INTERNATIONAL 1ISO
STANDARD 8222

Second edition
2002-11-01

Petroleum measurement systems —
Calibration — Temperature’correctigns for
use when calibrating valumetric proying

tanks

Systémes de mesure du pétrele — Etalonnage — Corrections de
température a utiliser lors.de I'étalonnage des jauges étalons

_ Reference number
= = ISO 8222:2002(E)

©1S0 2002


https://standardsiso.com/api/?name=cd74f7196603b6ac095c9276e518ca70

ISO 8222:2002(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not be
edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this file,
parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event

that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2002

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's

member body in the country of the requester.

ISO copyright office

Case postale 56 » CH-1211 Geneva 20
Tel. +41227490111

Fax + 4122749 09 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

© ISO 2002 — All rights reserved


https://standardsiso.com/api/?name=cd74f7196603b6ac095c9276e518ca70

ISO 8222:2002(E)

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 1SO, also take part in the work. 1ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Internation

Draft Interr

h| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, \Part

Publication|as an International Standard requires approval by at least 75 % of the memberbodies cas

Attention iq drawn to the possibility that some of the elements of this International-Standard may be
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard 1SO 8222 was prepared by Technical Committees ISO/TC 28, Petroleum

lubricants,

This secon

This revisid

density de
published i

ISO 8222:1

Subcommittee SC 3, Static petroleum measurement.

Practical T¢mperature Scale of 1968, IPTS-68.

Annex A fo

©1S0 2002 —

'ms a normative part of this International Standard. Annex B is for information only.

B.

ational Standards adopted by the technical committees are circulated to the snémber bodies for voting.

ing a vote.

the subject of

products and

d edition cancels and replaces the first edition (ISO 8222:3987), which has been technically revised.

n includes an equation for calculation of the density*of water in the range 1,0 °C to 40 °Q derived from
erminations on water carried out at the CSIRO National Measurement Laboratory, Australia, and
N 1994. It is expressed in terms of the International Temperature Scale of 1990, ITS-90. The equation in
987 was based on work published in 1974 by PTB, Germany, expressed in terms of the International
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Introduction

When meter proving tanks or other containers are calibrated with a primary measure using water, correction factors
are required to make allowance for the effects of temperature during the calibration on the volume of water that is
transferred and on the capacities of the primary measure and container.

The corrections take account of differences in the volume of water, and of the capacities of the measure and the tank,
arising from tie following temperature-related effects.

a) The change in volume of the calibrating liquid (water) caused by any change in its temperature from the time it is
measured in the measure to the time when the total volume has been transferred to or drawn from thg tank being
calibrated

NOTE Although this International Standard is applicable to volumes transferred to, or drawn from) a tank, it has [been written
in terms of|the volume transferred to the tank.

b) Changes |n the capacities of the measure and the tank being calibrated caused by any differences between the
temperatyres of their shells and their standard reference (calibration) temperature(s).

iv © 1SO 2002 — All rights reserved
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INTERNATIONAL STANDARD ISO 8222:2002(E)

Petroleum measurement systems — Calibration — Temperature
corrections for use when calibrating volumetric proving tanks

1 Scope

This Internfitional Standard specifies multiplication factors for the correction of the volume of water‘trgnsferred from
a primary measure to a tank for changes arising from temperature differences during the determjnation of the
capacity of|the tank at reference temperature.

NOTE Thig| International Standard does not set out a calibration procedure nor consider the' uncertainties [in temperature
measurement, for which reference should be made to other standards.

Equations gre given in annex A for the determination of the density of air-free @and air-saturated, purg water in the
temperaturg range 1,0 °C to 40 °C for temperatures expressed in terms of the' ITS-90 Internationa| Temperature
Scale.

