pipe.
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Thermal expansion of liquid

If the liquid warms or cools between the prover or reference and the device under test, it expands or
contracts. While good practice suggests any temperature change is kept to a minimum, it is possible

that

a temperature difference may give a significant change in volume.

The correction factor C, for the thermal expansion of liquid is the ratio of its density, p,, at temperature,
t1, to its density, p,, at temperature, t,, as given as Formula (A.4).

Cy=

%)

(A4)

This

For
API

petroleum products covered within standards, such as 1SO 91[2], API MPMS:2004, |
MPMS:1986, 11.2.1112] (the petroleum measurement tables), volumetrfic expansion
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the formulae given in this annex.
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The

dbr has been defined by formulae. This provides correction from the Operating temps

dard temperature (15 °C%). In older editions, pressure and thermdl'corrections weré
rately. However, in the newer standards referenced, the corrections are combined
puter implementation, inclusive of both thermal and pressure ekpansion. The computg

orrect between two conditions, the ratio of the volume”correction factors from t
ition 1 to standard condition and that for condition-2:to standard conditions is app
yn in Formula (A.5

I~

_p1,P2_Cop
Cap = —==—

ps ps Cuz

Fe pg is the density of the liquid at the standard temperature.

n using correction factors (€} oGy and C,)) taken from the petroleum measureme
ual to correct the volume of both the prover and the second device (flowmeter or r
dard conditions separately rather than derive a single correction using temperature di

Compressibility-ofliquid

e fluid pressure-increases or decreases between the prover, the reference, or the d
the volume of(the fluid expands or contracts. While good practice recommends that a
ge should békept to a minimum, it is potentially significant if calibrating a prover at pre
umetricineasure at atmospheric pressure.

corréption factor C,, for the effect of pressure on a liquid is the ratio of the specific

refe]

calcts

formula is used for water and any other fluid where the density to temperature relatiorllship is well
defiped.

[1.1[19] and
correction
rature to a
p calculated
in a single
r code uses

emperature
ied. This is

(A.5)

nt tables, it
eference) to
'ference.

bvice under
ny pressure
ssure using

volume at a
. It may be

ence condition to the specific volume at another pressure at the same temperaturg

where

B
p

is Isothermal secant compressibility;

is the measured gauge pressure.

4)

In the US, the standard temperature used for liquid petroleum is 60 °F (15,6 °C).
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The same unit system to calculate the value of § and that of pressure should be ensured. That is, if §
is given in units of bar-1, pressure should also be in bar. Isothermal compressibility is a function of
pressure. The value of f§ selected should be that at the pressure to which the correction is being made.
This is usually the standard pressure.

Formulae for calculating f for water and hydrocarbon oils are given in 1ISO 8222 [4] and in A.6.

Cp may also be derived from Formula (A.4) if the densities are taken from an equation of state relating
pressure to density.

The formulae for C,; for hydrocarbon oils has been incorporated into the computer implementation
described iSO 01[91 or—APRIMPMS:2004—11 1[101 ol cosalain . Thic fo da—is the

"ITJ.a UV, vviliicIl CuUIIniuvIliIre \J l Mllu Utl 1Ty l\.ll lllulu 13
same as thdt given in ISO 97705 [11], Compre551b111ty for light hydrocarli)ons is provided in API'MPMS:
1986, 11.2.1[12],

A.5 Pipe|prover calculations

A.5.1 Caljbration of a prover by water draw using a volumetric measure

Where a prover is calibrated using a volumetric measure, the prover is the test device and the meajsure
is the refergnce. The standard volume Vg 1 is calculated from Formula (A.7))

C C
Vs,T=Vh x DR x I5R o LI A7)

Ctl,T Cts,T Cpl,T CpsT

where

Vr is the indicated volume of liquid in the reference measure at observed temperature and at-
mospheric pressure;

Cqr  [is the correction factor for the liquiditemperature in the reference measure;

Cyr  [is the correction factor for the liquid temperature in the pipe prover;

Cisp  [is the correction factor for-the thermal expansion of the reference measure metal;
Cist  |is the correction facter for the thermal expansion of the pipe prover metal;

Cor  [is the correctiop-factor for the liquid compressibility in the pipe prover;

C.st |[is the correction factor for the expansion of the pipe prover metal due to pressure.

NOTE1 Np pressure/correction is required for the volumetric measure as it is at atmospheric pressure.
Corrections [ r and\C\,; p are assumed to be 1.

NOTE 2  Fpremultiple tank fills, the temperature correction is applied to each fill. If the pressure rempains
constant throughout the rumn, it 1S posSsIDIE to apply Pressure correction to the total.

NOTE 3  For the water-draw of small volume provers with special adaptions such as a double casing or
displacement due to rods in an upstream volume, the calculations can be modified following the manufacturer’s
guidance.

NOTE4  The ratio Cy g/Cy 1 can be replaced by a correction based on the difference in temperatures.

NOTES5  For a bidirectional pipe prover, the base volume reported is usually the sum of the volumes obtained
from measurements made in each direction or pass and is referred to as the round-trip volume.

5) Withdrawn.
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A.5.2 Calibration of a prover by water draw using a gravimetric reference

For a gravimetric calibration, the volume at the prover is calculated from the mass displaced divided by
the density of the liquid at the prover conditions.

The mass of water, m, collected in the tank is given by Formula (A.8).

m=wa+wp,| -1 (A.8)
Pt Pw
where
|V, is the weight (in air) of liquid collected in the weigh-tank (kg);

D is the density of air during weighing (kg/m3). May be assumed to be 1,012 Kg/m3;

a

D is the conventional density of the weights used to calibrate the weighjsig machine = § 000 kg/m3;

w

D is the density of the liquid (water) in the weigh tank (kg/m3).

For fonvenience, the density of the water in the prover may be assumed to be that at the|weigh tank
unlefss the temperature is significantly different.

The prover base volume, Vg at the standard conditions is then'ealculated using Formula (A.9)

(A9)

where

m is the collected mass of water;

b is the density of the water in.the pipe prover during the calibration run at the megsured tem-
perature and pressure (kg/m3);

is the correction factorifor the pressure expansion of the pipe prover under test;
Cis7 1S the correction factor for the thermal expansion of the pipe prover under test.

For 4 bidirectional pipe prover, the base volume is the sum of the volumes obtained from mepsurements
madg in each direction.

A.5.3 Calibration of a flowmeter

A prpver is,used as the reference to calibrate a flowmeter. The flowmeter may be the working flowmeter
for e1n dpplication or it may be the master meter used in the calibration of a pipe prover.

A master meter used to calibrate a pipe prover may also be calibrated against a volumetric measure.
For this purpose, the meter factor, although rarely used, is calculated using Formula (A.10).

V. C
F=RyCOR o ! XCis R (A.10)

W Cam Coim
Formula (A.11) is used if a K-factor of a master flowmeter with a pulsed output is calibrated.

N C 1
K=—x-M o yx— (A.11)
Vs C PR e
S,R tLR ts,R
NOTE No pressure correction is required for the volumetric measure as it is at atmospheric pressure.

Corrections €, gand Cp, g are assumed to be 1.
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To calculate the meter factor for flowmeter using a pipe prover, Formula (A.12) can be used. This is not
a commonly required formula since flowmeters normally have a pulsed output.

