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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
ISO collaborates closely with the International Electrotechnical Commission (IEC) on a
electrotechnical standardization.

oo-o_-

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

Any t
const

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For
expregssions related to conformity assessment, as wellvas information about ISO's
the
WwW

q

iso.org/iso/foreword.html.

This dlocument was prepared by Technical Commiittee ISO/TC 28, Petroleum and related p
and lybricants from natural or synthetic souftes, Subcommittee SC 2, Measurement of p
relatdd products, in collaboration with the-European Committee for Standardization (CE
Committee CEN/TC 19, Gaseous and liquid fuels, lubricants and related products of petrole
and bjological origin, in accordance with' the Agreement on technical cooperation between
(Vienha Agreement).

This third edition cancels andreplaces the second edition (ISO 8222:2002), which has bee
revis¢d. The main changegto the previous edition are as follows:

— revision of the titde;anhd scope to allow the document to cover the design, calibration
ide range of voliimetric measures comprising proving tanks, test measures, field ¢
easures;

— plovisionofrevised, updated and extended formulae to allow calculation of temperatu
icludirg the addition of formulae for saline water, other liquids and material propert

complete llstlng of these bodies can be found at www.iso.org/members.html.
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Introduction

Volumetric, or capacity, measures are used to provide an accurate measure of volume, thereby providing
a calibration reference for other volume-measuring devices, such as pipe displacement provers or
flowmeters.

Volume measures are categorized in terms of capacity, test measures being below 20 1. Measures
above 20 | are categorised as prover tanks. Standard measures are designed to comply with regulatory
guidance and hence have specified volumes. Other measures have non-standard volumes specifically
designed to suit an application, for example measures to accompany a small volume prover.

Volumetric measures can be used to calibrate flowmeters, both duty and reference meters. Thgy can
also be used [to calibrate secondary volume measures, displacement (pipe) provers and storage tanks.

Annex A proyides the recommended formulae used in the calibration and use of volumetri¢ megsures
and for otherf volumetric measurements. This includes pure and saline water properti€s)the propgrties
of hydrocarbon liquids and the materials of construction of volumetric measuring deyices.

vi © IS0 2020 - All rights reserved
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Petroleum measurement systems — Calibration —

Volumetric measures, proving tanks and field measures

(including formulae for properties of liquids and
materials)

WARNING — The use of this document could involve hazardous materials, ope

whicl} are intended for use in fixed locations in a laboratory or in the field. This dod
guidance on both standard and non-standard measures. It also covérs portable and mob
This document is applicable to the petroleum industry; howeverritimay be applied more w
appligations.

This document excludes measures for cryogenic liquids and pressurized measures as us
petroleum gas (LPG) and liquefied natural gas (LNG).

Volumetric measures are classified as test measures‘or prover tanks depending on capacit

Measfires described in this document are primarily designed, calibrated and used to mea;s
from p measure which is wetted and drained for a specified time before use and designat|
Many|of the provisions, however, apply equally to measures which are used to measure a
a clean and dry measure and designated-to contain.

Guidgnce is given regarding commonly expected uncertainties and calibration specificatig

The document also provides{in"Annex A, reference formulae describing the properties
other|fluids and materials@sed in volumetric measurement more generally.

2 Normative réferences

Therg are no normative references in this document.

3 Terms, definitions, symbols and units

rations and
5 associated
riate safety

'y measures)
ument gives
le measures.
dely to other

ed for liquid

y and design.

ure volumes
ed to deliver.
Folume using

ns.

bf water and

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved
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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: VIM:2012, 2.13]

3.1.2
adjustment

set of operdtions carried out on a measuring system so that 1T provides prescribed IndicC

correspondi
Note 1 to entr
Note 2 to entr
[SOURCE: VI

3.1.3
automatic p
overflow pip
high precisid
gauge scale

3.14

g to given values of a quantity to be measured
y: Adjustment should not be confused with calibration, which is a prerequisite for adjustmen

y: After adjustment, a recalibration is usually required.

M:2012, 3.11]

ipette
ptte
n measure, where the volume withdrawn is defined by a top overflow weir rather t

brim measure

field measur

3.1.5
calibration
operation th
values with
indications
establish a r¢

Note 1 to ent
relationship b

Note 2 to entr]

Note 3 to entr]
of the results

[SOURCE: VI
3.1.6

e where the volume is defined by an overflow from the top edge of the neck

ht, under specified conditions, in-a\first step, establishes a relation between the qu
measurement uncertainties previded by measurement standards and correspo
vith associated measurementwincertainties and in a second step uses this informat
tlation for obtaining a measurement result from an indication

ry: A simplified definition is 'set of operations that establish, under specified conditioj

y: Calibration should not be confused with adjustment of a measuring system.

y: The word\*proving” is used in the oil industry and has the same meaning but can include 4
hgainst specified acceptance criteria.

M:2012, 2.39]

htions

[

han a

hntity
nding
on to

s, the

etween quantities indigated by an instrument and the corresponding values realized by stanglards".

check

calibrated volume
volume of a measure between a top and bottom datum as determined by calibration and expressed at a
standard temperature

3.1.7
clingage

film of liquid that adheres to the inside surface of a volumetric measure after it has been emptied,
resulting in a residual volume

© IS0 2020 - All rights reserved
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3.1.8
correction factor

numerical factor by which the uncorrected result of a measurement at the measured conditions is

multiplied

Note 1 to entry: Correction factors to standard conditions are used to convert a volume at observed conditions to

the volume at another (standard) condition.

3.19

plunger

displacement plunger

device consisting of a piston which is used for adjusting the volume of a volumetric measu

3.1.1¢
drain time
total fime taken to empty the measure or tank to leave a consistent residual volume

Note 1 to entry: Drain time commences when the drain valve is opened and ceases)wlen closed 3
time dr condition. Drain time may be divided into two parts: first drain time and/final drain time.

Note 2 to entry: A dry measure can be employed where the product evaporates quickly, for e3
These|measures will not have a drain time and the means to ensure they are dry will be specified
reguldting their use.

3.1.1
final drain time

1S

fter a defined

ample petrol.
in documents

time which follows the cessation of the first drain time and finishes at a defined time, or condition, such

as ratle of dripping

3.1.1%
first drain time
time fo drain the majority of the fluid from the'measure

Note 1 to entry: The first drainage flow cemimences when the drain valve is opened and ends at a
time dr when flow breaks into a defined trickle or drip rate. This is prior to the start of the final dr

3.1.1%

dry measure

contepts measure which iscalibrated and used with the internal surface completely dry (i.
or redidual volume)

Note 1 to entry: The volume of a dry measure may be marked and designated to contain.

3.1.14
erro
measpired guantity value minus a reference quantity value

defined level,
hin time.

. no clingage

NOte 0-°CI . Note O €n : Relative error is error divided by a reference value hi d DE
percentage.

[SOURCE: VIM:2012, 2.16]

3.1.15
field measure
measure designed to be used in the regular calibration of other devices

Note 1 to entry: While most field measures are portable, some can be in a fixed location.

© IS0 2020 - All rights reserved
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3.1.16
gauge glass

020(E)

clear tube in parallel with, or a window set into, the neck of a measure to show the level of liquid in

the neck

Note 1 to entry: There is an associated scale to indicate the measured volume.

3.1.17

nominal volume
design volume of a volumetric measure

3.1.18

primary me|
reference m¢

Note 1 to en
competent lah

3.1.19
proving
calibration w

Note 1 to entr]

Note 2 to entr
by standards

(proving) itp

3.1.20
proving tan

asure
asure calibrated gravimetrically

ry: Primary measures should be calibrated by a national measurement institute”(NMI
oratory meeting ISO/IEC 17025.

rith comparison to defined acceptance criteria
y: The term “proving” is used in the oil industry and is similar to-v€rification.
: Proving is a calibration, sometimes of limited measurement range, according to methods d

regulations or procedures, providing a determination.0f*the errors of a device and sh
erforms to defined acceptance criteria.

k

volumetric mjeasure which generally has capacity greater than 20 I and has a bottom drain

Note 1 to entr]

3.1.21
pour
individual qu

3.1.22
range
range of valy
difference bd

Note 1 to ent
percentage of]

3.1.23

y: A prover tank can be free-standing ormounted on a truck or trailer.

antities of liquid poured from, or received into, a volumetric measure

es
tween the maxintum and minimum values of a set of values

y: This can\be expressed as a half range (*¥) number. Relative range is normally expresse
a specifiedvalue, for example mean, minimum or other calculated value.

reference c¢

or

efined
owing

d as a

nditions

operating conditions prescribed for evaluating the performance of the measure

Note 1 to entry: This is the range of ambient and fluid conditions with which the measure is evaluated, verified

or operated.

3.1.24

reference measure
volumetric measure calibrated, used and maintained to provide traceability to other volume measures

and devices,

including pipe provers and reference flowmeters

Note 1 to entry: A reference measure can be calibrated gravimetrically (primary measure) or volumetrically by
means of a primary measure which itself has been calibrated gravimetrically.

© IS0 2020 - All rights reserved
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3.1.25

repeatability

measurement precision

closeness of agreement between indications or measured quantity values obtained by replicate
measurements under specified conditions

Note 1 to entry: Specified conditions normally implies the same reference, same conditions, same operators and
procedures and that the data are obtained sequentially over a short period of time.

Note 2 to entry: Repeatability can be expressed as the range (difference between the maximum and minimum)
values of error or K-factor. Alternatively, repeatability can be expressed as a function of the standard deviation
of the values.

Note B to entry: Dividing repeatability by the mean gives the relative value which can be\expressed as a
perceltage. It is noted some standards suggest dividing by the minimum value.

[SOURCE: VIM:2012, 2.15]

3.1.2¢
resi(ri[tlal volume
volunpe or quantity remaining in the measure after draining for the defined drain time

3.1.2¢
resolution
quantitative expression of the ability of an indicating dewice to distinguish meaningfiilly between
closely adjacent values of the quantity indicated

3.1.28
scale|datum
fixed [reference point or mark, established at manufacture or initial calibration, from which subsequent
adjustments to the scale can be referred

Note ] to entry: This may be an engraved mark on the neck, or another defined fixed point sucl as a support
bracket. The location should be referenced en-calibration certificates.

3.1.29
seconndary measure
volunpetric measure which is(alibrated by a primary measure

3.1.30
standard condition
base ¢ondition

condifion of temperature and pressure to which measurements of volume or density arg referred to
standardize the\quantity

Note 1 to entry: These are the specified values of the conditions to which the measured quantity is|converted.

