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Petroleum and liquid petroleum products — Calculation

of oil quantities —

Part 2:
Dynamic measurement

0 Introduction

Before the compilation of this publication, words and expres-
sions emplgyed in dynamic measurement calculations were in-
terpreted sl|ghtly differently by different people, and there was
a lack of coherence in their use. In addition, because data were
spread ovef so many standards, there was difficulty in readily
comparing the finer points of calculations.

Rules for rpunding, and the choice of how many significant
figures entdred each calculation, were open to a variety of inter-
pretations. |For different operators to obtain identical results
from the spme data, the rules for sequence, rounding and
significant figures have to be defined. This International Stan-
dard aims, gmong other things, at defining the minimum set of
rules requirgd. Nothing in this International Standard precludes
the use of more precise determinations of temperature,
pressure arjd density or the use of more significant.digits, by
mutual agr¢ement among the parties involved.

This Interngtional Standard aims at consolidating and standar-
dizing calcylations pertaining to the metefing of petroleum li-
quids, and |at clarifying terms and expressions by eliminating
local variations of such terms. Thepurpose of standardizing
calculationy is to produce the samé.answer from the same data
regardless ¢f the computing system used.

Although ISO/TC 28 standards use 15°C as a standard
reference tgmperature, it\issrecognized that individual countries
may use other referénce temperatures, for example 20 °C,
12 °C or 6(Q °F.

This standdrd = sets minimum levels of accuracy for industrial
calculations,—bat—i i i i o-set-ti

petroleum quantities. Where two or more terms gre customarily
employed in the oil industry, for the same quantity, a preferred
term is selected.

This International Standard also specifies the equations which
allow the values(of correction factors to be computed. It also
gives rules fonthe sequence, rounding and significant figures to
be employed in a calculation. It provides tables jwhich may be
used to\leok up specific correction factors shpuld it not be
desired- to calculate them by manual as well| as computer
methods. The calculation of prover base volumes, meter fac-
tors and measurement tickets is also covered.

The field of application of this International S
volumetric measurement of liquid hydrocarbon
quefied petroleum gases, by meter and prover.
clude two-phase fluids (though it may be found
situations) except in so far as sediment and watei
in with crude oil.

2 References

ISO 91-1, Petroleum measurement tables —

andard is the
E, including li-
t does not in-
useful in such
may be mixed

Part 1: Tables

based on reference temperatures of 15 °C and [0 °F.

ISO 2715, Liquid hydrocarbons — Volumetric m:
turbine meter systems.

asurement by

ISO 5024, Petroleum liquids and gases — Ma@asurement —

Standard reference conditions.

quirements, it is important to demonstrate whether such re-
quirements can be met. Future technological progress in meter
proving and operation may justify a tighter specification for
calculation procedures.

1 Scope and field of application

This International Standard defines the various terms (be they
words or symbols) employed in the calculation of metered

1) At the stage of draft.

ISO 7278-2, Liquid hydrocarbons — Dynamic measurement —

Proving systems for volumetric meters —
provers. 1)

ISO 8222, Petroleum measurement systems —

Part 2: Pipe

Calibration —

Temperature corrections for use with volumetric reference

measuring systems.

ISO 9770, Petroleum products — Compressibility factors for
hydrocarbons in the range 638 kg/m? to 1 074 kg/m3.1
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3 Definitions

For the purposes of this International Standard, the following
definitions apply to the terms used herein:

3.1 base volume: The volume of a prover under standard
conditions.

3.2 indicated volume: The change in meter reading that
occurs during a transfer through the meter.

4 Hierarchy of accuracies

4.1 Purpose and implications

4.1.1 There is an inevitable, or natural, hierarchy of ac-
curacies in petroleum measurement. At the top are volume
standard measures which are certified by a government agency
or laboratory traceable to the appropriate national standard.
From this level downwards, any uncertainty at a higher level

3.3 K-factor:|The number of pulses generated by a meter for
a unit of volumg delivered.

gulses generated by meter

K-factor = -
volume delivered by meter

3.4 measurement ticket: A generalized term for the writ-
ten acknowledgment of the receipt or delivery of a quantity of
crude oil or petroleum product, including a record of the
measurement dgta (see clause 9). It may be a form to be com-
pleted, a data print-out or a data display depending on the
degree of autogation, remote control, or computerization.
Previously described as “‘run ticket” and “receipt and delivery
ticket”.

3.5 meter fagtor: The ratio of the actual volume of liquid
passed through p meter to the volume indicated by the meter.

volume passed through a meter
volume indicated by the meter

Meter factor|=

3.6 net stan@ard volume: The total standard volume
(see 3.9) minus the volume of water and sediment transferred
through the meter.

NOTE — For clea'E, refined products, the tetal standard volume and
net standard volufne are usually equal.

3.7 reading: £eter reading: The instantaneous display of
meter volume (see /indicatéd volume).

3.8 standard |(reference) conditions: For the measure-
ment of petroleum-and its products, these are a pressure of

Whether such systematic error will be positive or(nggative is
unknown; either is possible.

4.1.2 To expect equal or less uncertainty at a lowsr level of
the hierarchy than exists in a higherdevel is unrealistic| The only
way to decrease the random component of uncertainty in a
given measurement system (©ry method is to increase the

value can be larger in the)upper levels of the hierarchy than in
the lower levels.

4.2 Hierarchy

4.2.1 "The hierarchy of accuracies in this standard| is struc-
tured, in general, as shown in table 1.

4.2.2 This standard gives rules for rounding, trunchting and
reporting final values for each level of the hierarchy.

5 Principal correction factors

5.1 Purpose and implications

5.1.1 Designation of correction factors by symbol rdther than
by words is recommended because, first, it abbreviptes their
expression; second, it allows algebraic manipulationg; third, it
indicates their similarity subject only to the particulag liquid or
metal involved; and fourth, it can more readily elimingte confu-

101,325 kPa (1,013 25 bar) and a temperature 15 °C, with the
exception of liquids having a vapour pressure greater than at-
mospheric pressure at 15 °C, in which case the standard
pressure is the equilibrium vapour pressure at 15 °C (see
1SO 5024).

3.9 total standard volume: The total volume at standard
temperature, also corrected to standard pressure.

3.10 total volume: The indicated volume multiplied by the
appropriate meter factor for the liquid and flow rate concerned,
without correction for temperature and pressure. It includes all
water and sediment transferred through the meter.

sion, as for example the difference between the compressibility
factor F of a liquid and the correction factor Cp|, which is a
function of F.

There are six principal correction factors employed in calcula-
tions of liquid quantities.

5.1.2 The first of these six correction factors is the meter fac-
tor MF, a non-dimensional value which corrects the volume in-
dicated on a meter or meter accessory to the actual volume, be
that volume a raw or corrected volume (see clause 7). In some
instances, the K-factor is used in place of or along with the
meter factor (see clause 8).


https://standardsiso.com/api/?name=8ca2d58e7cdf89617c0e4e3dc5b1f4a0

ISO 4267-2 : 1988 (E)

Table 1 — Hierarchy of accuracies

Correction Numb P Temperature and
Hierarch factors and um f_er o pressure
Clause level 4 intermediate s'dg_"', |c'ant determination,
calculations 'gl'ts n for entering
to volume calculations, to
Prover 0,05 °C
. 1 )
6 calibration 6 decimal places 5 50 kPa2
Meter . 0,25 °C3)
7 factor 4 decimal places 5 50 kPa2)
8 K-fac 4 decimal 0.20 "L
actor ecimal places 5 50 kPa2
Measurement . 0,50 °C3
9 tickets 4 decimal places 5 50 kPa2

1) When water is used as the calibration liquid, correction factors for the effect of temperature and.pressure on
the calibrating liquid to 6 decimal places are used.