Ve
_ SR,

VM

Cur

tLM

To calculate the K-factor for flowmeter using a pipe prover, Formula (A.13) can be used.

N

Cam Cpl,M 1 1
X X X

" Vsr Cur Cpl,R Cis Cpsr

XCysRr XCpsR (A.12)

(A.13)

Where the tIollowing apply to Formulae (A.10) to (A.13):

F is
K is
Vs r is
Vm is
N is
lat
Cur is

unpetric measure;

Cam is
Coir is
meé
Cpl’M is
Cisr is
meé
Cps,r is

Optional cd
conditions
optional cot
viscosity. T
certificate t

A.5.4 Cal

he meter factor;

he K-factor;

he volume, at standard conditions, of the reference prover or volumetric measure;
he volume indicated by a flowmeter;

he number of pulses generated by the meter during a proving pass or run (if pulse intg
ion is used, N is expressed with a decimal fractional part);

he correction factor for the thermal expansion of the'iquid in the reference, prover of]

he correction factor for the thermal expansion,of the liquid measured by the flowmete

he correction factor for the compressibility-of the liquid in the reference, prover or volum
asure;

he correction factor for the compressibility of the liquid in the flowmeter;

he correction factor for the thermal expansion of the steel of the pipe prover or volum
asure;

he pressure correction factor for the expansion of the steel of the reference pipe prove

rrection factors; €\ ,and C,4), to express the meter factor, or K-factor, at stan
have not been(iyicluded in Formulae (A.10) to (A.13), hence are assumed to be 1. T
rections acéaunt for changes in the meter performance due to temperature or pressurg
hese additional correction corrections or coefficients should be shown on the calibra
0 allow-sutbsequent users to apply them appropriately in service.

jbration of prover using a master meter (sequential method)

rpo-

vol-

L

ptric

ptric

Hard
hese

and
ition

This calculation method is used where meter factor or K-factor of the master meter is derived then used
to derive the volume of the prover under test. The K-factors or meter factors are calculated from the
appropriate Formulae (A.10) to (A.13). The mean meter factor, F or K-factor, K , are calculated for both
the pre- and post-meter calibrations for a consecutive calibration method or during a concurrent
calibration. The volume of the prover under test is calculated from the mean of the pre- and post-meter
factor or K-factor however the pre-calibration meter factor or K-factor may be used to assess
performance and repeatability before calculating the final result.

The volume

64

of a prover under test is calculated using Formulae (A.14) or (A.15).
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When the concurrent master meter method is used, it is not necessary to calculate the K-factor, and so
the alternative calculation formula given in A.5.5 may be used Formula (A.14) is used if the meter factor
has been determined.

1 1
Cim Cpm 1 1
X X X

1 =
Ctl,T Cpl,T Cts,T Cps,T
Formula (A.15) is used if the K-factor has been determined.
/b T —NT\{ Ct::‘M X I:)ll'M AV 3 V2 11 (AlS)
K Ctl,T Cpl,T Cts,T CpS,T

where the following apply to Formulae (A.14) and (A.15):

F is the mean meter factor from pre and post determinations;

K is the mean K-factor from pre and post determinations;

Vst is the standard (base) volume of the pipe prover under test;

Vl\}[ is the volume reading from the flowmeter;

Nt is the number of pulses counted during calibration.of¢he prover;

Cl] M  is the correction factor for the compressibility of-the liquid in the master meter dyring prover
calibration;

is the correction factor for the thermal expansion of the liquid in the master meter dyring prover
calibration;

Cl] T is the correction factor for the comipressibility of the liquid in the prover under test dyring prover
calibration;

CtllT is the correction factor for the thermal expansion of the liquid in the prover under{test during
’ prover calibration;

CtlsT is the correctionfactor for the thermal expansion of the steel of the prover under|test during
' prover calibratiej;

C;1>s 4  isthe correction factor for the expansion of the steel of the prover under test due tq pressure.

Forrphulae (Ad4)'and (A.15) assume the master meter is proved with same conditions of liquid, flowrate,
temj:zrature and pressure as when used to calibrate the prover. Corrections to standard canditions for

the meter((C',, \y and C,; /) are not required and are assumed to be 1. If conditions are gignificantly
diffdrent, it is possible tﬁat additional corrections factors are required to account for changes in meter
performance with temperature or pressure.

A.5.5 Calibration of prover using a master meter (concurrent method)

When the concurrent master meter method is used there are two methods of calculating the volume of
the prover under test.

The calculations may use the Formula (A.13) to calculate the K-factor for each pass of the master prover,
the mean being used along with Formula (A.15) to calculate the volume of each pass of the prover under
test.
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Alternatively, it is not necessary to calculate the master meter K-factor except to determine acceptability
of the meter performance. Using this option, Formula (A.16) may be used to effectively transfer the
volume of the master prover to that of the prover under test.

Ny C C C C
VS,T :VS,R T o tLR 5 ts,R 5 pl,R % ps.R (A.16)

R Cur Cist Cpir Cpst

where

Vst is the standard (base) volume of the pipe prover under test;

Vsr is the standard (base) volume of the master prover;
N is the number of pulses from the reference meter for the pass/run of the prover@inder {est;
Ny is the average number of pulses from the reference meter for passes of the, master prover;

Cyr  |is the correction factor for the thermal expansion of the liquid in the master prover dyring
prover calibration;

Cyr  |isthe correction factor for the thermal expansion of the liquid inthe prover under test dyring
prover calibration;

Cisr  |is the correction factor for the thermal expansion of the/steel of the master prover dyring
prover calibration;

Cis,7  |is the is the correction factor for the thermal expansion of the steel of the prover under] test
during prover calibration;

Cpir  |is the correction factor for the compressibility of the liquid in the master prover dyring
prover calibration;

Cpir  |is the correction factor for the compressibility of the liquid in the prover under test dyring
prover calibration;

Cpsr  |is the correction factor forthe expansion of the steel of the master prover due to pressyire;

Cpst  |is the correction factor for the expansion of the steel of the prover under test due to presgure.

A.6 Liqujid propertyformulae

A.6.1 Density of wdter

It is possiblé tocalculate the density of pure water satisfactorily from a number of sources. An overyiew
of the differfent,water property formulae are given in [SO 8222 [4],

From 2001, the Formula (A.17) for the density of pure water was accepted by the International
committee for weights and measures (CIPM) for use in metrology is that developed by Tanaka. This is
the recommended formula to be used when calibrating volume measures and provers.

_ _(t+a1)2(t+a2)
Pranaka =40 X |:1 a3 (t+a4) :| (A-17)

where

PTanaka iS the density of pure water from Tanaka formula (kg/m3);

t is the temperature (°C).
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and the coefficients are:

ay =999,974 950 a, =-3,983 035 a, =301,797 as =522 5289 a, =69,348 81

This formula gives a range of applicability for the density of pure water.

The older Formula (A.18) for density of water is that of Patterson and Morris. Although no longer
recommended by CIPM, this formula gives satisfactory results and is often prescribed in existing
procedures and regulations. This again has a range of applicability for the density of pure water
between 0 °C and 40 °C.