Note

Note 3 to entry: Standard conditions can refer to the liquid or the volume of the measure. These may be different.
Note 4 to entry: Quantities of volume expressed at standard conditions may be indicated by prefixing the
volume unit by “S”, for example 4 Sm3 or 700 kg/Sm3. This abbreviation is used in place of the unit m3 (standard
conditions) where there is limited space and there is no risk of confusion regarding the unit.

Note 5 to entry: Standard conditions should not be confused with the reference (operating) conditions prescribed
for evaluating the measure.

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=07e4be28a5bcc439a09911bfe00745a7

ISO 8222:2

3.1.31

020(E)

standard measure
volumetric measure which is designed to meet the requirements of regulatory standards

Note 1 to entry: Examples of regulatory standards are OIML R 120, Measurement Instruments Directive (MID)

and NIST 105-

3.1.32

3.

standard volume

base volume

volume expressed as being at standard conditions

3.1.33

strike measure
brim measurle where the volume is defined from the top edge of the neck which has been designed

struck by sli

3.1.34
test measur
hand portab

Note 1 to entr]

Note 2 to entr]
classified as a

3.1.35

thermowell
metal pocke
hold a tempe

3.1.36

volume to c
standard vo
from a clean

3.1.37

volume to d
standard vo
respect to it

Note 1 to entr
procedure.

Note 2 to ent}
liquid left on 4]

ing a ground glass disk over it to leave a consistent volume within the measure

e
e volumetric measure up to 20 1 capacity

y: A test measure can be inverted to drain or be fitted with a bottom‘drain.

y: A test measure can also be non-portable, in a fixed frame or'dn-a vehicle. It may in some ca
prover tank.

which protrudes through, or is attached to, the wall of a pipe or volumetric meas;
rature-measuring device

ntain
me of liquid a measure contains;with respect to its reference line or datum when
dry condition

pliver
ume of liquid whicH can be withdrawn from or filled into a pre-wetted measure
reference line or datum and following specified drainage times and procedures

: A wet condjtion/is obtained by filling the measure and draining it for the specified drain tin

y: Thewolume to deliver is always less than the volume to contain due to the volume of rq
he walls of the measure after the specified drain time.

to be

ses be

ire to

filled

with

he and

sidual

Note 3 to entriz
long as the wetting and drainage procedures are followed.

3.1.38
fill
receive
In

€s as

technique for using or calibrating a volumetric measure by filling from top or bottom with liquid from
the device under test or the reference

Note 1 to entry: The reference may be volumetric or gravimetric.

Note 2 to entry: 'In' is the term adopted by EURAMET guide cg21[2l.

© IS0 2020 - All rights reserved
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3.1.39

withdraw

water draw

Ex

technique for using or calibrating a volumetric measure by withdrawing liquid from the measure into
the device under test or the reference

Note 1 to entry: The reference may be volumetric or gravimetric.
Note 2 to entry: '"Water draw' is usually applied to the calibration of pipe provers.

Note 3 to entry: 'Ex' is the term adopted by EURAMET guide cg21[2l,

3.1.40
tracepbility

metrglogical traceability
propdrty of a measuring result whereby the result can be related to a referencé through ajJdocumented
unbrgken chain of calibrations, each contributing to the measurement uncertajnty

[SOURCE: VIM:2012, 2.41]

3.1.4

trangfer point
pointfor location in a fluid transfer where the quantity and aeCountability of the fluid passes from one
measfirement system to another

3.1.4

uncertainty
non-rlegative parameter characterizing the dispersion of the quantity values attributed to p measurand
based on the information used

[SOURCE: VIM:2012, 2.26]

Note [l 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 trug value.

3.1.43
volurpetric measure
measfire used to provide anjaccurate measure of a volume, hence providing a calibration feference for
other{volume-measuring-devices, such as pipe displacement provers or flowmeters

3.1.44
watef pour
technlique for<calibrating a measure by decanting liquid from a reference measure or g4 gravimetric
system to a device under test

3.14

wet mreasure
volumetric measure which has been wetted and drained before use in accordance with defined drain
times and procedures given in the calibration certificate and specification

3.1.46

wetted

portion of the internal surface of a volumetric measure which has been in contact with the liquid
during use

3.1.47

weir
device, usually a horizontal edge, where a consistent liquid level is established to provide a datum

© IS0 2020 - All rights reserved 7
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3.2 Symbols and units

NOTE1 The preferred unit for kinematic viscosity is metres squared per second (m?2/s) or millimetres squared
per second (mm?2/s). The practical unit used in this document is the industry-recognized unit centistoke (cSt);
1 cSt=1mm?/s.

NOTE2 The preferred unit for a volume expressed at a standard condition is m3 (standard condition). In
practice this is conventionally abbreviated to Sm3 where there is limited space and there would be no confusion
of units used.

Symbol Quantity Unit
Cy volume correction factor for thermal expansion of liquid from measured tem-
perature to the standard temperature
Can volume correction factor for thermal expansion of liquid from reference de-
vice (measure) temperature to the temperature at the device under test
(o volume correction factor for thermal expansion of liquid from reference de-
vice (measure) temperature to the standard temperature
Ciye volume correction factor for thermal expansion of liquid from test device
temperature to the standard temperature
Col volume correction factor for liquid compressibility from measured\pressure
to standard pressure
Cole volume correction factor for liquid compressibility from pressure to standard
pressure from a device under test
Cis volume correction factor for the thermal expansion of‘the device (material) to
volume at standard temperature
Cisr volume correction factor for the thermal expansion of the reference measure
material to the volume at standard temperature
Cist volume correction factor for the thermal expansion of the device under test
material to the volume at standard temperature
Cos volume correction factor for the pressure expansion of the device under test
to the volume at standard presstre
F meter factor of a flowmeterat'operating temperature and pressure
M mass of water collected jmweigh container kg
t, temperature of the liquid in the reference device °C
£ temperature of the liquid in the device under test °C
Loy standard température for the reference measure °C
tet standard terhperature of the device under test °C
Vi indicatedvolume from a flowmeter at actual conditions m3 on]l
V. volume'measured by a reference, measure or flowmeter, at actual conditions m3 o1l
of preéssure and temperature
Vs calibrated volume of a measure corrected for scale indication, i.e. the indicat- m3 on]l
©d VOIUITE, at sStandard conaitions, from a reference measure, corrected for (Standard
known calibrations errors conditions)
Vig volume of device under test at standard conditions m3orl
(standard
conditions)
Vi volume transferred to or from a reference to the device under test m3orl
A weight of liquid collected in the weigh container during gravimetric calibration kg
a, linear expansion coefficient of the reference device °c1
a; linear expansion coefficient of the device under test °ct
P, density of air during weighing kg/m3
Pw nominal density of weights used to calibrate weighing machines (normally kg/m3
defined as 8 000 kg/m3)

8 © IS0 2020 - All rights reserved
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Symbol Quantity Unit
Pr density of liquid in reference device at t. kg/m3
Pt density of liquid in device under test at ¢, kg/m3

4 Traceability

All the volumetric measures described have a unique hierarchy in the traceability chain. All are
traceable to standards of mass combined with the derived density of pure water. There is a hierarchy
for traceability which is followed to provide the uncertainty required by the final application.

to di

ctly weigh the measure and determine the weight of liquid filled or withdrawn(Th

A pri‘Fary measure would be calibrated by weighing the water withdrawn to a tank on aW

is calfbrated with mass standards of the required classl3l and uncertainty. The mass'and t

the w

A pri
multi
flown
meas

Figur
prove
pipe |

Prima
wateq
corre
exper

Some
watet

Appli

The u
value

ater are then combined to give the volume.

nary measure can be used to determine the volume of a secondary medsure. Thig
ble measurements fills. A secondary measure can be used to determine the calibrati
neter. This can be a reference flowmeter used to measure volume.ira pipe prover or
ire or to calibrate other meters.

e 1 shows schematically a primary measure being used to determine the volume of a
r, which in turn is used to calibrate a reference flowmetér’used to determine the voluy
rover.

iry and reference measures are calibrated usifng pure water or clean drinking

reigh scale or
e weigh scale
he density of

can require
bn factor of a
large volume

bmall volume
me of a large

water. The

density is determined from the recommended formulae relating density to temperature and

rted where required through a measurementiof relative density. The water densit}
imentally determined by the use of a calibrated densitometer.

secondary measures, particularly large fixed measures, may need to be calibrated
seawater or a hydrocarbon product

Cable liquid property formulae‘are given in Annex A.

ncertainty for volume determination should be specified according to the applicatid
5 of uncertainty applicablé to different volumetric measures are given in Annex E.

y can also be

with impure

n. Indicative
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Figure 1 — Traceability: hierarchy of volumetric measures

5 Generdl design characteristics of volumetric measures

5.1 General design

Volumetric theasures are containers of defined internal volume. The nominal volume is derived by
design and manufacture with the calibrated volume subsequently determined by calibration. The
Volume iS de inegd between a fr\p and bottom datum. The fnp dotum can be a reference line on a sd le or
an overflow weir. The bottom datum can be an overflow weir, the internal plane of a drain valve (when
closed) or a scale reading in a bottom sump or neck.

The volume is expressed as being the volume of liquid in the measure when it is at a defined standard
condition. Nominal and calibrated volume(s) may be given for one or different standard conditions.

The volume to deliver is the standard volume of a measure which can be withdrawn from a full measure
with a defined drain time. It is also the volume which can be filled into a measure which has been pre-
wetted by filling then draining for the defined drain time.

The volume to contain is the standard volume of a clean dry measure. The volume to contain is always
larger than the volume to deliver due to residual liquid remaining on the walls of a wet measure.
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As nominal and calibrated volumes can have different conditions, both should always be clearly
identified as being to contain or to deliver and the standard temperature referenced.

Volumetric measures are classified into two categories separated by what is considered to be a safe
weight for manual handling. This division follows guidance given by OIML-R120[4], NIST-105-3[] and

API-MPMS chapters 4.4[6] and 4.717],

iy

Test measures have volumes between 5 1 and 20 1. However, smaller measures including 3,81 (1 US

gallon) and measures down to 11, manufactured in stainless steel or carbon fibre, are also included
in the classification. Test measures produced following the design, specifications and volumes
defined in regulatory standards are classified as standard measures. Test measures can also be

r

eferred to as field measures when designed to be portable

2) P

[S)

Volumetric measures in glass are a category of cylinders or flasks with volumes1¢ss than 1

not c¢
proce
given

Meas

ktend to tanks up to 20 m3 or above.

vered by this document but may be used as additional volume measurésfor use in th

in ISO 4788.

ires can be top filled or bottom filled.