When a hydrocarbon is used as the calibrating liquid, correction factors for the effect|of 'temperature and
pressure on the calibrating liquid shall be calculated using the procedures referred/to, in 1SO 91-1. Factors
calculated using ISO 91-1 will be limited to 5 significant figures (4 or 5 decimal places);-Cases may arise where
calibration personnel do not have the capability to calculate ISO 91-1 values but, do, have access to the printed
tables referred to in ISO 91-1. Under these conditions, linear interpolation of the-tables over a limited span is ac-
ceptable for use in correcting for the temperature difference between master meter and prover during calibra-
tion.

2) In all hierarchies above, pressures shall be read, recorded and rotnded to the nearest 50 kPa (0,5 bar).
Where the gauge scale permits a closer tolerance, readings should be read, recorded and rounded to the nearest
gauge scale division.

3) The use of a temperature determination device that can.perform to a more stringent determination level than
outlined in table 1 is acceptable provided that the installation; maintenance, operation and calibration practices
are adequate to ensure performance to the level chosen:

5.1.3 The| next four correction factors employed-in“calcula-
tions of liquid quantities are needed because of“changes in
volume frdm the effects of temperature and\ pressure upon
both the dontaining vessel (usually made~ef 'mild steel) and
upon the liquid involved. These four corfection factors are:

Cys (or|CTS) ... the correctionfactor for the effect of
tempergture on steel (see 5.2)

Cps (or] CPS) ... the(Correction factor for the effect of
pressurg¢ on steel (se€;56:3)

Cp {or| CPL) .5 the correction factor for the effect of
pressur¢ ondiquid (see 5.4)

gramming and is convenient in typing. In such cases, M for
measure shall be SM while m for meter shall b¢ M.

5.1.6 The method for correcting volumes by 2 pr more factors
is to first obtain a CCF (combined correction factor) by
multiplying the individual correction factors together in a set se-
quence, rounding at each step. Only then multiply the volume
by the CCF. The set sequence is MF, C, Cps, (), Cyand Cg,,
omitting any factors that may not be required in the calculation.

NOTE — This is considered the theoretically correct $equence for ap-
plying the six correction factors. However, it is ackngwledged that, in
some cases where mechanical or electronic devices gre used to apply
one or more of these factors, the order may be ¢hanged. This is
especially true of temperature-compensated meters.|However, if the

C, (or €FE——the—correction—factor—for—the—effectof ——correction—factors—are—determined—using—the——correct basis of

temperature on liquid (see 5.5)

5.1.4 Finally, there is a correction factor Cy,, (or CSW) for ac-
counting for the presence of sediment and water in crude oil
(see 9.3.1).

b.1.6 Additional subscripts may be added to the symbolic
notations above to make it clear to what part of the measuring
apparatus they apply, namely p for prover, m for meter and M
for a volume standard measure.

While the customary subscript notation is used in this standard,
the allowed upper case notation is needed for computer pro-

temperature, pressure and density, the numerical value of the com-
bined correction factor (CCF) will not be significantly different from the
theoretical value.

5.1.7 All multiplication within a single operation shall be com-
pleted before the division is started.

52 C,

5.2.1 The volume of a metal container, such as a pipe prover,
tank prover or volume standard measure, will change when
subjected to a change in temperature. The volume change,
regardless of shape, is directly proportional to the temperature
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change of the material of which the container is made. The cor-
rection factor for the effect of temperature on steel (Cy) shall
be calculated from the equation

Cs=1+(t—-15)y (1)

where

t is the temperature, in degrees Celsius, of the container
walls;

E is the modulus of elasticity of the container material
(2,1 x 108 kPa for mild steel and 1,9 x 108kPa to
2,0 x 108 kPa for stainless steels);

T is the wall thickness of the container in millimetres.

65.3.2 C, values for specific sizes and wall thicknesses of
mild-steel pipe provers and pressures may be found in tables 6
and 7 of annex A of this International Standard. When the
volume of the container at atmospheric pressure Vs (i.e.

zera gauge pressure) is known, the container volume at any

y is the coefficient of cubical expansion per degree Celsius
of the materigl of which the container is made.

Thus, C will
greater than 15
less than 15 °C.

greater than 1 when the temperature ¢ is
C, and less than 1 when the temperature ¢ is

5.2.2 The valu
Celsius for mil

of yis 3,3 x 10~ (or 0,000 033) per degree
or low-carbon steels, and has a range of
4,30 x 10-5t0 5,40 x 10" per degree Celsius for Series 300
stainless steels. The value used in the calculations shall be that
given on the certificate from the calibrating agency for a
volume standard measure or from the manufacturer of a pro-
ver. Tables of Cls values against observed temperature will be
found in annex A of this standard, the table for stainless steels
being based uppn a typical value of y of 5,10 x 10~5 for
Series 300 stainlgss steels.

temperature (18 °C) is known, the volume at any other

5.2.3 When tﬂ\e volume of the container at standard
temperature ¢ cgdn be calculated from the equation

V,= Vi5 x (s .9 (2)

5.2.4 Conversdly, when the volume of the container at any
temperature ¢ is| known, the volume at standard’temperature
(15 °C) can be dalculated from the equatjen

Vig = V,/C4 ... @3

53 Cp

5.3.1 If a metal container such as a tank prover, pipe prover or
volume standard measure is subjected to an internal pressure,

the walls of the tontainer will stretch elastically and the volume

other pressure V, can be calculated from the equation

Vo = Vatmos X Cps ...(5)

5.3.3 When the container volume at-any gauge pre:rure Pis
known, the equivalent containervelume at atmospheric
pressure Vamos can be calculated from the equation

Vatmos = Vp/Cps ... (6)

54 C,

pressure acting on that liquid. The correction factor ¢, for the
effect of pressure on a volume of liquid can be calculated from
the eguation

5.4.1 The volume of a liquid is inversely proportio(rial to the
1

1
cC) =— (7
P19 (P-P)F 7

where
P is the gauge pressure in kilopascals;

P, is the equilibrium vapour pressure of the liqyid at the
measurement temperature, in kilopascals gauge| pressure
[P, is taken as zero gauge pressure for liquids which have an
equilibrium vapour pressure less than atmospherid pressure
(101,325 kPa absolute pressure) at the measurement
temperature];

F is the compressibility factor for hydrocarb¢ns from
ISO 9770 (this is determined at the meter pperating
temperature and the oil density at 15 °C; for water, the
compressibility factors at various water temperdtures are
listed in table 2 below).

of the container will change accordingly.
While it is recognized that simplifying assumptions enter the
equations below, for practical purposes the correction factor
Cps for the effect of internal pressure on the volume of a cylin-
drical container shall be calculated from the equation