Pogn =Po 1 1-[cq (E—tg)+ea (t—tg) +c3(t—tg) +cu (t—tg)* +c5(t—1p )D]} (A.18)
where

bpgm 1S the density of pure water from the Patterson and Morris formula{kg/m3);
b is the temperature (°C);

o is the temperature of maximum density (°C);

o = 3,981 8;

ho  is the maximum density of water (kg/m3);

be  =999,973 58;

r, =7,0134x1078;

b, =7926504 x 10°6;
b, =-7,575677 x 1078,
b, =7,314894 x 1019
b =-3,596 458 x 10-12;

For the calibration of volumetric measuring devices, the difference between Tanaka and Paftterson and
Mortis is unlikely to bedsighificant except at the lowest uncertainty levels.

If the temperature range is above 40 °C, the recognized density formulation is the equatfion of state
giveh by the Intérmational Association for the Properties of Water and Steam as release IAPWS 95[13],
This|is a complex equation of state however a polynomial Formula (A.19) has been fitted to JAPWS data
and |s given-itY1SO 8222 [4]. This provides the density of pure water to an uncertainty less than 0,01 %
at temperatures between 5 °C and 90 °C.

2 2
T, T, T3, J

(A.19)

F
Piapws =Co - >
1+cyt, +cst,

where

Piapws is the density of pure water from formula fit to IAPWS 95 (kg/m3);

t, is the normalized temperature, t /100;
t is the temperature (°C);
Co =999,843 82;
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¢ = 1,463 938 6;
¢ = 0,015 505;
cs =-0,030 977 7;
¢ = 1,457 209 9;
cs = 0,064 893 1.

Guidance is given in ISO 8222[4] as to the formulae to use for impure water. Impure water is classified

as ranging
highly sali

[t is genera
impure wa
potable (dr
brackish, s3g

A.6.2 Cor

water.

y assumed that, although the densities are significantly different, the expansion factor
er are not significantly different from that of pure water up to and including poor qu
nking) water. If the salinity of the water used for the calibration increases-due the u
line or sea water, the advice and Formulae given in ISO 8222[4] should be fellowed.

hpressibility of water

rd to

s for
ality
e of

[.20)

and
This

Compressilility (B) for pure water may be determined from an equation of.state, e.g. IAPWS 95.
ISO 8222[4] provides Formula (A.20) shown below, for the compressibility of water at atmospheric
pressure:

B= ! - %1073 (4

(19{69+0,1418-£-1,934x107° - t* +5,866x 10 %% )

where

B isigothermal compressibility at atmospheric pressure (bar1);

t istpmperature (°C).
API MPMS:2010, 4.9.4 [14] suggests thesuse of a constant value for water compressibility, at 15 °Q
1 bar, may be acceptable taking regard of the uncertainty required for the particular application.
is given by:

p=4,64%10-5 bar!
A.6.3 Compressibility of oil

The acceptg

B =EXH

d Formula (A.21) provides compressibility of oil given in ISO 9770[1116),

(£2,6208+2,1592x10~% .£+0,87096- p,c % +4,2092x1073 -t- p, 2 )x10~* (4

1.21)

where

B
t

\ U

is isothermal compressibility of oil at atmospheric pressure (bar-1);

is the temperature, expressed in °C;

P15 is the density, in kg/l, at 15 °C and 1,013 25 bar.

NOTE 1

The density is input as kg/1 not kg/m3 as elsewhere in this document.

6) Withdrawn.
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NOTE2  API MPMS:2004, 11.11191 and ISO 91 [@] include the pressure correction within the implementation to
provide a combined Cy and Cj; correction factor.
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Selecting a prover volume for a flowmeter

B.1 Historical selection

API STD 2331[12] had design guidance for a pipe (displacement) prover. It recommended that & |pipe
prover should have a minimum volume of 0,005 times the maximum hourly flowrate of the) metefs to
be proved. This gives the time for a measured volume to be a minimum of 18 seconds. The reasoning
behind the puidance provided little theoretical justification and seemed to be based gfi*an assumption
of 0,5 % of the hourly throughput of the associated flowmeters.

A second crijiteria was to allow for the collection of a minimum of 10 000 pulses for a pass to provide an
uncertainty on pulse resolution of less than 0,01 %.

The guidanice given in API STD 2531 had been specified at a time when’conventional pipe prgvers
were the nprm and were used with multi-bladed turbine flowmetérs: This early guidance refains
some validity to provide a timing and volume relationship howeyér does not recognize the diffgrent
technologiels and flowmeters which are now being used. It is notéd that a multi-bladed turbine [may
have aroungl 2 000 revolutions of the rotor during a pass when following this guidance.

It was foundl when preparing the subsequent API, EI and ISO'standards that installations in service met
the design guidance associated with the pulse count limit-alone and hence the time guidance of 0,5 [% of
hourly flowjrate was not required.

B.2 Intr¢duction of pulse interpolation

The develogment of twin-bladed turbine flowmeters provided meters which, while giving a high nupber
of revolutiops in a proving pass volumeywere only giving two pulses per revolution. In many cases) this
did not allow a minimum of 10 000-pulses per proving volume. Pulse interpolation was introducgd to
increase th¢ resolution of the pulse output of these meters during proving.

Introductiop of small volume \provers, both in operation and design, showed that the stability of the
pulse periofl from a meter " had a significant effect on a result. Instability, or variation in pulse spgcing
or period, does not allow-for accurate pulse interpolation result and hence poor repeatability. Jome
flowmeters| with a high instability were shown to have unacceptable repeatability when pulse
interpolatign was<applied even when a large number of raw pulses were counted. The stability o
pulse periofl is.a function of both inter-rotational and intra-rotational nonlinearity. It is also found|
there is a r¢lationship between the stability of the proving result and the number of revolutions o
meter rotorbet ; i i i Ises,
the resolution improvement through pulse interpolation, and the number of revolutions of the meter
rotor.

In recognition of this, ISO 7278-3[6] recommends a minimum of 100 raw pulses be collected in a pass
before interpolation is applied. It also recommends that each pass corresponds to more than one
complete meter revolution, or intra-rotational cycle.

At this time, it was recognized that the effective volume of a prover is increased by averaging the results
of multiple passes of the prover to provide one reportable result.
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B.3 Issues with electronic based flowmeters

The introduction of electronic-based flowmeters, such as Coriolis and ultrasonic meters, provide pulsed
outputs where the output frequency is not related to the physical behaviour of the meter but is set
or scaled by the user. The K-factor, and hence frequency, is calculated internally and then determines
the frequency of the output based on the calculated flowrate. The flowrate is measured from internal
averaging of a large number of low-resolution measurements. The calculated frequency may then be
set or scaled to provide a high frequency, hence a large number of pulses for a proving pass. This has
allowed the 1-pulse-in-10 000 guidance to be achieved with small volumes. In these meters, there is
no rotational effect. Pulse frequency however varies as flowrate changes. The stability and response
time_of the output frequency to changes in flowrate is based on the computational time, delays and
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bthing within the design of the microprocessor. The time base for this process is very)s
lly available to the user.

ligent amplifiers fitted to turbine, displacement or vortex meters may behavein-a simi
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ration correction factors and increased resolution.
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culty in achieving a stable average within\the flowmeter is due to the inherent low r
brimary measurement or, for ultrasonic) meters, the internal turbulence in the flow
r case the meters provide an accurate volume measurement when averaging is taken
gh period. It can however give riseite poor repeatability over small volumes and times.
e requirement for a larger proving volume than that expected from a similar turbine
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pasing the pulse numbers or tesolution does not improve the repeatability from this source.