Drain|
thro

Volunmpetric measures are constructed of materials which should be resistant to corros

and

matel
for la
phen

and deposition even if hydrocarbons are the*only fluid to be used. A low or well-defined

expaf|
norm
expaf|

age of test measures can be by inverting the measure an@pouring out the contents o
h a bottom connection and valve. Proving tanks are dtained from the bottom.

y other fluid which may be used, including cléaning fluids. Stainless steel is the n
ial; however, other metals can be used, particiitarly in older measures. Carbon steel c4
ge secondary measures if internally protected from corrosion through coating with
lic or glass. The use of unprotected carbon steel should be avoided as it is subject

sion of the material is chosen, herice the use of materials such as aluminium and
hlly acceptable (carbon fibre composite being the exception as it has a very low
sion).

The
docu
possi

Const
empt
end c

h

aterial used needs to~be’documented and the coefficient of expansion given i
entation and calibration certificates. This should also be engraved on the marking
ble. Suggested default-coefficients of expansion of materials are given in Annex A.

ruction and design are such that there is minimal distortion of the measure w
ed. This is achieved through adequate thickness of the materials. Strengthening band
osures proVvide adequate stiffness to the measure. Measures are exclusively cylindri

esignand construction should ensure all liquid drains from the measure when it is

roving tanks are measures with larger volumes. Proving tanks can have volumés all)ove 201 and

D 1. These are
e calibration

ss. Standard sizes for glass measures are shown in Annex C. Specifiéations for such feasures are

I by draining

on by water
10St common
in be utilized
epoxy resin,
to corrosion
coefficient of
plastic is not
roefficient of

h the design
plate where

hen filled or
s and shaped
ral in shape.

emptied and
e, with ends

is” expelled when it is filled. The cylindrical section should be vertical or at a slop

mately 30° to

the horizontal. Standard proving tanks and test measures have specified slopes for top and bottom cones.

Internal welds and joints should be smooth and constructed to avoid retention of fluid or air. The
surface finish should be smooth to minimize liquid clingage and contamination through deposition.

Any inspection flanges or joints between sections of the measure should be constructed with metal-
to-metal face joints sealed with “O” rings or non-compressible gaskets to ensure no change in volume
in use, or minimal change if disturbed. Similarly, any insertions into the measure such as thermowells,
connections to sight tubes, windows and valves should be of welded construction or metal-to-metal
faced joints and angled to avoid liquid or air entrapment.

There should be a top vertical neck section with a diameter designed to provide suitable resolution of
volume measurement. In proving tanks there can also be a bottom neck.
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All measures should have means of indicating the volume through the use of a sight glass or window
with a scale, or alternatively a weir, associated with the top neck. This provides the top datum to
indicate the volume. A bottom datum is established at a fixed location which can be the plane of the
drain valve, a weir or a level in a sight glass or window on a bottom neck.

Any valves used with a volumetric measure, for filling or draining, should be demonstrably bubble-tight
on low differential pressure tests. Depending on the duty, valves used for filling should also be leak-
tight at the appropriate pressure. A method for checking valve leakage in the system, usually by means

of visual inspection, is required.

One practical leak-testing method is to first have the measure in a thermally stable environment. It is

then filled a
for a period
shows no sig

Valves shoul
valves can b¢

It is importa
the measure

A means and
to allow repy

Examples of

5.2 Desig

5.2.1 Necksize

All measure
attaining a lg
a scale.

A measure (
resolution of

area in the form of a vertical neck.\This allows a large volume to be collected in the main bog

the level in t
resolution.

While provi
significant b
enough to all

For high-acc

If 1 h or more before rechecking the level has remained constant and the surroundin

nhs of leakage.

1 be sized to suit the filling and drainage flowrates required by the measure} Double
required in some locations.

ht that the operation of the valve, particularly drain valves, has no demonstrable effi
] volume by displacing fluid during operation.

method of providing for calibrations, including connections/and valves, should be dg
oduction of the original calibration conditions.

the different aspects of design are given in subsequent-¢lauses of this document.

h to indicate the volume — Resolution

b rely on a means to indicate or definethe volume contained when full. This can
vel at the top, a weir or overflow, or by observing the level in a window and compar]

an require a large diameter to contain the required volume but this provides a
the level. To provide the required resolution, measures are designed to have a re

he neck to be observed to the required resolution. The narrower the neck, the high

ling adequate™resolution, the cross-sectional area of the neck should not proy
hck pressufie-when the measure is being filled and air vented out. The neck should b
ow the rising level to be observed and the flow to be stopped within the scale.

iracy‘laboratory test measures the neck should be relatively long and narrow; fiel

nrbed
; area

block

ect on

rfined

be by
ing to

poor
Huced
y but
br the

ide a
e long

d test

measures hg

ve“a shorter and relatively wider neck. The neck area is the sum of the cross-sec

tional

areas of the neck, the sight tube and any external top filling tube.

As a guide the neck diameter should be such that 3 mm change in level equates to the maximum
uncertainty in volume required from the measure. For standard measures, the neck volume should be
in the order of = 1 % of the total volume of the tank. Where the filling flowrate is high, or when a high
resolution is required, the neck, and any sight glass and scale, can be longer. Suggested neck diameters
for standard measures are given in OIML-R120[4],

5.2.2 Gauge glass

Measures not employing a top weir should have means of indicating the volume contained. This can
either be a separate sight tube in parallel with the neck or a window inserted into the neck. There should
be a scale associated with the gauge glass. The gauge glass may be longer than the scale associated with
it to allow observation of the level in the tank above and below the measuring section.
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Gauge glass should be manufactured from borosilicate glass unless there is an incompatibility with the
fluids used.

The gauge glass scale allows reading of the level in the neck and has a scale marked or engraved legibly
and indelibly on the scale. Although scale marking could be engraved on the glass, a separate scale
alongside the glass is preferred. A separate scale allows better clarity when reading a meniscus and
allows for adjustment.

Additional information on how to read the level when a meniscus is formed against a gauge glass is
given in Annex D.

The diameter of a sight tube should be such that the desired level of resolution is achieved, taking into
account the formation of a meniscus forming at the tube wall. Standard measures have-r¢commended
tube dliameters given in OIML-R120[41.

tube without
nce allowing
ube to allow

Sight fubes should have a clear, unimpeded entry to allow the fluid to flow evenlyinto the
restriction. The top of the tube should vent into the top of the neck, below~the top, he
free enting of vapour and overflow to the neck. There can be an access to tlie'top of the

cleaning without disturbing the tube and hence the volume of the measuré.

In ad|
differ
diffen

erse environmental conditions, it should be ensured that sight tube temperatyre does not
significantly from the tank temperature. Such a difference car’introduce a volume|error due to
ential temperature expansion of the fluid within the tube.

In co
to pr{
then

Meas

shoul
shoul

ditions of gusting wind, it can be difficult to obtain a:settled level reading in the galige glass due
ssure variations acting on the surface of the liquidiin the neck of the tank. Precaytions should
e taken to protect the top of the neck from the wjitd.

scale. A weir
. Weir edges

ires can have an overflow weir to set the dattim level rather than a gauge glass and
l have similar requirements for resolution“and the diameter (length) of the weiy
H be machined horizontal and the edge chamfered outward to a sharp, defined edge.

5.2.3| Scales

Examjples of scales and markings are shown in Figure 2. Scales should be fitted either si¢gle of a gauge

glass
and c
of me
howe
2 mm

A sin
desig
edge

Whern

or window in a manner that-the level can be seen and related to the scale reading ix
bnsistent way. This shodld maximize clarity and minimize error due to misreading, i
hiscus and operator ifiterpretation. A single scale should be fitted to one side of a gau
ver, a frame design‘with scale marks either side is preferred. Scales should be positio
and 5 mm from‘he side of the window or tube and slightly in front.

rle scale should be positioned to ensure there is no bias in the reading while a scal
h and unjts‘on each side should be of one-piece construction. Scale marks should ¢
bf the scale beside the tube or window.

edual scales in different units are fitted, for example marking in metric and US cusf

I an accurate
dentification
re glass tube;
ned between

b with frame
xtend to the

omary units,

the r

1ot ] J 1 1 1311 41 dezas ] h R | | 1 |
SHUIIAIIU SUAIT SITUUIU DT LT HHITLHIL SUAIT dlTU LT STLUITU STAlIT TIIgh dveUu dpPpplruUpl

iately on the

left-hand side. It would be normal to have a single nominal value determined at calibration on one scale
with the secondary scale marked according to a predetermined conversion factor.

Scales should be clearly and indelibly marked and manufactured in materials which should not be
subject to wear or corrosion. Marking or engraving should be differentiated from the scale material by
a different colour.

Scales should be securely attached but may be adjustable to bring the nominal scale mark in line with
the calibrated volume. The adjustment should be secure and sealed to prevent tampering.

Scales for standard measures should be marked with the nominal volume mark centred on the scale.
Offsetting the nominal volume mark to allow a longer graduated scale either above or below the nominal
marKk is allowable for specific applications. The nominal volume mark should be extended across the
whole width of the scale.
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For standard measures the scale length are normally * 0,5 % of the tank volume. A longer scale can be

required for some applications.

Scales should be clearly marked and major and minor unit markings are advised. Graduation marks

should extend to the edge closest to the gauge glass.

As good practice it is recommended that graduations should be spaced at 2 mm but no less than 1,

5 mm

apart. For standard measures, graduations should be set to indicate an increment relating to 0,05 %
of the volume of the measure. For primary measures this interval should be reduced to 0,02 % and for

high resolution primaries reduced further to 0,01 %.

Itisimportant that scales are oriented to reduce the potential for parallax error when reading. Provision

to allow an operator to attain a horizontal eye line at any point across the range of the scale lengt}
safe and secyre access is required. Qq/

The scale shpuld indicate the value and units of the nominal volume and the units of incrémen

inal volume may be shown anywhere on the scale or against the nomina nk: mark.
increments ghould be values of volume or as * volume increments from the nomin@l, Yolume. M4
as * percenflage from the nominal volume is not advised. The prime importa@ is clarity of

1 with

t. The
Scale
rking
scale

increment mprkings to reduce any chance of misreading. Dual scales should sh@ units on both sides.

The scale plate should show the nominal volume as indicating the VOQ,“Q to contain or volu
portant, however, to recognize the calibrated volume cm@ ave been derived diffe
inal volume and steps should be taken to avoid confusi(ﬂ

+ 4+ +
o oo
’ ;

TR

4+ + + + + + +

G

To deliver 1D 1 @ 20 °
250 ml increments
—

Vo
2OONOOBsWN =

[ R N T O
2 OONOOOAWN =

SbbudbhbdbhlL
o

'
o

@&

o
- © o~

'
R D S
o

me to
rently

n the

. To deliver 101 @ .