A calculatign routine is also provided in annex B for the combined water and metal correction factor that is applied
when detenmining the capacity of the tank at reference temperatures

2 Symbpls and definitions

For the purposes of this International Standard, the symbols defined in Table 1 apply.
Table 1 — Symbols

Symbpl Quantity Unit
C. Combined correction factor 1

Correction factor for eXpansion of the calibrating liquid (water) over the temperature
range t; to t, where

Cu P 1
1
Ctdw = &
P2
tsm Standard(reference temperature of the measure °c
st Standard reference temperature of the tank being calibrated °C
t1 Temperature of the water in the measure and of its shell °cC
Temperature of the water in the tank being calibrated at the completion of the calibration o
to C
and of the shell of the tank
aVl Cublhﬂl C/\pal ID;\JI T bUUff;b;Cl It Uf thU OhC" Uf thC meaourc OC_l
av? Cubical expansion coefficient of the shell of the tank being calibrated °ct
P1 Density of water at temperature t; kg/m?®
P2 Density of water at temperature ¢, kg/m3

3 Temperatures
3.1 The corrections apply for temperatures in the range 1,0 °C to 40 °C.

For practical reasons, the temperature difference between the temperature of the measure and that of the tank shall
not exceed 5,0 °C.

© 1SO 2002 — All rights reserved 1
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NOTE Larger temperature differences between measure and tank may indicate temperature gradients within the tank that would

result in errors

in its calibration.

3.2 Because of the difficulty of accurately measuring the temperatures of the shell of the measure and the shell of
the tank being calibrated, the following assumptions shall be made.

a) The measure is at the same temperature as the liquid it contains when the volume of the particular increment
(pour) is measured.

b) The tank being calibrated is at the same temperature as the liquid it contains when the total volume of liquid has
been transferred.

3.3 The standard reference temperature (ts) for petroleum measurement is generally 15 °c [l If the measure has

been calibrats
calculation ro
calibrated ma

If this Internat

or 60 °F, the
been recorde

4 Coeffici

4.1 EXpans

In the compu
of the measu
be reported W

If the value for the particular steel is not known, the following values may be used and reported as

calibration:
— mild steel

— stainless
NOTE Values

over the range
adopted for co

4.2 EXxpang

The expansio
temperature

ed at 15 7C, the tank calibration will generally be at the same reference temperature. H
Itine covers the circumstance where the reference temperatures of the measure and of the
y differ.

onal Standard is applied for one of the other reference temperatures used in some ‘Countrie
values entered for tg, or ts shall be 20 °C and 15,56 °C respectively. If the)values of ¢, &

ent of expansion

ion of shells

tion of the corrections, the values of the coefficients gf cubical expansion for the metals @
e (ay1) and the tank being calibrated (avy,) shall b€ used if they are known. These coeffi
ith the other details of the calibration.

33 x 10 %°c?
steel: 51 x 1078 °Cc?

for the coefficient of cubical expansion of stainless steel depend upon its composition. Values have b
43 x 107%°C™?! to 54 x(10=° °C™1. In this International Standard, the value 51 x 10~ °C"
sistency with 1SO 42691}

ion of water

h of the water;" Ciqw, €xpressed as the “water correction factor” is the ratio of the densities
L in the measure and at the temperature %, in the tank being calibrated.

i in degrees Fahrenheit, they shall be converted to degrees Celsius, to thenearest 0,01 °d.

bwever, the
tank being

5, i.e.20°C
ind ¢, have

f the shells
cients shall

part of the

ben reported
! has been

of water at

Ctdw = B
P

Values of p; and p, shall be obtained from the equation given in annex A. Calculate the water correction factor to 6
decimal places.

© ISO 2002 — All rights reserved
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5 Basis

ISO 8222:2002(E)

of the computation of the corrections

5.1 Determination of the change in the volume of the measure or the tank

Express the corrections as multiplication factors:

a) for the measure: 1 + ayq X (t1 — tsm);
b) forthe tank: 1 4+ ayo X (fo — ts).