Cps =1+ PD/ET ... (4)
where

P is the internal gauge pressure in kilopascals;

D is the internal diameter in millimetres;

Table 2 — Isothermal compressibility factor for water

Temperature Compressibility factor

°C kPa—1

5 49 x 10-7
10 4,8 x 10-7
15 4,7 x 10-7
20 4,6 x 10-7
25 45 x 10-7
30 45 x 10-7
35 44 x 10-7
40 4,4 x 10-7
45 4,4 x 10-7
50 44 x 10-7
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5.4.2 When P, is zero, equation (7) |

C, = —— . (8)
P PF

5.4.3 When P, is greater than zero gauge pressure, equation
{7) shaii be used.

NOTE — A convenient field method of determining P, while proving a
meter against a pipe prover is to proceed as follows:

ISO 4267-2 : 1988 (E)

55 Cy

5.5.1 If a quantity of petroleum liquid is subjected to a change
in temperature, its volume change will be dependent upon the
magnitude of the temperature change, the location within a
range of temperatures that this change occurs at and the den-
sity of the liquid.

The values of C, for the correction of volume to that at 15 °C
shall be taken from tables referenced in 1ISO 91-1.

a) On conglusion of the last proving round, stop the flow through the
pipe prover |and isolate it from the flowing lines by shutting the ap-
propriate valves.

bj Reducelthe pressure on the pipe prover by bieeding off iiquid untii
the gauge pressure stops falling. This will imply that a vapour space
has been crgated, and that the liquid has reached its equilibrium vapour
pressure. Shut the bleed valve, and read P, on the gauge, making a
record of the temperature at the time. The above procedure may be
used for the [determination of P for liquid mixtures that do not conform
with published charts showing P, values plotted against temperature,
or it may be| used as a routine procedure.

5.4.4 Whgn the volume of a low-vapour-pressure liquid is
known at fny pressure (V}), the equivalent liquid volume at
standard fressure (zero gauge pressure, or V,mn.s) can be
calculated from the equation

Vatmos T Vp x Cpl ... (9

5.45 When the volume of a low-vapour-pressure liquid_is
known at zero gauge pressure, the equivalent volume. at any
other presgure ¥}, can be calculated from the equatior

~

¥, = Vhmos/ o ... (10)

5.4.6 Whgn the volume of a high-vapour-pressure liquid is
known at pny measurement température ¢ and pressure P,
pressure cprrection is done in two steps. The equivalent
volume at $uch a liquid’s equilibrium vapour pressure P, at the
measureme¢nt temperature, can,be calculated from the equation
pe=l;,><Cp| -(11)

where C,, Is caltulated from equation (7).

5.5.2 When the volume of a petroleum liquid it known at any
temperature ¢, the equivalent volume at standard temperature
(15 °C) can be calculated from the equation

Vis=V; x Cy ... (12)

5.6.3 When the volume of\a’petroleum liquid is known at
16 °C, the equivalent volume at any temperdture ¢ can be
calculated from the equation

V, = V15/Ct| - (13)

6 Calculation of prover volume
6(1  Purpose and implications

6.1.1 The purpc ~: of calibrating a prover is tp determine its
base volume, that is, the volume of the prover inder standard
conditions. The procedures to be used for a pipe prover are
described in ISO 7278-2.

6.1.2 Base volume is expressed in cubic mftres or litres.
Whereas volumetric units (e.g. the litre) do |not vary with
temperature and pressure, the volume of a metfl prover does.
Therefore to define the base volume of a prover or volumetric
standard, it is necessary to specify standard conglitions, namely
156 °C and 101,325 kPa absolute pressure| (atmospheric
pressure).

6.2 Volume standard measures

Volume standards used to calibrate provers shall be certified by
a government agency or by a laboratory tracegble to the ap-
propriate national standard. Their certified volumes are given in
me i iti e uncertainty

When this volume is in turn temperature-corrected to 15 °C
using equation (12), the value of C, taken from the appropriate
table, or calculated, also corrects the volume for the change in
pressure from P, at the measurement temperature to the
equilibrium vapour pressure at the standard temperature of
16 °C. It should be noted that, while P, at the measurement
temperature ¢ may be higher than atmospheric pressure
(101,325 kPa absolute pressure), equilibrium vapour pressure at
15 °C may have fallen to atmospheric pressure or less. As
noted under equation (7), the distinction between a low-
vapour-pressure liquid and high-vapour-pressure liquid is based
on whether its equilibrium vapour pressure is less than or
greater than atmospheric pressure at the measurement
temperature.

figure of field standards is usually the main component in the
uncertainty figure of the prover calibration.

6.3 Rule for rounding — Provers

When calculating a prover volume, determine individual correc-
tion factors to 6 decimal places by using the appropriate for-
mula (4 or 5 decimal places for C,, values when hydrocarbons
are used). Record the combined correction factor (CCF) round-
ed to 6 decimal places.

When using the water draw method, each individual volume in
a volume standard shall be corrected by C,y,, [see 6.6.1a)] and
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Cysm [see 6.6.1b)]. This corrected volume is rounded to the
same number of significant digits as the uncorrected volume.

The corrected v
Cpsp and Cp|p.[
5 significant dig

olumes are summed and then divided by Cyg,
see 6.6.1c)]. This volume is then rounded to
its.

6.4 Temperature and pressure

During the calibration of a prover by the water draw method,

the temperature

start of calibratj

water temperat\tres of the individual withdrawals into volume

standards are o
the volume stan

During the calib
the temperaturg

and pressure of the water in the prover at the
the

starting temperature of the water in the prover and the
temperature of the water in the volume standards when
their volume was determined (6.4); this is done by multiply-
ing the individual volume standard volumes by C .. C,4., IS
defined as the correction for the temperature difference bet-
ween the water in the test measure and in the prover; this is

not the same as C, which corrects to 15 °C rath

er than to

prover temperature. The values of C,, can be determined

by methods explained in ISO 8222.

b) The individual volume standard water volumes shall

bserved and recorded at the time of recording
dard volume.

ation of a prover by the master meter method,
and pressure of the calibration liquid in the

prover and metgr are observed and recorded.

The temperatur|
rounded as spe

s and pressures shall be read, recorded and
pified in table 1.

6.5 Cailculation of base volumes

The procedure
1SO 7278-2. Thd
for the calculat
provers calibrat
method.

for calibrating pipe provers will be found in
following sub-clauses specify the procedures
on of the base volume of both pipe and tank
ed by the water draw and the master meter

6.6 Correct:Ens applied to measured-volume

water draw

6.6.1 In the W
observed in the
corrections in o
ver. In the exam|
measure, have
nations.

Thus:

ethod

ater draw calibration procedure, the (Volume
volume standards must be subjected to Certain
Fder to determine the base volume'\of the pro-
ples, the final subscripts p for prover, and M for
been added to the correction factor desig-

a) The indiyidual volume standard water volumes shall be

corrected fo

r any difference in temperature between the

A-)General information

also be corrected for the effect of temperatute on the

volume standard shell. This is done by multiplyi

dividual volume standard volumes determined in

by Cjgm- All individual volume standard-volumes

hg the in-
a) above
corrected

as above are now totaled. In actual practice, C,q,} and C,gy
are multiplied to arrive at a CCF before any multiplication of

individual volumes.

c) Finally, the volume shall be corrected for the

effects of

temperature on the provershell (Cyp), pressure o the pro-
ver shell (Cpq,) and the.compressibility of the water when in
the prover Cp,p. This’is done by dividing the total volume
determined indbhabove by Cig,, Cpg, and Cpyp. With open-
top prover tanks, C,g, and Cpy, are unity (1,000 ¢00).