ZU U

. To deliver 101 @ . \ 250 ml increments /
20 °C B —

K 250 ml increments /

Key
1 nominal volume mark

2 fixing screw and seal

Figure 2 — Examples of scales
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5.2.4 Adjustment of scale and calibrated volume

Scales can be fitted to allow adjustment of the nominal scale mark to the calibrated volume. Such
adjustment should be secured and sealed to prevent unplanned or unauthorized adjustment.

It is good practice at the time of manufacture, or first calibration, to designate a fixed reference mark
as a scale datum to provide a reference to which subsequent scale adjustments can be referred. This
can be an engraved mark next to the scale or some permanent fixture on the neck to define the position
of the original nominal or calibrated volume mark on the scale. This scale datum should be adequately
described on calibration certificates.

Although it is unusual, any adjustment to a weir should have similar requirements for the setting and

securfing the weir.

A means for adjusting the nominal volume of the measure can be provided, normally-by :
plun
and adjusted. The plunger should be demonstrably leak-tight and the entry inte the me
not provide a trap for air or liquid. Normally the displacement adjustment will'not exceed
nomihal volume. The adjustment should be able to be locked, secured and(sealed.

5.2.5| Levelling

To obfain accurate measurement, the neck of the measure, external gauge glass and filling
be vertical. The error introduced by an incorrect level can be determined by examinir
differfential across the neck, relative to difference from thewertical.

Brim jmeasures and automatic pipettes should have the weir or edge horizontal and at ri
the n¢ck.

Esta
readi
when

ishing the neck to be vertical is vitally important before each use and should be chec
hgs to ensure no change has occurred.\As the level may change in use it should b¢

A spit
be es
man
case

it level or similar device positioned across the top of a neck is not generally suitable.
Fablished by checking the neck-section is vertical. Where the neck is of large diam

facturer of the measure has'ensured the top edge is machined at right angles to the n
l:lor brim measures, a spifitTevel positioned across the top of the neck may be acceptal

Perm
level

“bulld
of su
being
Level
requi

hnent level gaugescéan be fitted to measures. These can consist of a two-axis levg
bauges set at 90%orientation, on a single plate or two plates at right angles. Alternat
eye” level mofinted on a plate can be used. The plate(s) should be securely fixed to
tably robust{construction. The plate surface should be horizontal with reference
vertical(An adjustment mechanism can be provided to ensure this orientation ig
gauges:should be securely fixed and sealed. The resolution of the level gauges shou
red<uticertainty of the measure. Levels with sensitivity of 2,5 mm graduation per 4

the measure is empty and again when-full. Increasing weight might cause movement].

in adjustable

r inserted into the side or top cone of a measure. The plunger displaces volume when inserted

hsure should
0,1 % of the

r tube should
g the height

sht angles to

ked between
b established

Level should
eter and the
eck, as is the
ble.

1 gauge, two
vely, a single
the tank and
to the neck
established.
d reflect the
15 min of tilt

angle| 6rbetter, are usually required.

5.3 Additional design aspects

5.3.1 Temperature measurement

For small test measures, the temperature of the liquid and the measure material can be measured
by inserting a thermometer probe into the neck and extending into the body of the measure. This
method should follow a procedure to ensure inserting and removal of the probe does not affect the
measured volume.

Temperature in larger measures is determined by providing one or more fixed thermowells permanently
inserted into the body of the measure. Thermowells are preferred over directly inserted probes as they
have a fixed displacement within the measure and allow the measurement probe to be removed for
calibration.
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Thermowells should have adequate immersion depth into the body of the measure. Larger measures
might require multiple measurements to determine and then provide an average temperature. The
minimum number of thermowells recommended is given in Table 1.

Table 1 — Number of thermowells required

Size of measure Minimum number of thermowells

litres
Up to 500

500 to 2 000
Morethan 2 000

Thermowells e the

measure. Iti

should be installed to ensure there is no pocket to trap air or liquid at the walkinsi
5 advisable to install with a downward angle to ensure liquid drains off the surface.
Thermomete imize
the exposed

r probes should be a tight fit to the thermowell, extend to the bottom of well and min
ength outside of it. The thermowell should be filled with conductive fltid or paste.

Itis recomm br the

highest accu

bnded that the uncertainty of thermometers used should be 0,2 °G'gp less. However, f
racy applications and for primary measures, uncertainty of 0,05:2C is required.

For the calibpration of a primary measure where an intrinsically safe\thermometer is requirg¢d, an

uncertainty ¢f 0,1 °C would be acceptable if a suitable thermometer iSainavailable.

same

[t is accepted
temperature
protection s

and fluid tenpperature stabilizes and avoids temperature-differentials around and within the me

Variations ix

repeatabilityj.

More detail g

5.3.2 Valv

All compong
manifolds, sh
and contract

isolate the measure from liespressure when not in use can be provided. Valves should be se(

supported tq

Provision sh
The potentia
capture and

| that, in all but the most extreme conditions, the measure material can take up the
as the fluid. However, in adverse environmental<conditions, such as wind, rain o
nould be given to the measure through screens-or insulation. This ensures the m3

temperature can create significant charges in the volume leading to errors and

n thermometer specification and.témperature stability conditions is given in Annex

bs and connections

nts of the calibration and proving system, including the connecting pipes, valve
all be in accordance with applicable pressure codes. Provision shall be made for expd
ion, vibration andCreaction to pressure surges. Valves or provision for blind flang

ensure no undue force is applied when a manual valve is operated.

buld be nrade for the safe disposal of liquids or vapours drained or vented from a me
| for spillage or overflow from measures should be recognized and provision be m3
bafelydispose of any spillage. Portable measures should be emptied, cleaned and all v

r sun,
terial
sure.
poor

0

s and
nsion
res to
urely

hsure.
ide to
hpour

removed bef

bre-transporting.

Use of measures with volatile fluids, such as petrol, requires special consideration regarding the
flammable nature of the fluid and the potential for static electricity discharge. Change of fluid between
volatile and non-volatile fluids, such as petrol and diesel, can produce a flammable vapour mixture
within the measure. This use is sometimes referred to as switch loading. Electrical connection of the
measure and associated pipework to earth is required when using hydrocarbon or inflammable liquids.

Connecting pipework should have diameters selected to allow for the flowrates within the operating
range of the measure. This should minimize variation of fluid retention when draining. This applies
particularly if the measure is filled or emptied and liquid is drained from connecting pipework before
and after each use (empty pipe configuration).

Establishing a defined transfer point between the measure and the device under test is recommended.
The transfer point defines where fluid to be measured during a test passes from one measurement
device to another. For any system, running with a full or empty pipe, the quantity of liquid on each side
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of the transfer point should be the same at the start of the test as at the end. Any difference in volume
of liquid left in the connecting pipe can create a difference between the quantities measured by the two
devices. The transfer point is typically the drain valve body or a weir.

Valves should be leak-tight. They should enable fast and repeatable operation allowing flow to be
stopped with the correct level in the neck. They should also ensure reproducible drain times.

Some valve designs can displace a volume of liquid when operating or have an internal difference in
volume between open and closed position. The potential for this should be recognized when a valve is
chosen for the application and tested to ensure there is no effect on the measured volume introduced by
valve action.

As bofttom valves become part of the measure volume, security seals are normally applied to the valve
body pnd connections to the pipework.

5.3.3| Size of measures

Volunpetric measures may be manufactured to any size to suit a particular purpose,|for example
measjires to accompany a small volume pipe prover. For standard measures, specific [volumes are
defingd. Using defined volumes allow measures to be calibrated using’single or multiple fills from
refer¢nce measures without resorting to smaller make-up measuresor flasks.

Except for special applications, the nominal capacity should be-6f the form 1 x 107 or 2 x 10" or 5 x 107,
wher¢ n is a whole number, either positive or zero. Units should be ml, 1 or m3. For non-metric tanks a
simildr size sequence would be established.

After[manufacture or repair, the calibrated volume of'a'measure would be expected to be within + 2 %
of the designed nominal volume.

Standard measures are recommended or specified by OIML-R120[4] and NIST-105-3[3] With volumes
given|in Table 2.

Table 2 — Recommended sizes for standard measures

Stanjdard test measures Small'proving tanks Large proving tanks | Very large proving tanks
112 1m3 100p m3
212 21 2m3 200p m3
3,81b 3,81p —
51 51 5m3 Continued
101 101 10 m3
204 201 20 m3
501 50 m3
1001 100 m3
2601 260-m3
5001 500 m3
Sizes in italic are specified in OIML R120[4],
a  Small standard measures in carbon fibre or stainless steel are available.
b 1USgallon.

Glass volumetric measures, flasks or cylinders are not covered by this document but may be used,
usually with volumes less than 3,81, as additional volumes in the calibration process. Standard sizes for
glass flasks are given in Annex C following guidance given in ISO 4788

The restriction of a test measure size to 20 1 reflects manual handling limitations. Some older standards
allowed for test measures up to 100 L.
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5.4 Filling and drainage

5.4.1 Drainage times and fluids

Volume measures have a defined capacity between the full and empty datum. This defines the nominal
volume of a measure to contain when dry. When a measure is filled then emptied, residual fluid clings
to the wall, slowly draining away over time. Most test measures and proving tanks are used to deliver,
hence wetted. The calibrated volume is therefore to deliver. Initially the nominal volume of a measure
may be shown as either the volume to contain or the volume to deliver, which could differ from the
calibrated volume to be referenced in use.

To obtain relfabteamd consistent mreasurenents the measure 15 first filted thememptied foracomsjistent
length of timpe. This drain time is defined during the initial calibration of the tank and themused for
subsequent dalibrations and when the measure is in use. The drain time is recorded in the tank’regcords
and calibratipn certificates and should also be clearly defined on the marking plate.

Drainage of Invertible test measures is specified by both a time and a method. Draining an invertible
measure is done by pouring from one side of the neck until cessation of the majin,flow then inverting
vertically forf the specified final drain time. For standard test measures the fifaldrain time shotld be
10 s. Some regulations for standard measures and particular liquids require a first drain (pour) time
to be 30 s. Fgr this and other specifications the main flow time and angle of-pour should be consjistent
and specified in the operating procedures, calibration certificates and reports of calibrations using the
measure.