Summary

Minjmum volume required to prove flowmeters is a combination of the internal and externg
e meter undef test. Minimum volume is defined as the volume of a pass, or a run whlere the run

of th
prov

The

ides the meafi value of multiple passes.

e is a minimum volume or minimum time between detector actuations that is required

pass

. Thiswalue is critical when sizing certain prover types when used with certain meter te

I resolution

for a single
chnologies,
be provided

e.g. Eroving Coriolis meters using small volume piston provers. These minimum values can
A
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Conventionally five runs were specified as the maximum to establish a criterion for repeatability based
on the range of the results. It is now suggested that a larger number of runs, or passes are used and the
repeatability calculated from the standard deviation of the results.
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Acceptance criteria and performance specification

C.1 General

The purposk of proving a device or system is threefold:
— to estalplish the performance indicator of the device;

— to proyide an uncertainty for the performance indicator and hence uncertdinty of the final
measullement;

— to test 4nd confirm the performance of the device against specified acceptathce criteria.

The perforinance indicator for a flowmeter is usually expressed as error, meter factor or K-factor] and
is determingd by calibration or proving. It may be a single value or a nuidber of values across the range

The uncerthinty of the calibration is a combination of the uneértainty of the reference device| the
uncertainties of the instrumentation associated with the calibration method and the uncertginty
associated yith the results of the calibration.

Any changdg in performance indicator or the variation ih performance indicator across the flowrange
provides a neasure of performance of the device. The‘repeatability of the results at a single condjtion
provides anfadditional indicator of performance.

The conceptt of proving a device infers that-aicalibration is performed and then the results obtalined
are compaied against criteria for acceptance. Acceptance criteria should be specified prior td the
calibration pnd normally specified in company procedures, contracts, regulations or standards.

Reference tp and comparison with the-acceptance criteria is usually carried out during the calibralion,
with uncerfainty being finally asSessed retrospectively.

Three acceptability criteria@re usually referenced: linearity, repeatability and comparison of the result
with previous, or expected, values.

C.2 Lineprity

C.2.1 Gelreral

Linearity is a measure of the deviation of a flowmeter characteristic, or performance indicator, from
a defined functional relationship to flowrate. The functional relationship provides a nominal value at
any flowrate across the measurement range of the meter. The nominal value may be calculated from a
linear relationship or a more complex function to give different nominal values at different flowrates.
The relationship may be theoretical for example the manufacturers specification, or derived from a
calibration data. In practice, it is usually a constant value (linear relationship with slope = 0).

Linearity is expressed as the range of deviation from a chosen “nominal” value, i.e. the maximum (most
positive deviation) to the minimum (most negative deviation) as shown in Formula (C.1).

lin, = Apay = Anin (&Y
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where

lin
A
A

. isthelinearity range of values;

max IS the most positive deviation from the nominal value at that flowrate;

min 1S the most negative deviation from the nominal value at that flowrate.

2:2022(E)

When multiple test points are taken at any one flowrate, usually to determine repeatability, the mean
of each batch of results represents the value at that flowrate. This method provides a realistic estimate
of the linearity.
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re single points are taken at multiple flowrates across the measurement range of the
| . may be estimated by using a “best fit” line placed through the points and taking'th

min

arity is usually expressed as relative to a nominal value and expressed as\a-# percentd
h in Formula (C.2).

Amax B Amin

2XN

in=%

e

in  isthe linearity range of values relative to the chosen nominal value;

/| is the largest (most positive) deviation fromthe nominal value at that flowrate;

max

d is the smallest (most negative) deviationfrom the nominal value at that flowrate

min
IV is the chosen nominal value.

the choice of the nominal value thatdstill-defined in standards and is defined differently
tices. The nominal value can als¢ differ from the nominal value used to define 4, ,, and

e are a number of conventiens used and three have been outlined in C.2.1, C.2.2 and C.}

meter, 4.,
b deviations

ige value as

(C.2)

in different
A

min*

3.

.x and 4 are based(on a function, and not a constant, they should be recalculate
ive to the nominal vdlue at the appropriate flowrate.

P Mid-range-method

conventiomadvised in this document is the mid-range method. This is an implement
pendentlinearity method given in ISO 11631.

hondinal value is calculated by dividing the range of deviations by two, then adding the i
mum value.

d as values

qtion of the

result to the

Amax _Amin

2

N=% +Anin

To calculate linearity, Formula (C.3) is shown to reduce to:

whe

lin=+ Amax _Amin
Amax + Amin
re
lin is the relative linearity;
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A

max

A

min

is the largest (positive) deviation value;

is the lowest (most negative) deviation value.

It is then conventional to express this as a percentage by multiplying by 100 unless the relative

percentage

values of 4 ., and 4, ;, are used as the values.

C.2.3 Average method

This method is only applicable when a constant nominal value is used. The nominal value is defined
as the mean of all points. This is a simple definition and easy to understand; however, it does not fully

represent ah uneven slope of a meter characteristic across the flow measurement range.
C.2.4 Defined value method
The nomingl value is taken as a defined or specified value. This can be the theoretica), value (e.g. meter
factor = 1, error = 0) or the measured value at a specified flowrate, such as mid-range or maxignum
flowrate. It[is possible to use a theoretical function describing the meter performance as the basis ffor a
variable nominal value to be calculated across the flow measurement range.
This option] does encompass the whole performance of the meter; however, it produces significant
misrepresentation of the true definition of linearity if the meter has a systematic offset or bias.
The use of|a value at a specified flowrate, usually the highest ormid-range flowrate also doeg not
represent the linearity across the complete flow measurement range of the meter. It is described hefe as
the method|is specified in some contracts and regulations. Using-a nominal value chosen at the normal
operating (¢r duty) flowrate of the meter, if there is one, doestrave some merit.
C.3 Repeatability
C.3.1 General
When estallishing the performance of a devieeg, it is usually the mean of a number of calibration regults
at a single flowrate which provides the final reportable result. This may be at one flowrate or diffgrent
results repgrted at multiple flowrates:
By taking ajnumber of determinations a mean value is determined and the repeatability of that yalue
established| The expanded uncertainty of this mean, attributed to the repeatability, can be calculated
as shown in Formula (C.5).
ot I
U.=—4 C.5)
N

where

n is the number of measurements;

o isthe standard deviation of the measurements;

t isthe value from the Student's t-distribution for a half range and with (n-1) degrees of freedom

at the chosen confidence level. The values for t at 95 % confidence are given in Table C.1.

The standard deviation is a measure of the spread of the results around the mean value. This uncertainty
pre-supposes the results approximate to a normal distribution and the number of results is adequate to
determine a reliable standard deviation.