The overall‘equation for corrections as described ab

volume standard
individual X (Crqw X C,
Rrover Z volumes raw rSM)]

bve is

base = ... (14)
volume (Crsp X Cpsp % Cpip)
6.6.2 In practice, when several test measures are [filled, the

calculation is performed according to the equation irf the man-

ner specified in the following example.

6.7 Example of calculation — Calibration

of pipe

prover by water draw method using field standards

The form or record used for a water draw calibration

prover shall make provision for at least the informati

of a pipe
bn shown

in A, B, C, D and E below. The values shown hereunder are

given by way of example only. The example is limit
one determination, although at least three are requi

d to only
d.

Calibration report No.: .......

Prover serial No. :

Prover dimensions: ........

Pipe ¢ ext.: 273,1 mm, wall thickness: 9,27 mm

Prover type: unidirectional

Metal :

mild steel

Calibrator'sname : ...,
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B Certified volume standards
1. Nominal size, litres 100 200
% ertfione at 16 °C and zor0 gauge prossure 100,00 200,00
3. Serial number m n
4. Material mild steel mild steel
5. Reference temperature, °C 15 15
C Volume standard volumes and their correction
6. Starting gauge pressure in prover, kPa 280
7. Starting average temperature in prover, °C 28,00
Fill No. 1 2 3 4
Volume standard used m n n n
8. Base volume, litres at 15 °C 100,00 200,00 200,00 200,00
9. Scale reading, litres
+ above zero - 0,20 + 0,64 + 0,56 + 0,40
— below zero
10. Measured volume (8 + 9) 99,80 200,64 200,56 200,40
11. Withdrawal temperature, °C 28,00 28,00 28,00 29,00
12. Change for starting temperature, °C 0 0 0 + 1,00
13. Cyw [see 6.6.1a)] 1000 000 1,000 000 1,000 000 0,999 710
14. Cg\ [see 6.6.1b)] 1,000 429 1,000 429 1,000 429 1,000 462
15. CCF,, (see 5.1.6) (13 x 14) 1,000 429 1,000 429 1,000 429 1,000 172
16. Corrected volume 99,84 200,72 200,64 200,43
17. Sum of corrected volumes: 701,63
D Additional correction factors needed to calculate base volume
18. C,,, at28,00°C (see5.2) 1,000 429
19. Cpqp- @t 280 kPa (see 5.3) 1,000 037
20. Gy for water at 280 kPa [see 5.4, equation (8)] 1,000 126
215,CCF, [see5.1.6and 6.6.1c)] (18 x 19 x 20) 1,000 592

E Final calculation

Base volume =

Z [Measured volume (10) X (Cqp (13) X Cuep (14))]

(18) x C

[Ctsp psp

(19) X Cpp (20)]

BV = 701,214 88 litres at standard conditions

BV = 0,701 214 88 m3 at standard conditions

Rounded to 5 significant digits,

BV

BV

701,21 litres at standard conditions

0,701 21 m3 at standard conditions
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6.8 Example of calculation — Calibration of tank
prover' by water draw method using field
standards

6.8.1 The form or record used for a water draw calibration of
a tank prover shall make provision for at least the information
shown in the example that follows.

6.8.2 It is assumed that this is a field recalibration, that the
top and bottom necks do not need recalibration, that any small

adjustments to the top or bottom zero marks will be made by
sliding the reading scales up or down as needed, and that both
scales will then be resealed.

6.8.3 Since the tank prover is at atmospheric pressure, no
pressure correction for either liquid or prover tank shell is re-
quired.

A General information
Calibration Rep@rtNo.: ... Proverserial No.: ............. ... e
Prover type: open stationary tank with top and bottom gauge glasses
Material : mild ieel Nominal capacity: 4 010 litres
Date:........ . ... Place:............ ... Calibrator'sname: ........... 85/ ooeiiiiiinnn oo
B Certified volume standards
Nominal size, litres 1 000 5
Basic volume, in litres, from calibration certificate at 15 °C and zero 1.000,00 5,00
gauge pressure
Serial number m n
Material mild steel mild steel
Reference temperature, °C 15 15
C Volume standard volumes and their correction
top 27,20
middle 27,10
Prover starting temperature, °C
bottom 27,00
average 27,10
1 2 3 4 5 6 7 8 9
Base (23 x8)"
. Temperature 7 C ted
Withdrawal vo.lume + po C AT Ciaw Ciem (% gF ) ’or:le‘::“:
litres M .
litres
1 1 000,00 + 0,10 27,00 - 0,10 1,000 028 1,000 396 1,000 424 1 000,52
2 1 000,00 + 0,05 27,00 - 0,10 1,000 028 1,000 396 1,000 424 1 000,47
3 1 000,00 - 0,10 27,10 0 1,000 000 1,000 399 1,000 399 1 000,30
4 1 000,00 + 0,10 27,10 0 1,000 000 1,000 399 1,000 399 1 000,50
5 5,00 - 0,20 27,20 + 0,10 0,999 972 1,000 403 1,000 375 4,80
6 5,00 - 0,50 27,20 + 0,10 0,999 972 1,000 403 1,000 375 4,50
Total volume, litres = 4 011,09
Rounded to five significant digits, total volume, litres = 4 011,1
1) The corrected volumes are rounded to the same number of significant digits as the base volume (see 6.3.1).

1)

The term “‘tank prover’’ designates a large capacity field standard in a fixed position.
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6.8.4 The calibration shall be repeated and, if the two runs
after correction for temperature agree to within 0,02 % (in this
example, to within 0,80 I), the mean value of the two runs
becomes the calibrated volume of the prover at 15 °C.

6.8.5 If the reading on the top neck was, for example,
4 010,4 | at the start of calibration, and as the true volume is
now known to be 4 010,7 | (average of the two runs), the top
scale will have to be moved down 0,3 |. If the neck contains
1,5 | per 10 millimetres (which is a typical value), the top scale
will be moved down 2,0 mm. An alternative would be to move
the zero
should be fesealed afterwards.

6.9 Example of calculation — Calibration of pipe
prover by master meter method

6.9.1 Theg procedure for calibrating a pipe prover using the
master meter method will be found in ISO 7278-2.

6.9.2 Thge first step is to prove the master meter in the liquid
selected fgr the prover calibration, which in this example is
diesel oil. In this example, a displacement meter is used as the
master meter, proved against a master tank prover (calibration
standard). |A master meter proved against a master pipe prover
may be eqfially well employed. The flow rate through a master

ISO 4267-2 : 1988 (E)

An alternative method is to develop an accuracy curve and read
off the meter factor for the rate observed during the calibration.