Many test m¢asures and smaller proving tanks with bottom drains’have a single-stage drain timg. This
requires thedrainage to be through a defined valve setting anddrain pipe arrangement. This is ufually
draining through a fully open valve and short straight lengthof pipe to a container without restriction.
Such measures should have no restrictions or alterations;made to the outlet from the drain valve. The
drain time ig specified as the time between opening the valve to when the valve is closed. It can be a
specified tinje or be defined in a similar way to a finahdrain time.

Other measures and proving tanks may have thesdrain time divided into two stages: i) the first|drain
time where the majority of the liquid is drained at a high flowrate; ii) the final drain time where the last
of the liquid|is drained out to leave a consistent residual volume. Each stage can have a defined|time,
tolerance onfthe time and a defined method assigned to it.

The first drafin time reflects the time-allowed to empty the tank of most of the content. A signifi¢antly
fast or slow flrain time due to variations and differences in the drain pipework can affect the regidual
volume in the tank. For this/réason it is advisable to drain the fluid with the drain valve fully|open.
The first drajfin time is not ¥sually critical and a wide tolerance is allowed. It is good practice to specify
the allowablg range of first drain time in the design and in the operating procedures. It is also| good
practice to r¢cord thefirst drain time and description of the pipework on the calibration certificate and
subsequently when«usihg the measure.

Typical first drain times lie in the range of 10 s to 180 s for prover tanks. It is also advised to haye the
fall rate of t Fepid

Cessation of the first drain time, hence the start of the final drain time, should be identified, defined and
recorded in the calibration certificate and the operating procedure.

Specifying the end of the first drain time varies with tank design and use. Common options to define
the end of the first drain time are as follows:

a) For an invertible measure, main flow is defined by pouring from one edge until the flow breaks
into drops.

b) Foraproving tank, where there is an open drain, main flow ceases when the flow breaks into drops.

c) Foraproving tank with a closed drain and a window, sight glass or weir, the main flow ceases when
the flow breaks into drops.
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d) For a proving tank with a bottom neck and sight glass, main flow is stopped when the level is seen
within the scale and the drain valve closed. The level is either read or lowered through a smaller

drain valve to a datum after the defined drain time.

e) For a proving tank with a bottom weir, the main flow is considered to be completed when it is
observed to break into drops. The final flow to the weir is completed after the defined drain time.
f) For a measure with a fixed restriction in the drain outlet and consistent fluid viscosity, there may

be a single drain time from open valve to closed valve.

It is good practice to define and document the criteria used to decide when the flow is observed to break
into drops as this is open to interpretation. For example, this could be defined as one drop every second.

The fj

and finishes with the closing of the drain valve or retuning an invertible measure to-upri

Final
a spe
longe

Whern
times
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The defined drain time is used for all applications using the measure. If, however, a differe

from
the pi1

nal drain time of a two-stage drain commences immediately after cessation of thefi

drain time may finish at a defined condition, i.e. a very slow dripping rate, but is a
Cified time. Final drain time of 30 s is commonly specified for standardtest measur
I for larger proving tanks.

e a single drain time is specified this has to satisfy the criteria of both first and
Single drain time is usually applicable to measures which draifidirectly to an open g
e no restriction can be placed on the drain outlet.

time is not only a specified time but also a description of how it is achieved. Whel
ined through variable drain restrictions, the resistance introduced by the pipewo
nized as potentially reducing the flowrate, leadingo a longer first drain time.

lingage of fluid increases with increasing viseosity and surface tension. Measures
ated using water with viscosity around 1 mPa s. It is normally accepted that subsequ
ire with fluids of up to 5 mPa s does notintroduce undue error, although for the high
ations the effect of variations in viscosity, even variations in water viscosity with
d be assessed.

f a measure with fluids above 5 miPa s or below 1 mPa s should be accompanied by a
ing in a correction factor applied to the volume or an adjusted drain time. To assess
ction the measure should'be filled with water then drained for the specified time(s).
rain time the valve is not-closed but any further water draining from the vessel collg
ity recorded as a variable with time. The exercise is repeated with the higher viscos
ence in the volunies’collected after the required drain time allows an estimate of
It is to be noted\that viscosity varies significantly with temperature and hence this
o be repeatéd-at different viscosities and temperatures.

Fhat specified on the measure calibration certificate has to be used, this should be cle
ocedure and on any certificate issued along with the assessment of additional uncer

tdrain time
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NOTE

5.4.2

NIST have developed a formula to correct drainage time for viscosity applicable to changes in water
viscosity. This is only of interest to the highest accuracy laboratory work. It is not currently extended to apply to
higher viscosity fluids.

Filling and drainage methods

To allow drainage without entrainment of air, an anti-vortex device, plate or vortex breaker can be
installed in the measure at, or above, the outlet. This should be designed to ensure no air or liquid can
be trapped around or within the device when the measure is filled or emptied. It should be permanently
and securely attached inside the measure.

To drain and fill a measure from the bottom, pipe(s) can be permanently fitted to the measure and are
part of the measure volume. Pipes should be joined to the base of the measure by welding or flanged
with metal-to-metal seals to ensure the volume cannot be altered. Installation should be robust and the

© IS0 2020 - All rights reserved 19


https://standardsiso.com/api/?name=07e4be28a5bcc439a09911bfe00745a7

ISO 8222:2020(E)

pipes supported. Pipes should be of material similar to that of the measure. Any pipe should be angled
downward by at least 15° to ensure good drainage and have adequate diameter to allow free flow at the
required rate.

A means to observe cessation of the drainage flow should be provided. This can be an open pipe
discharge to atmosphere or a window in the drain pipe. Reliance should not be placed on audible means
to detect cessation of flow. If drainage is by pumping, the suction and flowrate should be controlled to
maintain the flowrate within specifications for the first drain time.

Bottom fill can be into the bottom neck, share an entry with the drain or be through a separate entry
into the bottom cone. A filling entry should be positioned to minimize swirl and agitation within the

tank to redu

To fill a mea
the inside w
installations
bubble or fo4

e aeration and evaporation

sure from the top (top filling), the entry should avoid splashing or excessive flow
all of the measure. Test measures and smaller proving tanks, particularly) for n
are usually filled directly through the top of the neck. Care should be taken to
m formation during filling.

Where evapgration or foaming could occur, the installation of a filling tube is récommended. A

tube allows ]
terminate fa

and agitatioy.

Filling tubes
have a large

vent from th
and the top d

op filling but discharges below the surface of the liquid in the measure. A filling tube Y
- enough above the bottom of the measure to avoid restriction tethe flow and reduce]

can be installed as an insert inside the neck or directly #ato the top cone. The tube s
bnough diameter not to restrict the flow into the measure while allowing air and vap
e neck and the tube. A vent connection should be made between the top of the filling
f the neck to ensure levels are equalised.

The filling tiibe becomes part of the measure and therefore should be made of the same mater

the measure
volume and {

An open meg

A closed meq
vent arrange
or below atm
both pressur
draining. W}
set from 20 k

An assessme

and should be fixed securely. A filling tubé& ‘entering to the upper cone gives an addi
hould be carefully considered when determining the resolution of the neck.

sure vents to the atmosphere from.the top of the neck.

sure prevents vapours venting'to the atmosphere and therefore vents through a cont
ment or a vapour recovery.System. This should not produce a pressure significantly
ospheric pressure during\filling or emptying. The top of the measure should be fittec
e relief and vacuum preak valves to prevent overpressure when filling or a vacuum

Pa(g) to 35 kPa(gJ\(3 psig to 5 psig) and a vacuum break set to -20 kPa(g).

nt should beatade to quantify and minimize the risk of loss of product through evapor
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hobile
avoid

filling
would
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ile considering the-design and strength of the measure, a pressure relief valve should be

ation.

5.5 Markings
All volume meéasures should carry identification marking and information on an attached plat¢. The
marking platestoutd bepermmanentty fixed to the mreasure and be mmade of torrosiomand wear-resistant

material. The marking should be engraved or otherwise indelible. The marking should provide the
following information as a minimum:

— nominal

identification or serial number;

volume at reference temperature.

All other required information should be available in the design documentation and on calibration
certificates. Some or all of the additional information may be included on the marking plate as
space allows.

Additional information should be:

— marking to show nominal volume is to deliver or to contain;

20 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=07e4be28a5bcc439a09911bfe00745a7

ISO 8222:2020(E)

— manufacturer’s name;

— date of manufacture or modification;

— material of construction;

— coefficient of expansion of the material (linear or cubical);
— reference temperature(s);

— first drainage time (with range of times or flowrates);

—  final drninngp time:

— alternative drain times for other fluids;

— definition of drainage time or cessation of first flow;
— bplt torque values for any removable openings;

— description of scale datum location.

Calibrated volume is not normally recorded on the marking plate @inless the marking plate is to be
changed at each calibration.

6 'Test measures

6.1 |Overview

Test theasures are volumetric measures with capacities between 51and 20 [; 20 1 being the largest tank
deempd acceptable for manual handling. Smaller measures of 3,8 1 (1 US gallon) are in¢luded in the
definition as are smaller measures as low-as T 1 manufactured in stainless steel or carbon fibre.

Except for special applications, the fominal volumes for standard measures should be of the form
1x1("or 2 x 10" or 5 x 10", where n'is a whole number with the units being litres. A similafr sequence is
recommended for tanks using noh-metric units.

Test heasures may be designed to have the nominal volume to contain or to deliver.

The dalibrated to contain/volume should be determined, particularly for a measure to be used with
volatile products where’the measure is allowed to dry, through evaporation, between fills

More|commonlysnieasures are calibrated to deliver but may be designed and marked witH the nominal
volunpe to contajn. The calibrated volume to deliver will be given in the calibration certifidate.

Test measures can be used to calibrate flowmeters, other measures and devices and donfigured to
fill. Théy)can also be used as references to calibrate other measures and configured to withdraw. Test
measures are predominantly used to define the volume delivered from other volume measures, pipe
provers or storage tanks. This can be directly, or as a link in the traceability chain, for example to
calibrate/verify a reference flowmeter.

Test measures can be of invertible or bottom drain design. They can be filled from the bottom or the
top. Top filling can be directly into the neck or through a filling tube, as is recommended when foaming
or aeration in the liquid is likely.

Test measures follow the general design and construction criteria given in Clause 4.
Examples of three test measure designs are given in Figure 3.

Figure 3 a) shows an invertible test measure with an upper neck and scale. The measure is top filled
until the level is shown in the gauge glass.

© IS0 2020 - All rights reserved 21


https://standardsiso.com/api/?name=07e4be28a5bcc439a09911bfe00745a7

ISO 8222:2020(E)

Figure 3b) shows a standard test measure with a bottom drain and top neck and scale.