To give a reliable, statistical result many (>20) measurements, should be taken however generally U,
converges within 10 measurements to a representative value for flow and volume applications.
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Itis recognized that the time taken to obtain a large number of measurements may be impractical due to
time, cost and the ability to maintain stable conditions. Different methodologies have been established
to provide acceptability criteria and uncertainty estimates. These have become accepted practice based
on experience and knowledge of the proving process and devices.

One acceptance criterion is based on the repeatability based on the range or spread of results calculated
by subtracting the smallest result from the largest result. This difference is then be divided by the mean

of the results and then this may be expressed as percentage of the mean as shown in Formula (C.6).
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(C.6)

e standards and procedures, notably API MPMS documents, define range as the differe
he smallest value rather than the mean. For fluid measurement this isQunlikely t
ficant difference but in circumstances where acceptance is marginal, it may be import
pn, the definition of the convention used should be stated in specifications; certificates §

P Repeatability from consecutive results

ptability criterion is defined as being the range or spread of a specified number
rentionally this is a relatively small number, three or five, consecutive results depen
jcation.

advantage of this method is simplicity. By applying well-known and established ted
k and easy measure of acceptable performance.isdefined. Experience and established

shown that the required number of results\give confidence that the device is per
cted. Itisrecognized that some results, particularly the first result(s) of a calibration, m
equirements due to instability in the proving conditions. It is therefore accepted that s

duce the chance of disguising a nonsrepeatable meter, i.e. continuing testing until ac
bved by chance.

number of these preliminary. results should be indicated on the proving report and
ned in the operator records: The preliminary results are not normally required to be

acceptability of thé-method assumes a prior knowledge, based on experience and hisf]
acceptance.ctiteria is specified by the application. It is industry practice to define accq

lation orContract agreement. Generally the expectations are:

Custody transfer and fiscal meters - range of 0,05 % (0,025 %) over 5 repeat runs.

re K., and K,,;,, are the largest and smallest values respectively and K is the meafn Vallue

nce divided

provide a
aint. For this
ind reports.

of results.
ding on the

hnologies a
procedures
forming as
ay not meet
pme results

eding the acceptable set are discarded.-The number of such results allowed, should e specified

ceptance is

the results
reported in

ory, of both

ptability in

raver base volume by master meter — range of 0 02 % aver 5 repeat runs

Prover base volume by water draw - range of 0,02 % over 3 repeat runs.

Formula (C.5) gives an unrealistically large estimated uncertainty which does not reflect what is
expected. This large uncertainty is resultant from the small sample size giving a large standard
deviation and value for the Student's ¢-distribution. Formula (C.5) usually gives an overestimate of
uncertainty but may also give a significant underestimate if, by chance, the results have a very small
range.

Recognizing that the acceptance criteria has been derived from significant knowledge of the expected
performance of these devices when they are proved using specified methods and if the consecutive runs
method is employed, the expanded uncertainty of the mean is calculated from the acceptability range
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(criterion) rather than the measured range when the acceptance criterion has been met. Formula (C.7)
expresses the calculation of expanded uncertainty.

R
U

r

where

U,

r

R

a

a

22\/n

is the expanded uncertainty;

is the acceptability criterion value for the range for n measurements.

(C.7)

This is basq
number of 1
give confidg

The probal
would be c3

C.3.3 Cor

Unidirectio
reportable

Bidirection

d on two assumptions. Firstly, the acceptance criteria have been met without a sighifi
ejected results. Secondly, the method and the meter have significant history, which w
nce that meeting the criteria shows acceptable performance.

ility distribution would be assumed to be rectangular, hence the staridard uncertz
Iculated by dividing by V3.

jsecutive results from multiple measurements

hal pipe provers use each pass of the displacer to establish the volume - each pass being
"esult (run).

h] pipe provers use two passes to establish the volume to make one reportable r

effectively i

Small volu
flowmeters
flowrate, t}
but instead
effectively

repeating t
consecutivg

The numbe
within a ru

number of passes is then fixed and 11sed for all subsequent runs. Acceptability of the number of p4

is usually a
passes may

The numbe
each run. T
calculated f

Uncertainty

|

creasing the volume used to provide that result.

e provers may be operated as conventionallor reduced volume provers for sm
with stable pulsed outputs. When used tocalibrate flowmeters with a larger volum
ey often do not provide a repeatable resiilt based on individual passes (measuremg(
rely on a much larger number of passes, to provide a single reportable result (run).
increases the measurement volume_of the prover. Repeatability is then calculate
hat number of runs. The acceptance’ and uncertainty are then taken as described fo
results method but using the resuilts from multi-pass runs.

- of passes required may be'determined by examining the standard deviation of the re
n and is generally established during a preliminary run or from previous experience.

thieved for between-5-and 10 passes and, only after investigation of possible faults, up
be allowable.

r of passes wsed should be reported on the certificate along with the mean result
he individudl pass results are not required to be reported; however, the standard devig
por each-trh may be reported as an option.

is'calculated as for the consecutive results method using Formula (C.7).
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The method has the disadvantage that much of the information provided by the individual pass results
is not utilized. Either taking the standard deviation of all passes or combining the standard deviations

of each run

would provide a more satisfactory analysis.

C.3.4 Statistical methods

C.3.4.1 General

The acceptance criteria may be expressed as an uncertainty rather than a range. This allows for the
number of runs used to derive the result to be variable.

Although it is acceptable for more traditional flowmeters to use a range-based criteria, a statistical
approach is recommended to establish repeatability. This is particularly recommended for flowmeters
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based on electronically calculated outputs requiring larger volumes to establish repeatable
measurements when calibrated using the limited volume available from a prover. It is also useful when
a small volume prover is used. The approach allows for more measurements to be utilized without the
restriction of requiring a relatively small number of consecutive results to be within the acceptable
range. The method is described, with examples, in NORSOK 1106 [171 and NORSOK 1105:20077), Annex F
[16] which provides examples.

The acceptance criterion is specified as the repeatability uncertainty of the mean, as given in
Formula (C.5) and is specified by regulation, contract or procedures. The value specified is often
coincident with the uncertainty criterion matching to that traditionally attributed to the range of
consecutive results.

There are two statistical methods employed: the uncertainty test method, where tests are repeated
unti] the uncertainty meets the criterion, and the uncertainty range method, wherg'a)riterion is the
range of the results and is variable depending on the number of runs used.

C.3.4.2 Uncertainty test method

The jacceptance criterion is specified as an uncertainty. Test points or ptoyving runs are repeated until
the yincertainty is less than the specified acceptance criterion. Thesexruihs would be single passes of a
unidirectional prover or two passes (round-trip) of a bidirectional prever.

Uncgrtainty for each batch is calculated as described in Formuda)(€C.5) and expressed as a pgrcentage of
the ean value.

A mlinimum of three runs would be the minimum required. Fiscal and custody tramsfer meter
regylations normally specify a minimum of five valid’ runs to be completed before the|acceptance
critdrion is examined. A minimum of 6 to 10 would bé-advised to provide a better statistical|sample and
redyce the probability of an atypical result.

The |results should show a clear reducing ¢rend in the uncertainty value across the set of runs. It
is r¢commended that 10 runs are thesmaximum used before investigation is carried jout and an
undé¢rstanding of why the criterion hds'riot been met. The total maximum number of rung should not
exceed 20.