5.2 Combined correction factor

The combi
measure a

ned correction factor, C', for both the contraction or expansion of the water and that of.thq
hd the tank is given by the equation:

1[1 + ayi(ty — tsm)]

C, =

5.3 Calc

A calculatig

6 Repol

02[1 + arya(ty — tey)]

Ilation routine

n routine giving the recommended calculation sequence to use-is.given in annex B.

ting and use of correction

The combimed correction factor, C., which is dimensionless, shall be rounded to six decimal places bd

Report the
a) referen
b) materig
c) value o
d) materig

e) value o

value of the correction factor together with the-féllowing information:
Ce to this International Standard, i.e. ISO 8222;

| of construction of the shell of the measure;

fay;
| of construction of the shell of-the tank;

f vy o,

f) standa

g) standa

The correc

d reference temperature/for the measure;

d reference température for the tank.

ion shall be.uséd in the form of a multiplication factor to be applied to the standard refere

the measure in orderto‘give the volume of water, at the tank's reference temperature, transferred to or

b shells of the

fore use.

nce volume of
from the tank.

©1S0 2002 —
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A.1 Densi

Annex A
(normative)

Equations for determining the density of water

ty of air-free water

The following
metre, at tem

Pt = Po

where

The results of

NOTE Values

i laall lo =l £ ot H.- +lo <l Y £ HY 4 + H Leil
CUUAlurT stiall o usTU TUT UTTTTITTTTY 1T UTTISIy UT PJUTT, alr=imiccT Wdatct, Ut T ATUYTrari

berature ¢ °C between 1 °C and 40 °C (see NOTE).

1 [A(t—to)+B(t—t0)2+O(t—t0)3+D(t—to)4+E(t—to)S]}

999,973 58 kg/m? (maximum density of water, at temperature t)

=[3,9818°C

7,0134 x 1078°Cc™?
7,926504 x 10°°°C~2

— 7575677 x 1078°C™3
7,314894 x 1071°°Cc™*

— 3,596 458 x 1012 °C=®8

the equation shall be founded to three decimal places.

for the density of water are based on the work of Patterson and Morris®l. The equation is v4

temperature rafge 1 °C to 40,°C\as measured on the International Temperature Scale of 1990, ITS-90.

A.2 Corre

ction.for air-saturated water

per cubic

(A1)

llid over the

tha calihratian is

adin a ot tad corcaction ta th tar A
cuamruare vanuuraauaurTa “

a Hrata a nto A noitvy
LT JUtuTuUiL U, Tt outrTeouurTiu e vvatet T

)
3

®
)

/e equation

If the water ud

shall be applied, before rounding, by means of the following equation:

Correction = —(4,612 — 0,106¢) x 10~ 3kg/m®

where t is the

The corrected

temperature of the water.

water density shall be rounded to three decimal places.

(A.2)

NOTE Equation (A.2) was derived by Bignell[4] for water in the temperature range 0 °C to 25 °C. For the purposes of this
International Standard, it is applied at water temperatures of up to 40 °C. Any error in tank calibration arising from using the

equation in the

extended temperature range will be insignificant.
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Annex B
(informative)

Calculation routine

Read measure temperature i,

Is reference temperature tsm, fly = 15
15 °C? (See note below)

Read tank temperature f,

l

Compute water density (p)) No
at
‘ tsm, tSt = 20
Compute water density (p,)

at t,

l

Calculate correetion factor

T+ oy (8- tsm)

Cc = Ctaw

Conjpute water correction tay, (f-ty)

factor Ctaw = pi/p,

l

Print Water correction factor
= X, XXXXXX'

Print 'Combined water and
metal correction factor
Cc = X, XXXXXX'

Are oy and a
values known?
No
Y
Is measure ©S | 4,,=33x10°
mitd-stest? T
- Is tank Yes -6
=51 x 10° 3310
A mild steel? ave
No
Ao = 51 % 10_6

NOTE If the reference temperature of the primary measure or that required for the tank calibration is 60 °F, t¢m or tss = 15,56 °C
should be substituted in the numerator or denominator respectively of the correction factor equation.
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