Figure 3 c) shows an invertible brim measure. The volume is defined by filling to the brim then pouring
the contents for the appropriate drain times into the receiving vessel. Some designs establish the level
by wiping the top surface using a plate to ensure consistency of the meniscus (strike measure). This
type of measure is not discussed further in this document.

The features of a test measure designed as an automatic pipette are described in 8.2.

¥ B — |

o ———

| E

a) Invertible testmeasure

13 )

1k 1:c§:|

b) Bottom drain test measure
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¢) Brim measure
upper cone 9  side tube and scale [option)
npck 10 sight tube and'scale (option)
window scale 11 bottom cone
strengthening bands 12 drainpipe and valve
cpnvex bottom 13 widettop
two axis level 14 <overflow catchment
rolled top 150 brim-sharp edge
bhse 16 overflow and drain
Figure 3.— Test measures
Design and construction of test measures
Test heasures should be construeted taking account of the following guidelines:
The measure shall have the general features given in Clause 5 and in 6.1.
Thhe body should be.avertical cylinder with a top conical section leading to the neck. The base angle
of the cone shall-be’approximately 30° to the horizontal. For standard measures the tgp cone angle
should be 35%
There should be a ring around the base of the body to support the measure and three |egs, or other
means.provided to support and level the measure.
Fpt-bottom drain measures there should be a cone leading down to the bottom drgin pipe with
an angle approximately 30° to the horizontal. For standard measures the bottom cone angle

f)

g)

should be 20°.

The bottom of invertible measures can be convex upwards to ensure rigidity and that no distortion
occurs when filling.

The scale should be as described in Clause 5. For invertible measures a separate sight gauge tube is
not advised due to the vulnerability to damage.

The top of the neck above the measuring section can be expanded to reduce the rate of level rise,
hence reducing the chance of overflow. Generally, there can be a strengthening band or rolled metal
lip to the rim to give strength. For brim measures the top of the neck shall be machined at right
angles to the vertical axis, be chamfered towards the bore and can have an integral overflow and
catch volume which can be drained to a collection point or reservoir.
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h)

j)

k)

D)

p)

q)

There can be an extended body section or trough above the start of the upper cone to act as a
catchment if there is an overflow.

Lifting handles should be securely fixed to the body or the top of the neck to facilitate lifting and
pouring. The design of such handles is not regulated; however, there are significant safety risks
should a handle fail in service.

There can be a swivel-type handle fitted to the neck to allow vertical lifting and holding while
pouring. This should be attached securely and in such a way as to not affect or alter the volume
of the neck. Similarly, fixed handles on the body or in the base ring should be such that there is no
distortion of the vessel when lifted.

every fill. The use of adjustable feet or shims could be required for field use. An adjustablg base
plate canm be used to provide a level surface to place the measure during use. The sefisitivitly and
stability|is discussed in 5.2.5.

There si}\ould be a means to ensure the measure is level in use and is checked and adjusted after
|

Bottom flrain test measures do not normally have a bottom neck. The drain pipg’is connected or
welded iphto the lowest point of the bottom cone in such a way as to avoid any(retention of flui¢l. The
pipe shojld be vertical, or vertical with an extension pipe at a downward-angle at no less than 15°
to termipate in a drain valve which may be outside the circumference ofthe measure body.

As the bpttom datum is defined by the valve, a means to monitor farleakage and for observatfion of
the cessqtion of the first drain time should be provided.

Bottom-frain test measures should have a base robust enouigh to raise the measure aboye the
level of the drain valve termination and have means to leyél'the measure. The drain pipe should be
supportéd and protected from damage when being transported, connecting pipework and [when
operating the valve.

Inspectipn and cleaning of larger test measures can be done by splitting the tank at the join befween
the top qone and the body. The joint shall be.metal-to-metal and incorporate an “O” ring or 4 non-
compressible gasket with specific thicknes$.and material. Flange bolt torque should be specified
and marfked on the design records, procedures and the calibration certificate. The flange join is
designed so that no air can be trapped-when filling, nor any water retained upon draining. The
measurd should be recalibrated afterany break of the joint. Where a measure is designed to bg split
or hingefl on a regular basis for transportation, it should be demonstrated that no change in vplume
occurs when following the spegified procedures. Such records give confidence that recalibration is
not requlired after each reaSsembly.

As the displacement afid Volume of a top fill filling tube, if fitted, forms a significant part pf the
overall neck volume, the design should be carefully considered. The principles are described in(5.4.2.

ecific

3 3 asure carrie a vehicle 3 event 2 hpour
or fumes entering the cab of the vehicle. It should be fully vented and purged after use and before
being transported.

Proving tanks

7.1 Overview

Proving tanks are generally volumetric measures with a capacity greater than 20 1 but measures
designed as proving tanks are available with smaller volumes. Except for special applications, the
nominal capacity for standard proving tanks should be of the form 1 x 107, 2 x 10" or 5 x 10", where n is
a whole number with the units being either m3 or litres. A similar sequence is recommended for tanks
using non-metric units.

24
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These devices are designed for calibrating larger volumetric measures, displacement provers or the
calibration (proving) of flowmeters. Proving tanks are almost exclusively to deliver measures. For the
calibration of very large proving tanks, smaller proving tanks may be used to withdraw, i.e. to fill the
device under test. Most proving tanks are, however, used configured to fill, i.e. to receive liquid from
the device under test.

Proving tanks are usually calibrated by higher accuracy measures, often by multiple fills. Where a
suitable weighing capability is available they can be calibrated gravimetrically. Very large tanks may be
calibrated using a reference flowmeter.

The volume is determined by measuring the liquid level in the neck against scale graduations indicating

incremental volume, Table 3 is given as guidance to the critical dimensions which are
provipg tanks up to 5 000 1 and the principles can be extrapolated to larger sizes. This
be usgd as guidance and any tank should be designed to meet the criteria required-for t

applid

xpected for

ation.

Table 3 — Suggested critical dimensions for provingtanks

table should
he particular

Minimum Neck Neck Weir diameter
Nojmninal volume metal diameter diameter | Drain diameter (iflused)
thickness | (minimum) | (maximum) (makimum)

1 mm mm mm mm mm
20 to 100 2 30 100 37-56 —
101 to 500 3 50 250 50-75 15
01 to 1 000 3 100 300 50-75 20
11001 to 2 500 4 150 450 75-100 20
2(501to 5000 5 250 500 100-150 25

NOTE| The size of the necks can be different depending on the required sensitivity and use of the tank.

Therg are two basic designs of proving tank:

1) Vplumetric measure with a cylindrical body, top and bottom cone sections and a toy and bottom
neck, with drain being taken fftiem the bottom of the bottom neck. Tanks can drain thrgugh weirs as
shown in Figure 4 or have a direct drain as shown in Figure 5. The latter has the bott¢m neck with
a|graduated bottom scale,

2) Vplumetric measuréswhere the body is an inclined cylinder with a top graduated jneck located

F the highest point of the measure have a bottom drain or neck at the lowest point
jgure 6.

e <

as shown in
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Figure 4 — Proving tank with bottom neck and draining through weirs
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1 bpdy 9  thermowell
2 bpttom cone 10 split tank (metal-metal join) (optional)
3  tgp cone 11 level
4 bpttom neck with-dptional scale 12 top neck
5  Dbpttom fill yalve 13 scale window (optional)
6  dplivery/drain valve 14 neck drain (optional)
7  window'to observe delivery 15 top overflow or weir
8 plunger nﬂjncfnr (r\pf‘ir\na]) 16 side tuhe with mingr weir (r\pfir\nn )

© IS0 2020 - All rights reserved

Figure 5 — Proving tank with bottom neck

27


https://standardsiso.com/api/?name=07e4be28a5bcc439a09911bfe00745a7

ISO 8222:2020(E)

—=
4

Key

1 neck with integral window scale
2 sump drajn

3 bottom fi]l

4  drain

5 vapour vgnt and overflow drain
6  thermowtlls

Figure 6 — Inclined cylindrical proving tank

7.2 Genenal=construction

Prover tanks shall have the general features described in Clause 5. As the definition of a prover tank
and a bottom drain test measure is based on size (weight), the designs referenced in Clause 6 can also
be applicable.

7.3 Bottom neck

Proving tanks can be drained from the base of the bottom cone as described in 6.1 and 6.2. They can
also be designed to have a bottom neck prior to the drain valve.

A tank with a bottom neck should have the lower datum below or within the neck. If the datum is
within the neck, the bottom neck should be of a diameter not greater than that of the top neck. The
lower datum shall be in the form of either valve(s) in the drain and fill pipes at the bottom of the lower
neck, or a weir establishing a level within the lower neck. When a weir is used as the lower datum, a
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syphon breaker of not less than 25 mm diameter shall be fitted to a hump in the outlet pipe. The lower
internal level of the hump shall be above the datum weir. All valves employed shall be capable of being
monitored for leakage.

Alternatively, a gauge glass may be installed to show a level in the lower neck.

A drain cock can be fitted at the bottom of the lower neck to completely drain the measure neck or to
establish a level in a lower neck sight gauge during calibration. This valve should be closed, provided
with a means to ensure it is leak tight and a seal or protection against opening when the measure is in
service.

7.4 [Strength

The groving tank should be robust and the metal thickness adequate to prevent distortion when the
tank 1s filling or being emptied. While standard proving tanks up to 5 000 | have recommgndations on
steel thickness for some sizes suggested in Table 3, larger tanks require detailedstructurdl design.

7.5 |Support

The sppports for the tank should allow for levelling and be designed‘to*avoid any undue ptress on the
mounting and fixing to the tank body or base. Trucks or trailers with’tanks fitted should have jacks or
supparts to stabilize and level the vehicle with final levelling being'carried out at the tank

7.6 |Size

Whilg¢ standard proving tanks have recommended ox:mandatory neck sizes and lengths, non-standard
and l1grger tanks are designed to suit the application\and the available height.

7.7 |[Mobility

Wherpe the tank has to be mobile or transported, lifting points should be easily accessibl¢ and located
such fhat lifting cannot damage, distont or stress the tank. Protection should be provided for gauge
glassgs.

Wherje a measure is designed to)be split or hinged on a regular basis for transportation it should be
demopstrated and recorded that no change in volume occurs when split and reassembled following the
specified procedures or that'recalibration is required after each reassembly.

7.8 |Overflow and vapour recovery

Due tpo the largef volumes and higher flowrates, care should be taken with the design [of the filling
arranjgements:to avoid overflow.

If spdcified, vapour should be extracted from just below the top of the neck. Any systgm should be
desighedto—avoid over-pressure when filling the tank or under-pressure (vacuum} when draining.
Under-pressure can lead to evaporation loss or, in extreme cases, the vacuum damaging the tank.
Pressure relief valves can be considered and sized to accommodate the potential flowrates of gas when

the tank is being filled. More information is given in 5.4.