The [use of established outlier-testing can be used to identify and remove unrepresentative results.
Dixdn’s Q-test or Grubbs' extreme outlier tests are recommended.

To uke this method, it is-kecommended that one preliminary result is taken and discarded|if required.
The fesult and the uncertainty is calculated from the remaining results.

Thete is a dangef2in’this method that, by chance, an acceptable result is obtained after the minimum
numper of runsytThis may be unrepresentative with the uncertainty increasing if more runis are taken.
Itis good practice to take at least one additional run after acceptance is achieved to ensure that stability
of thee result-has been achieved.

The [individual run results are reported along with the mean, standard deviation and ungertainty. A
preliminary run should be recorded and reported as having been carried out, but it is not necessary
to report the result. Results removed after application of outlier testing should be reported in full and
marked accordingly.

C.3.4.3 Uncertainty range test

Although a mean is as simple to calculate as a running average, standard deviation is not such a trivial
calculation. It is easier, in the field, to utilize a range criterion based on an unknown number of runs.
This method follows the same procedure as the uncertainty test method, the difference being the
criterion is based on a range required to obtain an acceptable uncertainty.

7) Withdrawn.
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API MPMS:1985, 13.1[18], API MPMS:2018, 13.2[1%1 and API MPMS:2013, 4.8[20] suggest factors to provide
the range required to meet an uncertainty criterion. The factors were taken from standard statistical

methods in

References [21], [22] and [23].

The standard statistical technique applies to larger sample sets and to the mean range of a number of
sample sets (sized between 6 and 10), each having a number of measurements (sized between 6 and

12).

The API standards[18]-[20] suggest the factors can be used with enough confidence applicable to flow
measurement applications with fewer measurements than would be required by the standard statistical

methods.
Using these|methods, a range can be calculated for any specified uncertainty criteria and for any|given
number of funs. For a given uncertainty acceptance criteria, a table of range criteria can(thérg¢fore
be construgted with increasing numbers of runs. This table can then be consulted duringla praving
operation gnd the number of runs increased until the criteria is met. If the estimated“uincertginty
is subsequ¢ntly required to be calculated, this would be determined based on’\the results|and
Formula (CJ5).
To calculatg the range values, the relationship between standard deviation iscdefined in Formula [C.8)
as.
R |
o=— C.8)
d
where
d isthe factor to estimate standard deviation from range of values;
R isthe range.
From the Formulae (C.1) and (C.5) the acceptable range (R,) can therefore be calculated from
Formula (CP).
U,d,~n
R, =21 (C.9)
tg-1).p
By re-arranfging (C.9) uncertaintyis given by Formula (C.10)
Rjtn_1
U, =—4n (¢.10)
*djvn
Formula (Cf8) can b€ educed to provide a range-to-uncertainty conversion factor using Formula (J.11).
U, |twayp
J=—"Hd—= (€.11)
Ra dll \/;
where
] is the Range to uncertainty conversion factor;
U, is the acceptable uncertainty;
d, is the factor for n measurements;
tn-1),p is the Student's t-value for n-1 measurements and the chosen probability, P, (95 %).

To calculate the allowable range, or spread, of values for a given number of runs, it is simply a case of
dividing the required uncertainty by the appropriate value of J.
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Where the range of values for a specified number of consecutive runs has been specified as the
acceptability criterion, in earlier standards or specifications, the equivalent uncertainty can be

calculated from Formula (C.12).
— Ratn—l

* d n

For fiscal and custody transfer meters the range has been traditionally specified as being five runs

falling within arange of 0,05 % (0,025 %). From Formula (C.10), the acceptable uncertainty is calculated

as 0,027 %. For lower accuracy flowmeters a traditional acceptance based on three consecutive runs is
0,05 %. This gives and uncertainty criterion of 0,073 %.

U (C.12)

Tablp C.1 provides a summary of the uncertainty criteria for 0,027 %, 0,035 %, 0,05 % and’0,10 %, and
the humber of runs used to provide the calibration. The values correspond to themonsequtive range
critdria formally used.
Table C.1 — Uncertainty and range table
No| of runs t(n-1) Range Range to SD Range | Range | Range | Range | Range
P(95%) | toSD | uncertainty = U= U= = = =
0,05 factor factor 0,027 0,027 0,035 0,05 0,078 0,1
n ¢ d ] o R R R R R
% % % % % %
2 1,128
3 4,3027 1,693 1,467 0,009 | 0,018 | 0,024 | 0,034 | 0,050 | 0,068
4 3,182 4 2,059 0,773 0,017 0 0,035 0,045 0,065 0,094 0,129
5 2,776 4 2,326 0,534 0,021 7 0,051 0,066 0,094 0,137 0,187
6 2,570 6 2,534 0,414 0,0257 | 0,065 | 0,085 | 0,121 0,176 0,241
7 2,446 9 2,704 0,342 0,0292 | 0,079 0,102 0,146 | 0,213 0,292
8 2,364 6 2,847 0,294 0,0323 | 0,092 0,119 0,170 0,249 | 0,341
9 2,306 0 2,970 0,259 0,0351 0,104 0,135 0,193 0,282 0,386
10 2,262 2 3,078 0,232 0,037 7 0,116 0,151 0,215 0,314 0,430
11 2,2281 35173 0,212 0,040 2 0,128 0,165 0,236 0,345 0,472
12 2,2010 3,258 0,195 0,0425 | 0,138 0,179 0,256 | 0,374 | 0,513
13 2,1788 3,336 0,181 0,0447 | 0,149 0,193 0,276 | 0,408 0,552
14 2160 4 3,407 0,169 0,046 8 0,159 0,207 0,295 0,431 0,590
15 2,144 8 3,472 0,159 0,048 8 0,169 0,219 0,313 0,458 0,627
16 2,131 4 3,532 0,151 0,0507 | 0,179 0,232 0,331 | 0,484 | 0,663
17 2,1199 3,588 0,143 0,0525 | 0,188 | 0,244 | 0,349 | 0,509 | 0,698
18 21098 3.640 0137 0,054 3 0,198 0,256 0,366 0,53 0,732
19 2,1009 3,689 0,131 0,056 0 0,207 0,268 0,383 0,559 0,765
20 2,093 0 3,735 0,125 0,057 7 0,215 0,279 0,399 0,583 0,798
21 2,086 0 3,778 0,120 0,0593 | 0,224 | 0,290 0,415 0,606 | 0,830
Key
t Student’s t- value
P probability
SD standard deviation
U expanded uncertainty at 95 % probability
R range of values
NOTE This table has been extended from n = 20 to n = 25 for information.
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Table C.1 (continued)

P probability

t Student’s t{value

SD standard|deviation

R range of vdlues

U expanded pncertainty at 95 % probability

NOTE This thble has been extended from n = 20 to n = 25 for information.