The second step is to calibrate the pipe prover (establish its
base volume) using the master meter as the link between prover
and volumetric standard (master prover). Where possible, cor-
rection factors should be calculated and used to 6 decimal
places. However, in cases where a hydrocarbon is used as the
calibration liquid and/or a master prover as the volumetric stan-
dard of calibration, the C, factors and master prover volume
will be stated to 5 significant digits. This being the case, all
i i i i i significant-digit
numbers shall be rounded to 5 significant digits.

Master
meter X (MF X' Gy, x Cyef)
Prover base _ registration (15)
volume - e
(C,sp X Cpgp'X Cp|p X Cyp)

6.9.3 The form of work.sheet used to record data and calcula-
tions should provide‘for/at least the informatioh shown in the
following example,-Only one worked example ofla master meter
calibration runvis shown, although five runs 3re desirable in
such a calibration.

6.9.4 Proving of the master meter (step 1

prover tank

meter whilg it is being used to calibrate a prover should be held Meter _ base volume * (Cisp X Cpsp X Cpip X Crip)
to within 4 % of the rate at the time of its proving. factor — Tindicated meter volume x (Cpim X Clim)
A Generpl information
Provingregort No.: . ... ..o Time: ... ... Date:............]..cccooiit
Liquid: diesel oil Density:(830-kg/m3 at 15 °C LRate: 115 m3/h
Operator'sname: ..........uuieiine Nl Witness: . ..o e
B Master prover information
1:\Base volume, in m3, at 15 °C and zero gauge pressure 3,247 6
2. Prover material mild steel
3. Temperature, °C top 23,20
middle 23,10
bottom 23,00
average 23,10
4. Gauge pressure, kPa 0
5. C, for prover (see 5.2) 1,000 267
6. Cpsp for prover (see 5.3) 1,000 00 1
7. Cy, for prover (see 5.4) 1,000 00 "
8. Cy, for prover (see 5.5) 0,993 00 2
9. CCF,, for prover (5x6x7x8) (see 5.1.6) 0,993 27
(to five significant digits)
10. Corrected master prover volume, m3 (1 x9) 3,2257
(to five significant digits)
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C Master meter information

11. Closing reading, m3 2 334,488 8

12. Opening reading, m3 2 331,265 5

13. Indicated meter volume, m3 3,2333

14. Temperature, °C 22.90

15. Gauge pressure, kPa 280

16. Cpy (see 5.4) 1,000 227

HF—Crrtseeb 5) 0 993 172}

18. CCF,, (16x17) (see 5.1.6) 0,993 40

(to five significant digits)

19. Corrected master meter volume, m3 (13 x 18) 3,2120
| (to five significant digits)
D Meter factor (10/19) for this run 1,004 3 (to five significant digits)3'.

1) As this example is for an open-tank prover, the gauge pressure is zero so Cp,, and Cpgyare unity. If a pipe
prover is employed, these factors would have other values.

2) Value as calculated using ISO 91-1 sub-routine.

3) The meter factor to be used in the calibration of the prover shall be the avéragé for all runs made when prov-
ing the master meter that meet the repeatability requirements in 1SO 7278:2.

6.9.5 Calibration of the pipe prover (step 2)

A General information

CalibrationreportNo.: ................. (.. Proverserial NO.: .........cooiiiiiiiiiiiiinn,

Prover ¢ ext.: 406,4 mm Wall thickness: 9,53 mm

Material : mild steel

Calibration liquid: diesel oil Density: 830 kg/m3 at 15 °C

Date:................ Place:................ Calibrator'sname: .............ccoeuniveaennnnn.

Flow rate during master meter proving: 115 m3/h

2 % flow rate-tolerance range: 113 to 117 m3/h

B ~Pipe prover information

20. Temperature, °C 23,90

21. Gauge pressure, kPa 690

22. Cy, (see 5.2) 1,000 294

23. Cpgp (s 5.3) 1,000 134

24. Cp, (see 5.4) 1,000 563

25. C, (see 5.5) 0,992 30 [see 2, 6.9.4]
26. CCF, (22x23x24 x25) (see 5.1.6) 0,993 28

(to five significant digits)

10
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27. Rate, m3/h 114
28. Temperature, °C 24,20
29. Gauge pressure, kPa 520
30. Closing reading 2 420,856 7
31. Opening reading 2414421 3
32. Indicated meter volume (30 —31) 6,435 4
33 Master meter factar4) 1,0045
34. Cpy, (see 5.4) 1,000 424
35. Cy, (see 5.5) 0,992 04 [see 2, 6.9.4]
36. CCF,, (33x34 x35) (see 5.1.6) 0,996 93
(to five significant didits)
37. Corrected master meter volume, m3 (32 x 36) 6,4156
(to five significant digits)
38. Volume of prover this run, m3 (37/26) 6,459 0

values.

7 Calclllation of meter factor

ose and implications

when the quantity passed through a meter is read
directly in Yinits of volume, by mechanical or electronic means,
this indicated volume may not be“the“actual metered volume.
This is due|to meter or liquid characteristics which may change
with time ¢r operational conditions.

Some trangfers of liquid\petroleum measured by meter are suf-
ficiently small in volumelor value, or are performed at essential-
ly uniform ponditions, 'so that the meter can be mechanically or
electronically adjusted to read within a required accuracy. Ex-
amples afeCretal measurements and some bulk plant

D Base volume of pipe prover, in m3, at standard conditions®

4) The master meter factor (33) does not agree with the value shown‘fer one run in step 1, line D, as the value
used in line 33 is an average of more than one run.

5) The base volume of the pipe prover (D) does not agree with the value for one run (38) as it is assumed that at
least five runs have been made and averaged. Also the base voldme to be reported should be realistic; that is, it
should be rounded to five significant figures. Any theoretical sacrifice of ““accuracy” that this may entail is
largely imaginary, and is also offset by the advantage ofthaving a standard method of calculating and reporting

6.459 2

c) temperature of the liquid;
d) pressure in the meter;
e) lubricating properties of the liquid.

It is thus a fundamental requirement that mer]:ers are proved
under conditions which simulate those encounitered in opera-
tion and that the meter factor selected for| calculation of
throughput is appropriate to the operation under consideration.
The meter factor shall either be read from perfprmance charts
prepared for the meter and relating closely to the conditions of
the transfer, or be obtained by proving the meter under the
conditions of the transfer.

When selecting a meter factor from a performarjce chart it may
be necessary to make additional corrections so|as to duplicate
current operating conditions.

. TTOWEVer, 1
most large-scale custody transfers when a single meter is used
to measure several different liquids or to measure at several dif-
ferent flow rates, meter adjustment for each change is imprac-
ticable. In such service, accuracy can be achieved by leaving
the calibrator setting undisturbed and sealed, or dispensing
with the calibrator entirely, and by determining within narrow
limits a meter factor for each operating condition.

Meter performance is affected by changes in operating condi-
tions and the qualities of the liquid being metered. Conditions
which affect meter performance include

a) viscosity;

b) flow rate;

7.1.2 The basic definition of meter factor is given in 3.5.

A meter factor is a non-dimensional number. Its value is the
same whatever system of units is used to measure volume. The
meter factor should not be confused with the K-factor which is
covered in clause 8 of this standard.