The potential for spillage, especially from overfilling large tanks, should be considered as high flowrates
could lead to large quantities of liquid being lost. Precautions should be taken to safely contain spillage,
should overflow occur.

7.9 Filling and drainage

Tanks can be drained by gravity or by a pumped system. Pumped systems should be regulated to avoid
areduced pressure in the tank. Flowrate should be controlled to keep within the range of the first drain
time specified for the tank, hence allowing for a reproducible drain time.
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Top fill tubes should be sized with the resolution of the neck fully considered along with the potential
fill rate and vapour/gas release.

8 Alternative designs

8.1 High-accuracy designs

Measures can be manufactured with accuracy higher than that achievable with a standard test measure
or standard proving tank. To design a high-accuracy measure significant care should be taken with
finish and quality of all joins and connections.

Additional cfre should be given to the neck to ensure consistent diameter and roundness-alo
length. Levelling should ensure the neck is vertical in service.

ng its

The neck, gajuge glass and scale should be designed to achieve the desired resolution~This requfires a
longer and nprrower neck section than would be required for a standard measure. Ifja"harrower neck
the effect of § meniscus should be recognized.

A narrower feck can place a limitation on the filling flowrate.

8.2 Automatic pipettes

Automatic pipettes are measures which are filled to a level determihed by a weir at a set position fin the
top neck. The¢ weir can be the top edge of the neck, a pipe parallelto'the neck with a defined top edlge or
another weilf device which defines a level within the neck. A coimmon arrangement for a top ovedrflow
weir of an aufomatic pipette consists of a vertical overflow tube discharging into a transparent ovdrflow
chamber fitted with a drain and an air vent.

The weir ma
fluid overflo
second weir.
being below

Automatic p
test. They a

r
(calibrated tF

An automati
more liquid
following the

An alternatiy
placed at the
reading or d:

be in one or two parts. The top edge of the neck can provide the first weir from
vs. If in two parts, on stopping the fill\the level drops from the top weir to the lev{

Lhe top of the neck and the first (veir.

ettes are generally high-aeciiracy devices designed to withdraw liquid to a device
normally calibrated gravimetrically to deliver by draining directly into a weighing
withdraw).

C pipette is filled until fluid overflows from the weir(s). It is then allowed to settle uf
verflows and a<tméniscus is formed. The liquid is then drained out to the device undg
defined draintimes. It is usual to use a pipette to calibrate other measures.

re arrangement is described as a semi-automatic pipette. In this case there is a drain
t base. of the neck allowing, after filling, the level to be reduced to a consistent v
itum mark on the scale.

Wwhich
bl of a

This second weir is formed by a small-bore vertical tube in parallel with the neck, the top

linder
ressel

til no
I test

valve
blume

8.3 Proving tanks with bottom sight gauge

Proving tanks with a bottom neck define the calibrated volume as being between the top and bottom
datum marks. The volume is measured by the difference between the volume read on the bottom scale
and the top scale. The bottom scale is marked in a similar way to the top scale. For a standard measure
the bottom scale should have a range of 0,5 %.

To use a measure with a bottom scale there can be a main drain valve. However, a secondary (smaller)
valve can be fitted to allow more controlled drainage, hence establishing a level within the range of
the bottom scale. The drainage rate is reduced by throttling the main drain valve then closing it just
as, or just before, the level is observed in the bottom sight gauge. The small drain valve is then opened
and draining continues until the level is below the datum line and the valve closed. The drain time
commences when both valves are closed and the level in the gauge scale is read and recorded as the
empty volume after the drain time has elapsed.
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In the time between reading the empty volume and starting to fill the measure, the observed level in
the bottom scale rises due to liquid draining down the walls of the tank. This increased level is not to
be used in the measurement; however, it could be used as a good measure of correction factors to be
applied for different viscosity fluids.

9

Calibration

9.1 General

Regular cahbratlon of measures is requlred to provide confldence in the volume particularly where

regulation or
policy from the user. It is good practlce however, not to rely on defined calibration intervjals alone but
to examine the risk of a change in volume developing while in use and recalibrate-atintdrvals to give
the rqgquired confidence.

Common practice in industry suggests that high-accuracy reference measureslare calibrated annually.

Fixed|or laboratory measures and proving tanks require recalibration every three years, while mobile

field measures which are carefully controlled require recalibration ever§ztwo years. Recaljbrations are,

howeyer, required after any incidence of damage or contamination.

Ther¢ are several techniques for calibrating a volumetric meastte. This document deals with three

of thgm:

1) gravimetric by withdrawing (water-draw or Ex) or by.fill (In) outlined in 9.3;

2) vplumetric by withdrawing (water-draw or Ex) or®y fill (In) outlined in 9.4;

3) reference flowmeter by fill (In) outlined in 9,52

9.2 (Common calibration procedures

To calibrate a measure there are a number of generic steps which can be followed:

a) On receipt, and prior to starting the calibration, the external features of the tank should be
imspected. Any damage td the outside of the tank should be recorded. Seals on yalves, scales
aphd adjusters should be'inspected for breakage or tampering. The scale datum posjtion and the
difference from the nominal volume mark should be recorded and compared with [the previous
cplibration certificate:

b) e marking plate should be inspected and the necessary information recorded and compared with
the manufactured specification and previous calibration certificates. Any discrepandy or missing
information)should be investigated.

c) ithout opening the measure, inspect the interior as far as practicable. Observe for debris,
cprrosion or deposits on the wall. Clean the sight window/tube if possible without altering the
volume. If the measure has to be cleaned, determine if a pre-cleaning and post-cleaning calibration
has to be performed. At the appropriate time, clean the measure internally with the appropriate
solvents, water or detergent. Flush the measure thoroughly to remove any trace of cleaning fluids
as these can reduce surface tension, hence altering residual volume.

d) For primary and reference measures calibrated in a laboratory the measure should be cleaned of
all contamination before any work commences.

e) Check all valves and connections for leakage. Clean out thermowells and refill with appropriate
conductive fluid.

f) Level the measure. Confirm accuracy of fitted level indicators.

g) Determine the method of calibration and the required uncertainty and acceptance criteria. Record

this on the certificate.
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h)

j)

k)

D)

p)

q)

t)

32

Set up the calibration circuit with the appropriate reference devices. Ensure these have valid
calibration certificates. Install temperature measurement devices in both the measure under
test and at the reference. Ensure adequate supply of calibration liquid and means to recirculate
and dispose of it. Provide environmental protection from sun, wind and cold to ensure a stable
environment for the system. Ensure all required reference conditions, i.e. influence factors such as
ambient temperature, can be maintained throughout the calibration period.

Allow the measure and the circuit to stabilize to the environmental temperature. For primary and
reference measures this should never be less than 1 h and, if practicable, at least 6 h to stabilize
conditions (see Annex B).

Confirm the drain times to be used and record this along with details of any drainage pipework
and restfictions. A sketch drawing can be the best record. Record if the calibration is to be bylfill or
withdraw.

Fill the measure and check the valves and all connections for leakage. Drain fof)the specified
drainagg time. Repeat if contamination is observed in the liquid drained out. Repeat as required
until thg measure is seen to be clean and temperatures are stable. This processiis to stabilize the
circuit, test for leakage, establish filling and drainage times and establish a-wet measure.

If monitoring water purity, either relative density or conductivity Should be measured and
compardd with defined acceptance criteria. A sample can be taken and sealed for subsejquent
laboratofy determination of (relative) density if necessary. This,should be repeated at the ¢nd of
the test from a second sample.

Record gambient conditions and other influence factors (e,g."barometric pressure and humjdity).
This should be repeated at intervals during the calibrationand again on completion.

Carry out a number of repeat calibrations. Calculate~the repeatability and the mean valug¢. The
repeataljility can be compared against an acceptability criterion.

The nunjber of repeat points depends on theirequired uncertainty. Regulatory requirements and
common| practice usually specify three or fie consecutive points to fall within a stated rangg. This
can be 4 0,01 % for reference measures_or + 0,02 % for working field standards (see Annex E).
For high precision, measures up to 10 -points (but no more than 15) may be repeated and the
repeatability defined as the standard-deviation of the mean.

NOTE If the conditions are stable it is usually satisfactory to use the measured volumes rathef than
the calcujated volumes to indicate an acceptable repeatability is achieved during the test. This can then be
confirmef retrospectively after’the calculation is completed.

The mean value is compared with the previous calibration if available. If the difference is considered
significaﬁ}nt then an\investigation is initiated and where remedial actions are deemed necepsary,
for exanpple cleaning the tank, the calibration should be repeated in full. For most applicat]ons a
significan[wt difference can be 0,02 % of the volume.

Verificatiion/of the neck volume as indicated by the scale marks, i.e. mm/l, is best carried out before
the calibration and the result recorded and checked against acceptability criteria.

The final calculations are completed using corrected water densities and a calibrated volume and
scale error established.

On completion, the scale or adjustment plunger may be adjusted to align the nominal scale mark
with the measured calibrated volume. A confirmation calibration fill is then performed to verify
the adjustment. The adjustment and the result of the confirmation should be recorded on the
certificate.

If the results are dependent on a laboratory-determined relative water density, a preliminary
certificate can be provided with a final certificate given after recalculation.
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9.3 Gravimetric calibration

9.3.1 Principle

Gravimetric calibration provides the most direct traceability to standards of mass. As such it is the
preferred method for the calibration of primary measures and automatic pipettes. Pure or drinking
water (see Annex A) is the preferred liquid for gravimetric calibration. The purity of the water can be
monitored by measurement of density or conductivity during the duration of the test.

Water density should be measured using a calibrated density meter providing the required uncertainty.
This can be from a sample taken at the start of the test and a second sample taken on completion of the

test.
densi
densi

Ly, relative density can be used to indicate water purity and also used to correct
[y based on pure water density formulae (see Annex A).