No. of runs t (n-1) Range Range to SD Range | Range | Range | Range | Range
P(95%) | toSD | uncertainty U= U= = = = =
0,05 factor factor 0,027 0,027 0,035 0,05 0,073 0,1
n t d J o R R R R R
% % % % % %
22 2,079 6 3,819 0,116 0,0609 | 0,233 0,301 0,431 0,629 0,861
23 2,073 9 3,858 0,112 0,062 4 | 0,241 0,312 0,446 | 0,651 0,892
24 2,0687 3,895 6,168 60,0639 T 0,249 0,323 6,461 07673 0,922
25 2,0639 3,931 0,105 0,0654 | 0,257 | 0,333 0,476 0,695 ,_Q‘QlGSZ
Key

C.4 Acciptance criteria

C.4.1 General

The acceptance criteria for any particular proving opération are specified by regulation, contra¢t or
company pfocedures. There are however some common expectations used across the Petroleum

industry, pqrticularly for fiscal and custody transfer-applications, which are given for guidance.

C.4.2 Acdeptance criteria for the calibration of a pipe prover

Table C.2 gives a summary of the acceptance criteria expected from industry practice and alternative

standards.
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Total ded Shift from
otal expande i
Calibration methodology Repeatability previous
uncertainty calibration
g
U No of runs 2 Range b
% % %
Conventional prover by water 3
draw
" . 0,035 ¢
S[ 14l VUOIUIIIC pIrovel Dy Wdtt,'l 5
draw
Conventional prover; sequential
master meter method 4 0,02 0,05
(pre-post factors)
Conventional prover; 005 5 f
Confurrent master meter method
e
(simultaneous factors)

a
othe
b

prec
grea

For all methods, one run or batch of runs may be required to be at a nfinimum flowrate of 20 % diffe
s,
Prover calibration criteria is almost exclusively specified as being*the range of consecutive results. '

ude uncertainty being the criteria specified. Achieving 3 runs within 0,02 % range usually results in a
Ler than 0,01 % as described in C.3.2.

[he expected total uncertainty in determining the base velume is usually in the range 0,03 % to 0,04 %
quipment used and the conditions under which the calibration is carried out.

C
the 4
d

post
0,02

When the sequential master meter method is used\te’calibrate a prover, the meter factors are determ
prover calibration. Each determination would be taken from a minimum of 5 tests with repeatability wit
%. The mean pre- and post-values of meter factor'should also agree to within 0,02 %.

When the concurrent master meter methdd)is used to calibrate a prover, the mean meter factor is det|
um of 5 measurements in each pass(f the prover under test, with a repeatability range of 0,02 % or

he change in base_volume from previous calibration may be specified as an indicator of the st
Conyentionally, a shift in base volume of greater than 0,05 % results in suspension of the calibration while p

contfjnued oxrepeated, usually at a different set of flowing conditions (usually a change in flowrate of 25
this kalibration agrees with the first calibration to within 0,02 %. The second calibration may be conside
meagurédwalue reflecting a genuine change in base volume. The certificate issued should show the change in
the grevious and an explanation of the remedial actions taken.

r. Ideally, any,change in base volume should not be greater than the expected uncertainty of each re

are ihvestigated™Once all parties are satisfied that all practical remedial actions have been taken, the calibj

Fent from the

'his does not
D uncertainty

depending on

ned pre- and
hin a range of

ermined by a
U, 0,01 %. In
naminimum
nonitoring of
mean factors

overall mean

bility of the
ported value.
ssible causes
ation may be
©). Providing
red to be the
volume from

C.4.3 Acceptance criteria for the calibration of flowmeters using a pipe prover

The acceptability criteria for the calibration of flowmeters using a pipe prover as reference are

summarized in Table C.3.
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Table C.3 — Acceptance criteria for flowmeters

Standard Range Linearity Repeat. Repeat.
consecutive uncertainty

OIML R1172 class 0.3 10:1/5:1 +0,3 % +0,12 %
OIML R 117 class 0.5 10:1/5:1 +0,5% +0,20 %
API MPMS Chapter 4 (superseded) b +0,025 %
IS0 7278-2:1988 +0,025 %
EI HM12 +0,025 %
NORSOK 1105 to-1/5% 6;25967/0;15% =0;0259 =0;027 %
NORSOK 1146 ¢ +0,025 % +0,027%
API MPMS chapter 4 (current) d +0,025 % £0,027 %
a2 OIML dog¢s not specify linearity however requires all test points to be within a range +0,3 % or +0,5,% of the "frue”
value. Repeatiability is specified as 2/5 of the class value.
b The repeptability value in API MPMS chapter 4 is now superseded. It applies to the calibration.df meters by pipe pfjover
at one flowrage.
¢ NORSOK|1105M5] specifies range and linearity values however these are no longer specifiedyin NORSOK 110616,
d APl havel|adopted the statistical range specification for repeatability.
¢ Withdrayn.
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Annex D
(informative)

Troubleshooting

General

er and the calibrations of meters using the prover. Changes from a previous result, in
in results, or a common change in the calibration of different meters all givélindicati
ntial problems are to be found. For this reason, full records of all calibratiens should
bmatic way.

main indication of problems is manifested through abnormal results being obtained. ]
Fidual measurements, results within a batch of measurements,«0t’results significant
those previously recorded.

L of the sources of problems are common to both the calibration of provers and/or

field. However, considerably more effort is required for the elimination of faults du
ration due to the tighter tolerances involved and the.risk of an incorrect result bein
iderable time thereafter.

L finding is rarely straightforward and if a fault is detected or suspected, itis not always i
rif it is with the prover, the reference systemptised to calibrate, or the meter being calib

first manifestation of a problem is oftena failure to obtain the expected repeatability. ]
lack of repeatability should be rectified first. Secondly an unexpected change prove
meter K-factor may be evident. Poténtial causes to be considered are listed.

Air in the system

[y repeatability problems-can be overcome by ensuring that all the air/gas in the syste
pved.

bleshooting actions include the following:

F.stablishingflow through the system and cycle the displacer around the prover several
bpeningleach of the vents, in turn allowing sufficient time for air to escape. The end ch
bftensnatural traps for pockets of gas and should be completely vented, along with any of
[raps for gas between prover and meter (or prover and master prover).

2:2022(E)

of the keys to successful troubleshooting is the availability of records of past calibra|tions of the

dications of
bn of where
be kept in a

'his may be
ly different

their use in
ring prover
r used for a

mmediately
rated.

[he reasons
 volume or

m has been

imes before
ambers are
her natural

f problems persist, it can be due to other forms of air/gas entering the system. Entra
be drawn into a system through poor pump gland seals or through the misalignment of

ned air can
inlet/outlet

hoses in a reservoir. Flashing due to cavitation can result in gaseous bubbles passing through a

meter after a partially open valve or other fitting causing a local drop in pressure.

Instability of temperature and/or pressure within the system

Results that drift upwards or downwards as the exercise proceeds are usually a result of gradually
changing flowing conditions, the most prevalent being a drift in temperature or viscosity.

Troubleshooting actions include:

Running fluid for longer to obtain temperature stability.
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D.4 Instability of pressure within the system

Insulating and /or protecting the entire system to protect it from direct sun, wind or frost.
Reducing the interface inventory i.e. pipe length, between prover and meter (or master prover).
Requesting the site operations team keep flowing conditions as steady as possible.

Scheduling a better time to perform the work, for example early morning or early evening when the
sun is not directly heating the fluid and pipework.