The actual volume passed through the meter is derived from
the prover base volume, or in some cases a master meter
register (see 7.6). The volume indicated by the meter is derived
from the meter register or an auxiliary proving counter.

It must be noted that various types of meter factor are required
depending upon the type of meter registration equipment or
calculation method used.

1"


https://standardsiso.com/api/?name=8ca2d58e7cdf89617c0e4e3dc5b1f4a0

I1ISO 4267-2 : 1988 (E)

Table 3 lists some of the more commonly found throughput
calculation and meter factor calculation relationships.

7.1.3 During proving, the temperature and pressure existing
in the prover and in the meter are significant in calculating a
meter factor. This is because the actual volume of liquid passed
through the meter during proving must be determined indirect-
ly from a knowledge of the exact volume measured in the
prover. This calculation involves pressure and temperature dif-
ferences between the prover and meter at the operational con-

7.1.4 A meter factor is valid over a range of operating
temperatures and pressures only if the temperature and
pressure during metering do not differ from the temperature
and pressure during proving sufficiently to cause a significant
change in the mechanical dimensions of the meter, in the
viscosity of the metered liquid or in flow rate. If conditions
change sufficiently, the meter shall be proved under the new
conditions, or corrections made to the meter factor based upon
data previously taken and compiled into correction charts or
tables.

ditions during proving and at the standard or base conditions

desired.

Table 3 — Throughput calculations and corresponding meter factor calculations

2.1.5 Meter factors change with flow rate variations, and the

extent of such change depends upon the type of meter and the

Throughput ¢quation
for net standard
volume

Meter factor equation
(reference number)

Remarks

BV X (Cp X Cpgp X Cpp X Cyp)
IV X (Cpy X Cy)

IV x MF x C},, X Cym

Standard meter factér.

(16)
BV X (Cpp x Cpgp)
IV x MF x Cl., X Cyn v Oil temperatures and pressures in prover and meter are identical dur-
ing preving.
(17)
BV X (Cp X Cpgy X Cyp)
IV x MF X Cliy X Cyny IV x Cy, Oil pressures in prover and meter are identical during provirg.
(18)
BV x (Ctsp X Cpep X Cplp) Oil temperatures and pressures in prover and meter are identical dur-
IV x MF x Cy, v ing proving; pressures encountered in proving are identical fo those
in normal operations.
(19)
BV X (Cip X (Cply X Cpip X Cpp) Oil temperatures in prover and meter are different during proving; oil
IV x MF k ¢ pressures in prover and meter are identical during proving; pil
X K fim IV x C . . . . .
fim pressures encountered in proving are identical to those in nprmal
(20) operations.
BVWX (Crep X Cpep X Cpp X Cyp) Oil temperatures and pressures in prover and meter are diffgrent dur-
IV x MF CpIm IV x (C... X C,.) ing proving; meter equipped with a temperature compensator, but
(”2":) fim pulse stream to prover counter is not temperature-compensated.
BV x (Crp X Cpgp X Cpp X Cpp) Oil temperatures and pressures in prover and meter are different dur-
IV x MF x Cpy, IV x C, ing proving; meter equipped with a temperature compensator; pulse
plm i -
(22)
BV X (Cpgp X Cpep X Cppp) Oil temperatures and pressures in prover and meter are identical dur-
IV x MF id d ing proving; meter equipped with a temperature compensator; pulse
v stream to prover counter is not temperature-compensated; pressures
(23) encountered in proving are identical to those in normal operation.
BV X (Cpp X Cpsp X Cpip X Cpp) Oil temperatures and pressures in prover and meter are identical dur-
IV x MF ing proving; meter equipped with a temperature compensator; pulse
v stream to prover counter is temperature-compensated; pressures
(24) encountered in proving are identical to those in normal operations.
NOTES

1) IV is the meter register indicated volume.

2) When using a tank prover, C

psp @nd Cp, will be equal to unity.

12
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part of its operating range being used. A plot of meter factor
against flow rate shows the range of flow rates over which the
meter factor is not greatly influenced by changes in flow rate. If
several flow rates are used during the transfer, the meter factor
sl AnlAiiladiaem Anrrace e Al Praspe ey

used for the calculation shall coirespona to the wululltcu
average of the flow rates.

Meter factors fit into the hierarchy of accuracies between

calibrated prover volumes (clause 6) and the calculation of
£

1ISO 4267-2 : 1988 (E)

ving run to one ten-thousandth part of the proving run total
volume. If the bottom gauge glass was not at zero before the
proving run was started, its reading shall be added to or sub-
tracted from (as the case may be) the upper gauge glass
reading, and the i
volume.

algebraic sum recorded as the prover base

7.4.4 To caicuiate a meter factor, both prover and meter
volumes must be in the same units and read and recorded to a
resolution of one in ten thousand.

TOF

shall be repd, recorded and rounded to the nearest 50 kPa

{0,5 bar).

7.3 Rule for rounding — Meter factors

In calculating a meter factor, determine the numerator and
denominatgr values separately, with each rounded to five
significant digits. In intermediate calculations, determine in-
dividual cofrection factors to four decimal places. Multiply in-
dividual co!rection factors together, rounding to four decimal
places at each step (for each of numerator and denominator)
and record [the combined correction factor (CCF) rounded to
4 decimal glaces. Divide the corrected prover volume by the
corrected npeter volume, and round the resulting meter factor
to 4 decimal places. Prover counter pulse counts are read,
recorded arjd rounded to the nearest count.

7.4 Calcplation of standard meter factor for a
displacement meter, using a prover tank

7.4.1 This| example illustrates the calculation ofrastandard
meter factof. However, the basic principle applies.to-4ll types of
meter factof; only the required correction factors will change.

7.4.2 In cglculating a standard meter factor, use expression
(16) in tabl¢ 3. Expression (16), restated to remove the prover
pressure copsiderations not needed-with an open tank prover,
becomes

base volutie-x (Crsp, X Cyp)

MF =
vplume indicated by meter X (Cp X Cypy)

7.4.3 The [proverbase volume used in the equation is deter-
mined by repding the upper gauge glass of the tank after a pro-

Read all prover thermometers to the nearest-0,
them, round them and record them to 0,25(2C-

shall be recorded to the nearest 50 kPa (0;5) bar).

correction factors C,; and Cj for the prover and

0 °C, average
Meter pressure
Calculate the
round them to

four decimal places (e.g. 0,996 2).

7.45 Determine the numerztof of the expressi

et IO GO CAMI CoS

ing the prover base volunie, )as recorded, by the ¢C
to five significant digits:

7.4.6 Determine the denominator by subtracting the opening
meter readihg) from the closing meter reagling, read or
estimated t6,0,000 1 m3 or 0,1 I. Record as the indicated meter
volume.-Calculate correction factors Cp, and C{ for the meter
and record to four decimal places. Multiply the ihdicated meter
volume by the CCF for the meter to obtain the cprrected meter
reading to five significant digits.

7.4.7 Calculate the meter factor by dividing thg numerator by
the denominator, and round the meter factor t¢ four decimal
places.

7.4.8 The purpose of the above conventions fs to establish
standard procedures which will ensure the same results from
the same data regardless of the computing system used. Any
seeming sacrifice of hypothetical maximum agcuracy is in-
significant and must take second place to consistency.