When running from storage tanks, ensuring there is sufficient time to complete the exercise before
a tank changeover is scheduled.

Fluctuating|pressure can result in inconsistent displacer movement and/or inconsistent line packifpg in

the interface inventory.

Troubleshopting actions include:

D.5 Error in tank volume measurement

Examining supply pumps and control valves to improve stability, avoid situdtions where the [flow
control|system is constantly "hunting” up and down trying to achieve stability.

Monitofing flowrate in the system as the displacer travels through-the pipe to ensure no stictign or
judderipg. This can often be "felt" in the pipework rather more reéadily than it can be observed|on a
display

For a wpter calibration of a sphere prover, it is common practise to apply a thin layer of heavy grade
grease pr lubricant to the sphere in order to smooth itspassage around the barrel.

Any change in the volumetric measure which would affect the calibrated volume of the tank is passed
directly to [the determination of the prover volume resulting in a change in the base volume of the

prover, orr pference meter.

Troubleshogpting actions include:

D.6 Error in temperature, pressure and density measurement

Prior t¢ use, checking the tank for external damage, internal damage, leakage, scale adjustment,
spirit lgvel alignment and contamination.

When top loading int aprover tank, considering the potential for liquid to splash out of the peck
due to hackdraughtThis can be a limiting factor in the calibration flowrate.

Errors in cn{‘nndqry instrumentation dirnr‘ﬂy affect the results of proving, the highnr the thermal

expansion and compressibility coefficients of the fluid, the greater the potential error.

Troubleshooting actions include:

84

Ensuring instrumentation has a valid calibration, correctly located in the flowing stream and
connections are correct.

Checking thermometers and thermowells have adequate immersion depths and that thermowells
have adequate heat transfer paste/liquid.

Performing spot checks against a reference thermometer. This is done by using a reference
thermometer in a spare thermowell with flow passing through the system. If a spare thermowell is
not available, the thermometer would be removed and placed in a vacuum flask with the reference
thermometer.
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Checking pressure instruments and pressure tappings for leakage, or vent impulse lines blocked.
Performing spot checks against a reference gauge or calibrator.

For volumetric calibrations, density is a second order effect but should be measured by in-line
densitometer or by lab analysis of a representative sample taken at the time.
D.7 Malfunction of critical valves

Four- -way valves, 1nterchange valves and piston poppet valve seals should be fitted with a means to
established

her valves deemed to be critical in the system, such as vents, drains, valves between p
tion valves, pressure relief valves and sample points, should either be fittéd, with a
devife (e.g. a tell-tale sight glass) or have some other means to positively isolate the line (e.g

blindl fitted downstream of the valve) or run to a visibly "open tundish" device.

rover stubs,
leak check
a spectacle

isol

Valve leakage can be repeatable and therefore not immediately obvious.during the calibratjon but does
resuflt in a change in base volume from previous calibration results.

Troybleshooting actions include:

Checkingall critical valves periodically by site personnel,e€specially when preparing for ajcalibration.

[.eaking valves inevitably leads to delays while repairs/modifications are undertaken.

t is possible to cure a leak in a motorised valve b{resetting the "torque” or "limit" se
fhan replacing the seals.

tting rather

t can be necessary to check hydraulically.eperated valves to see if pressure is applied
[not ebbing away over time) or can requixe the hydraulic power to be increased.

constantly

Block and bleed (twin seal) valves should be checked in the open position (to ensure the]
vent line are not blocked) and ¢hen again in the closed position (to ensure the valy]
correctly).

vent valve/
e is sealing

Four-way valves should be ¢hecked in both sealing positions.

Critical valves should be monitored periodically throughout the calibration.

Where a critical&alve is not fitted with a leak check system, and it is not possible to fit
possible to iselate a portion of the line by closing a valve further downstream and open
between the two closed valves to monitor there is no build-up of pressure.

n circumstances where a valve cannot be checked, rather than abort the operation, it
with the agreement of all parties, to continue with the calibration and if acceptable
bbtained annotate the final certificate highlighting the deficiency. However, it is not a

h blank, it is
ngaventin

is possible,
results are
rceptable to

CATTy O Witlr a catibration i the knmowtedge tiratacritical vatve fsteaking:

D.8 Malfunction of solenoid valves

In a water draw calibration the solenoid valve is a critical valve and should be leak tight. It should also
shut off flow rapidly and in a repeatable manner.

Troubleshooting actions include:

— Before the calibration commences, running the sphere past the detector (or manually gate the
detector switch) several times and checking the solenoid valve for valve chatter, leakage and a
repeatable delay time from switch actuation.
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D.9 Damage or under-inflation/ over-inflation of sphere displacers

A sphere type displacer in good condition provides a good seal and runs smoothly through the
calibrated section of a prover, especially around the bends where the pipe cross section may not be
perfectly round or where sections of the internal lining may have been lost.

A damaged, distorted or under inflated sphere may allow slippage of liquid past its "sealing band". It
may also affect the repeatable triggering of the detector switch.

The surface of a sphere left immersed in product for a long period may be affected by the liquid and
have gone "soft". This may well have an adverse effect on its ability to seal correctly and also trigger
detectors cgrrectly:

A sphere thpt has been over-inflated, possibly in order to try and get a good seal, may not runsmoqgthly
around the prover and "judder" at the detector causing poor trigger point repeatability.

An over inflated sphere may not seal correctly as it can be too rigid to "mould” inte the ovality| of a
pipework bend. Again, this may be felt as juddering while the sphere travels around ‘the bend.

Troubleshogting actions include:

— The sphere should be removed and checked for damage, distortion, hardness and size befor¢ the
calibration.

— While femoved, the sphere may be checked for a burst or leaké¢by temporarily overinflating and
looking for leakage. Over inflation of a sphere is usually only to:1'% to 2 % above the design inflaftion.
The sphere is then deflated to the required diameter before reinstallation.

— Where plippage past the sphere is suspected, a number, of runs at several different flowrates mgy be
performed to see if the volume changes as flowrateis‘changed.

— Where |poor repeatability is an issue, over inflating the sphere by a percent or two above dgsign
during [the calibration may improve perfermance however it would be most unusual to keep
increasfing the size past 6 % oversize.

— A larger diameter prover may well, require a sphere that is oversized by a larger percentage to
mainta|n an adequate sealing band:

— On occgsions, a softer polychloreprene (neoprene) sphere can help the calibration repeatability, but
once thee prover calibration is.complete, it is replaced by a harder polyurethane sphere of the §ame
size forlnormal operatignal-ise. The softer sphere is stored appropriately for future use.

D.10Displlacer is frequently found to be damaged, degraded or burst

The specifigation.of the sphere material should be reviewed in conjunction with the fluid produlct(s)
specificatior, to.ensure it is compatible.

The prover may be poorly finished, with intrusive pipe fittings, pipe welds not ground down fTush with
the barrel or misaligned flanges. Wear corrosion or damage to the lining may also cause sphere wear or
leakage.

The velocity of the sphere may have been at some time above the design specification of the prover,
damage being done as the sphere arrives at the end chamber.

Over inflation increases the internal pressure and allow leakage or failure of the inflation valve
resulting in the sphere deflating. A larger (deflated) size sphere should be ordered.
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