7.4.9 A standard meter factor report form used for a non-
temperature-compensated displacement meter groved against
a tank prover shall allow for at least the informdtion shown in
A, B, C and D below. Two proving runs are shown in the exam-
ple, for each of which a run meter factor calculation is made
separately; the two results are then averaged t arrive at the
meter factor to be used.

A General information

ProvingreportNo.:............ ... it Batch: ...................... Density: 830 kg/m3 at 15 °C
Rate, m3/h: ... ... MeterNo.:................... Liquid : diesel oil
TiME: o Date: .............ciiiii... Station: ...

13
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B Data from prover tank

1. Indicated prover tank volume, m3 3,251 3 3,250 7
2. Prover material mild steel
3. Temperature, °C top 23,20 23,20
middle 23,10 23,10
bottom 23,10 23,10
average 23,13 23,13
rounded 23 2% 23 95
4. Cyy (see 5.2) 1,000 3 1,000 3
5. Cyp (see 5.5) 0,992 9 0,992 9
6. CCF, (4x5) (see 5.1.6) 0,993 2 0,992\9
7. Corrected prover volume, m3 (1 x 6) 3,229 2 3,228 6
8. Closing meter reading, m3 2314,314 3 2334,489 7
9. Opening meter reading, m3 2311,022 1 2°331,198 4
10. Indicated meter volume, m3 3,292 2 3,291 3
11. Meter temperature, °C 22,5 22,5
12. Meter gauge pressure, kPa 280 280
13. Cyypy (see 5.4) 1,000 2 1,000 2
14. C,, (see 5.5) 0,992 9 0,992 9
15. CCF,, (13x 14) (see 5.1.6) 0,993 1 0,993 1
16. Corrected meter volume, m3 (10 x 15) 3,269 5 3,268 6
17. Meter factor (7/16) 0,987 7 0,987 8
D Meter factor to be used (mean of 2 runs) 0,987 8
7.5 Calculdtion of standard meter factor for 7.5.6 Because a pipe prover is subject to the effects of both
a turbine mpter, using a pipe prover temperature and pressure on the steel, its base voliime (which
is at standard conditions) has to be corrected to [obtain this
7.5.1 This prpcedure also applies to the.proving of a displace- volume at proving conditions (Cs and Cpgp).
ment meter equipped with a high-resolution pulser.
The volume of the displaced liquid at proving condjtions must

7.5.2 Turbing meters and pipe-provers were developed after
displacement meters and tank’provers; therefore, although the
procedure for|calculating a meter factor for a turbine meter
proved agains} a pipe prover was generally modelled on the
older procedutle, some changes were made.

7.5.3 For thig procedure to be applied, the meter must have a

then be corrected to the equivalent volume standard
temperature and pressure (Cp,, and Cyp). This latter value
becomes the numerator in the right-hand side of the equation
in 7.56.5, and the indicated meter volume corrected o standard

temperature and pressure becomes the denominator.

7.5.7 The other rules and conventions discussed in 7.4.4 and

high-resolutionelectrical output, 1.e. a large humber of pulses
per unit of volume, so that a sufficient number of pulses per
unit of volume is collected to provide the required discrimi-
nation as defined in 1ISO 2715.

7.5.4 This example illustrates the calculation of a standard
meter factor. However, the basic principle applies to all types of
meter factor; only the required correction factors will change.

7.5.5 In calculating a standard meter factor, use expression
(16) in table 3:

B base volume x (Cip XCpep X Cpip X Cyp)

volume indicated by meter x (Cpy, X Cyy)

14

7476 apply To calculation of a meter factor using a pipe prover
and a turbine meter or displacement meter.

7.5.8 It is important to bear in mind that, when proving a tur-
bine meter, or a displacement meter equipped with a high-
resolution electrical pulser, the change in the meter reading is
rarely determined from the meter’s normal totalizer register. In-
stead, the high-resolution pulses generated by the meter during
the proving run are usually counted and displayed by a separate
electronic proving counter. In some cases, the number of
pulses generated by the meter is multiplied by a totalizer scaling
factor and/or a temperature compensating factor before being
counted by the proving counter. In either case, it is critical that
the “change in meter reading” required to calculate the meter
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factor be determined by dividing the number of counts from the
proving counter by exactly the number of proving counts re-
quired by the meter’s totalizer to register one unit of volume.
For a displacement meter, this is determined by the pulse-per-
revolution rate of the electrical pulser and the ratio of the gear
driving the mechanical register. For an electrical totalizer, the
number of pulses at the meter required to register one unit of
volume is generally the inverse of the product of the totalizer’s
scaler factor and its divider factor.

Thus, a meter with its totalizer scaler set to multiply by 0,250 0
and its divi
counts-per{unit-volume figure of

1 = 400
0,250 0[x 0,01

If the pulsg¢s from the meter were passed through the scaler
only beforg being directed to the prover counter, then the ap-
propriate dounts or pulses-per-unit-volume figure would be

A General information
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100, as 100 counts would be required at that point to register
one unit of volume.

The key distinction is that the pulses or counts-per-unit-volume
figure used in the proving report form calculation is determined
by the settings and arrangement of the totalizer used with the
meter rather than by the particular pulse-per-unit-volume
characteristic of the meter itself, unless the prover counter is
connected directly to the meter output.

While connecting the prover counter directly to the meter

P € meter totalizer af-
fecting the counts-per-unit-volume figure, the)jneed to check
the meter totalizer itself occasionally should\not be forgotten. A
temperature compensating meter totalizer may jneed checking
more than an ordinary totalizer.

7.5.9 In the following example; the standard meter factor is
calculated using a unidirectional pipe prover to prove a turbine
meter, with a liquid of dow/vapour pressure.

Provingreport No.:.......... ... ... o Batch:.........

Density: 830 kg/m3 at 15 °C

Prover ¢ ext.: 355,6 mm

Wall thickness: 7,92 mm

Metal: mild steel

Rate, m3/h|: 250

Meter No.: . .- [«

Liquid: diesel oil

Time: ... Date:... .

Station: ......... ..o oo

Totalizer pyises per m3: 10 000

Operator's hame (signature): ......................Co9%

B | Data from proving runs

Run No. Temperature, °C Gauge pressure, kPa Puise count
Prover Meter Prover Meter
1 17,20 18,00 540 420 28 209
2 17,20 18,20 540 420 28 210
3 17,60 18,20 540 420 28 214
4 17,80 18,60 540 420 28 214
5 17,80 18,60 540 420 28 215
Average 17,52 18,32 540 420 28212,4
b ﬁ;ﬁrnag:d) 17,50 18,25 540 420 28 212
2. Metered volume: 28 212/10 000 = 2,821 2 m3

In line 2 (metered volume), the average pulse count (28 212) is divided by totalizer pulses/m? (10 000) and reported as

m3, rounded to 5 significant digits.
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C Data for prover

3. Base volume of prover, in m3, at 15 °C and

zero gauge pressure 2,806 8
4. Cy, (see 5.2) 1,000 1
5. Cps, (see 5.3) 1,000 1
6. C,, (see 5.4) 1,000 4
7. Cy, (see 5.5) 0,997 8
8. CCF, (see 5.1.6) (4x5x6x7) 0,998 4
9. Corrected prover volume, m3 (3 x 8) 2,802 3

D Data for meter

10. Metered volume, m3 (2) 2,821 2
1. Gy, (see 5.4) 1,000 3
12. Cypy, (see 5.5) 0,997,2
13. CCF,, (11x12) 0,997 5
14. Corrected metered volume, m3 (10 x 13) 2,814 1
E Meter factor (9/14) 0,995 8

7.5.10 In the following example, the standard meter factor is calculated using a bidirectional pipe prover to prove a turljine meter,
with liquid of viapour pressure above atmospheric.

It is assumed flor this example that the liquid measured.is-a propane mix with a density at 15 °C of 0,554 kg/|, and that a non-
temperature-compensated turbine meter is used.

A General infformation

ProvingreportNo.:........... .S 0. it Batch:........................ Company: .........ccoiiiiinnneeeiidona.,
Density: 554 kd/m3 at 15 °C Vapour pressure at operating temperature, kPa gauge pressyire: 790
Meter size: 38,] mm Metermanufacturer:.............ciiiiiieiiini e
Totalizer puIsesI/m3: 821950 Liquid: propane mix

Prover diamete'l' 323,9mm \Wall thickness+-3,53 mm 1 Metal: mild steel

(070 T-T oY oo T (V-
Date . . e StAtiON . ... e

16


https://standardsiso.com/api/?name=8ca2d58e7cdf89617c0e4e3dc5b1f4a0

1ISO 4267-2 : 1988 (E)

B Data from proving runs

Run No. Temperature, °C Gauge pressure, kPa Pulse count/round trip
Prover Meter Prover Meter
1 24,80 24,40 2 650 2720 28 629
2 24,60 24,40 2 650 2720 28 626
3 24,80 24,40 2 650 2720 28 635
4 25,20 25,20 2 650 2720 28 634
5 2540 25740 2650 2720 287633
Average 24,96 24,76 2 650 2720 28 631,4
- Ar;ﬁ;ac?: ) 25,0 24,75 2 650 2720 28 631
2. Metered volume: 28 631/82 950 = 0,345 16 m3

In lime 2 (metered volume), the average pulse count (28 631) is divided by totalizer pulses/m3.(82 950) and reporfed as
m3, [rounded to 5 significant digits.

C Data for prover

3. Base volume of prover, in m3, at 15 °C and

zero gauge pressure 032964
4. Cyy (see 5.2) 1,000 3
5. Cpqp (see 5.3) 1,000 4
6. Cp,p (see 5.4) 1,007 7
7. Cyy, (see 5.5) 0,977 0
8. CCFp (see 5.1.6) (4 x5X6x7) 0,985 2
9. Corrected provér volume, m3 (3 x 8) 0,324 76

D Data for meter

10./Metered volume, m3 (2) 0,345 16

11. Cpy, (see 5.4) 1,008 0

12. Cy, (see 5.5) 0,977 0
13. CCF_, (11 x 12) (see 5.1.6) 0,984 8
14. Corrected metered volume, m3 (10 x 13) 0,339 9
E Meter factor (9/14) 0,995 5

7.6 Calculation of meter factor at standard
conditions for a displacement meter, using
a master meter

7.5.11 In this example, the equilibrium pressure P, is given as
790 kPa gauge, determined by the method explained in the
note to 5.4.3. The Cp, factors used in lines C6 and D11 are
calculated using equation (7) in 5.4.1.

7.6.1 This example illustrates the calculation of a meter factor
at standard conditions, using a displacement-type master
meter volume standard. In this example, the meter totalizers are
used to indicate the metered volumes. However, some master
meters are equipped with an electrical switch which, under

7.5.12 For Cj values see 5.5, for C;; see 5.2 and for C see
5.3, which references are also shown in the example.

7.5.13 For both meter and prover, a combined correction fac-
tor (CCF) is calculated according to instructions in 5.1.6.

control of the meter's output, transfers at some repetitive
volume and is used to gate a high-resolution counter. This
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counter in turn is connected to a high-resolution pulser
mounted on the meter to be proved. The repetitive indicated
volume is then the master meter metered volume, and the pulse
count divided by the nominal number of pulses per unit volume
is the volume through the meter being proved.

7.6.2 While this example illustrates a displacement meter as
the master meter, a turbine meter is equally suitable for use as a
master meter with most liquids.

7.6.3 When this procedure is used, the master meter shall

curves which accurately predict the factor based upon flow and
liquid conditions.

7.6.4 To obtain a meter factor expressed to 4 decimal places,
it is necessary to obtain an output from both the master meter
and the meter to be proved representing not less than 10 000
discrete units of volume.

7.6.5 Meter registers, or proving counters used to register the
volume of the meters, shall be connected in such a way that

they can be started and stopped simultaneously

have been projed using a pipe or tank-type prover as the
volume standar{l. The meter factor applied to the master meter
registration durjng the subsequent meter proving calculations 7.6.6 In the following example, the meter factor'is [calculated
shall have beer] determined at the flow and liquid conditions at standard conditions, using a master meter. At thq least, the
existing during this meter proving or be taken from a family of following shall be recorded:
A General information
ProvingreportNo.:....... ... i Batch:........................ Density: 738 kg/m3 at 15 °C
Rate, m3/h: ...|..oovii MeterNo.: .........coovennenn. Liguidy: ‘gasoline
Time: ..o e Date:......oovviviiiiinnnanan Station: ...
Operator's NAMEG (SIGNATUIE) : « . .« .t vttt ettt ettt e e e e e e e e e et e i i s Nttt eenenenneieaeenenneneadieiiaas
B Data from master meter
Run 1 Run 2 Run 3
1. Meter pressure, kPa gauge pressure 670 670 670
2. Meter temperature, °C 21,3 211 20,5
3. Closing meter reading, m3 5 615,07 5 726,22 5 831,32
4. Opening meter reading, m3 5 502,01 5 615,07 5 726,22
5. Indicated metered volume, m3 (3—4) 113,06 111,15 105,10
6. Meter factor 1,001 5 1,001 5 1,001 5
7. Cp,m (see 5.4) 1,000 8 1,000 8 1,000 8
8. Cyp, (see 5,51 0,992 3 0,992 6 0,993 2
9. CCF (6 x7%8) (see 5.1.6) 0,994 6 0,994 9 0,995 5
10. Corréected master meter volume, m3 (5x9) 112,45 110,58 104,63
C~)Data from line meter
Run 1 Run 2 Run 3
11. Meter pressure, kPa gauge pressure 665 665 665
12. Meter temperature, °C 21,0 20,8 20,2
13. Closing meter reading, m3 10 265,01 10 873,69 11 450,66
14. Opening meter reading, m3 10 151,93 10 762,50 11 345,52
15. Indicated meter volume, m3 (3—4) 113,08 111,19 105,14
16. CpIm (see 5.4) 1,000 8 1,000 8 1,000 8
17. Cyp, (see 5.5) 0,992 6 0,992 9 0,993 5
18. CCF (6 x7) (see 5.1.6) 0,993 4 0,993 7 0,994 3
19. Corrected line meter volume, m3 (5x 18) 112,33 110,49 104,54
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