The liquid withdrawn from or filled into the measure under test is weighed. The'weight is

buoy4

ncy to give the mass. Volume is calculated from mass and density.
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hrate tank or container mounted on a weighing machine. It is unusual to fill a me
iner mounted on a weighing machine and it is difficult'to provide for a bottom fill f
h weighing container.

reighing machine should be chosen with a range to suit the weight of the empty and

or coitainer. The measure or container should bellevel, stable and secure on the weighing

ed in such a way as to prevent uneven lpading of the weighing machine when filled ¢

cale should be pre-calibrated using-a:suitable class of mass standards, for example
ML R111-1[3], with calibration certificates from or traceable to a competent labora
EC 17025 or an NMI. A further post-test calibration of the weigh scale can be carried

weighing there should beyho external connections such as drain or fill hoses, or {
5 which might influence(the weighing.

the measure and the weighing machine should be shielded from environmental ef
sun, vibration and rain. The weighing machine in particular should be located in

ghing scalesfEURAMET cg 18[1%] can be consulted.

pmidity-shHould be below that where condensation is possible on surfaces of the weigh
meastlre, taking into consideration the possibility of lower than ambient liquid tem
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ion-free envirenment which is thermally stable. For more information on the use and calibration

ng container
erature.
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The connecting pipework between the measure and the container should allow complete and consistent

trans

fer of liquid without retention, leakage or splashing.

Automatic pipettes require overflow water to be drained away in such a way as not to affect the
weighing.

9.3.2

Calibration circuit and equipment

A circuit and pump is arranged to allow the measure to be filled from top or bottom, as required in a
suitable time period. This can be from a pumped source or a gravity feed. A means to drain the measure
to the weighing container, or to a drain or reservoir, should be established. Such a drain should not
allow liquid hold-up in the pipework or restrict the flow.
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Instruments to measure temperature in the measure, and optionally the weighing container, should be
provided. Instruments to measure ambient temperature, atmospheric pressure and humidity should
also be provided.

9.3.3 Procedure for calibrating a measure gravimetrically
There are a number of steps which can be followed to provide a gravimetric calibration of a measure.

a) Fill the measure under test to the nominal volume mark, brim or weir. Allow to stand until the
temperature is stable. Note the water temperature.

b)

) sump.
DS out
ainer.

d) hwing

tanks

e) If a meapure is to be calibrated by withdrawal, the drain time, panticularly the first drain|time,
should bg considered. Withdrawing slowly, especially if multiple withdrawals are required, exttends
both the|total and the first drain times significantly, hence reduicing the clingage volume. It should
be ensufed that the total drain time remains within specification. Times between withdrpwals
should He minimized and the last withdrawal should include all of the final drain time. Fgr this
reason if is recommended that larger proving tanks are calibrated by filling.

f) The indicated volume from the measure is corrected to the required standard temperatur¢. The
volume yeighed is calculated from mass and water density and corrected to standard volunpe. An
error value is calculated.

g) The progedure given in steps a to e is now repeated a further number of times as specified to
establish repeatability and an acceptable mean value for the calibrated volume.

h) The firs{ fill is considered as the““wetting” fill and pre-test result. The result should be calcuflated,
recorded and retained. This result would not be reported on the final certificate or used to calgulate
the mean calibrated volumeZltshould be used, however, to identify if there is an unacceptable ferror.
If the errtor is unacceptablée an investigation should be initiated to the measure and the refgrence
method and equipment,

i) A representative-~sample of the water should be taken mid-way through the test to allow a
measurgment ef‘the density. Optionally, two samples are taken: one after the first reportable fill
and one pfter the last reportable fill.

]) Calculatéethemean error from the nominal volume

9.4 Volumetric calibration

9.4.1 Principle

This method of calibration involves transferring a volume of liquid between the measure under test
and the reference volume measure. The method requires the use of calibrated volume measures with
suitable traceability to national standards, preferably provided by a competent laboratory meeting
ISO/IEC 17025 or an NMI.

If primary reference measures are used as the reference, only pure or clean drinking water should be
used. For the calibration of working standard and field measures, particularly large measures, another
characterized and stable liquid may be used. Filtered brackish, saline or seawater may be used if
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compatible with the measures. Light refined non-volatile hydrocarbon products, for example diesel or
similar liquids, may also be used as long as the measure material is compatible. Highly saline water,

brine

NOTE

or viscous hydrocarbons should not be used.

For ambient conditions see Annex B.

A preliminary or first fill should be carried out as suggested in 9.3.

The result can also be used to match the total reference volume to the volume of the measure under
test, and to identify any small volume measures required to add or withdraw liquid to achieve a volume
reading close to the nominal volume mark.

For alﬁy lquId, d representatlve sample Should be taken for determination ot purlty and rel
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amples are taken, one after the first reportable fill and one after the last repontah
 be retained for future analyses. Monitoring of the purity and density can‘be u
rals during the test to ensure stability.

juids other than water it should be established that the expansion factors’follow thg
thm.

Calibration circuit and equipment

ume measures have a very limited range of measured velume it is important to he
e measures available to match the volume of the measure under test. Where a g
ire or proving tank is to be calibrated, a reference, of\the same size should be use
ire is large, the calibration can be by multiple fills of‘a suitable reference. It is recomn
re than 10 fills be employed. For non-standard sized measures, or where the availa
hot provide the full number of complete fills,.additional reference measures should

ility.

ires and flasks available to medsure any gross error identified in the calibrat
'ment. For multiple fills from larger measures it can reduce the time and improve
reference measures are employed alternatively, one being filled while the other is ¢

Ing.

eference measure(s)cshould be located on a firm stable base and levelled. Provisi
to handle any overflow or vapour recovery from the reference measures. The measu
H be located in_a-similar manner. The reference measures should be located as clof
ire as practieable and connected in a way to minimize or eliminate any residual lig
easures. If-the measure under test is being calibrated by filling, the references c3
d above‘the measure under test. If calibrating by withdrawal, the references should
ire under test.

The mpéasures should be protected from environmental effects such as wind, sun and rain

htive density:.
le fill. These
ndertaken at

appropriate

ve reference
tandard test
1. Where the
mended that
ble reference
be available

ke up the full volume. This can require additional small volume glass measures of a weighing

dvisable, particularly for a first calibration or after a refurbishment, to have additional small

ion prior to
repeatability
mptying and

bn should be
re under test
e to the test
uid between
n usually be
be below the

The humidity should be below that where condensation is possible on internal and external surfaces of
the measures, taking into consideration the possibility of lower-than-ambient liquid temperature.

Calibrating by filling requires a circuit and pump arranged to allow the reference measure to be filled
from top or bottom as required. The measure under test should have drain arrangements to allow
drainage at a rate within the specified drain times. The measure under test can usually be top filled
by draining the reference measures into it. This transfer pipework should be short and minimize any
liquid retention in the pipe.

If calibrating by withdrawal the drain times for the measure under test should be considered when
establishing the transfer of liquid from the measure to the reference(s). The measure under test can be
filled from top or bottom. It is normal to have the reference top filled. Establishing transfer pipework
for bottom fill without liquid retention would be difficult. The transfer pipework should be short and
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minimize any liquid retention. A means to drain the reference measure(s) safely for the required drain
times should be established.

A means to measure the temperature of both the measure under test and the reference measures should
be in place. If the temperature sensors are permanently installed, either directly or in thermowells, as
part of a measurement system, these should be used for the calibration but should be calibrated and/
or verified before the calibration starts. The reference measure temperature measurement should be
calibrated and fully traceable.

9.4.3 Procedure for calibrating a measure volumetrically (water pour)

There are a

a) Fill the1
are levell
b)
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d) Record
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f) This pro
the gaug
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under te|
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eference measure(s) and allow to stand. Check for any leakage and that the meas

Fill the measure under test to the nominal volume mark. Allow to stand until the temperat|

heck for any leakage and that the measure is level.
e measure under test for the specified drain times and close the drdin valves.

he temperature of the reference measure (fluid). If the temperature is measur
b a thermometer directly into the neck, this should be dene‘and the probe removec
hen re-established and read.

e measure for the specified drain time(s) by pouring inito the measure under test then

the draim valve. The reference measure can then be refilled

There are a

Ccess can be repeated for multiple fills until the'measure under test is full to show a le
e scale. Recommendations given in 9.4.5.2 should be considered for multiple fills.

he volume in the measure under test,“along with the (fluid) temperature. The me
5t can be now be drained for the spgcified drain time(s).

cedure given in steps a to g is now repeated a further number of times as specif
repeatability and an acceptable mean value for the calibrated volume.

e the sum of the standard volumes of each reference fill. Calculate the standard v
heasure under test and by comparison with the reference volume the mean error g
d.

edure for calibrating a measure volumetrically (water withdraw)
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Fill the measure under test to the nominal volume mark. Allow to stand until the temperature is
stable. Check for any leakage and that the measure is level.

Drain the reference measure(s) for the specified drain times and close off the drain(s). Note that a
reference measure not being used immediately may be left full and then drained just before use.

Record the temperature of the measure under test. If the temperature is measured by inserting a
thermometer directly into the neck, this should be done and the probe removed. The level is then
re-established and read.
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e) The measure under test is now drained into the reference measures for the specified drain time
with the drain closed after completion. For multiple withdrawals the recommendations given in
9.4.5.2 should be considered.

f)  When each reference measure is filled, the volume is read from the scale and recorded and the
temperature read and recorded. The measure is then drained for the specified times.

g) This process can be repeated for multiple withdrawals with the last withdrawal conforming with
the drain time specified.

h) The procedure given in steps a to f is now repeated a further number of times as specified to
establish repeatability and an acceptable mean value for the calibrated volume.

i) Cplculate the sum of the standard volumes of each withdrawal. Calculate the standard volume
for the measure under test and by comparison with the reference volume the-mean|error can be
cplculated.

9.4.5| Additional notes on procedures

9.4.5{1 Repeat points

The fjumber of repeat points depends on the required uncertainty and regulatory requ
general, three or five consecutive points are necessary. Repeatability acceptability can be

referg

9.4.5

For a

nce measures and * 0,02 % for working field standards.(see Annex E).

2 Multiple and additional fills

calibration by filling, the delivered volume, should be less than the sum of the chos

measfires. Smaller reference measures or graduated flasks may be used to add liquid to b
withip the scale or up to the nominal mark ofithe measure under test.

For a

calibration by withdrawal, the volume should be greater than the sum of the refere

This then requires some liquid to be rémoved and measured using a smaller measure or gra

The vplume collected, corrected teistandard conditions, in additional measures or flasks ¥
or subptracted from the reference’volume. The use of a weighing vessel, rather than a mea

canb

For nmultiple fills of, or'withdrawals from, reference measures, each volume is individua
and dalculated. The~temperature in each reference fill is allowed to stabilize, then the

temp

brature recorded. The volume for each reference measure is recorded and calculate

irements. In
+ 0,01 % for

en reference
ring the level

nce volumes.
duated flask.

will be added
sure or flask,

b advantageous as it has-a much wider range to cover an initially indeterminate voluine.

ly measured
volume and
d separately

beforg being totalled.

If a measuxre.is to be calibrated by multiple withdrawals, care should be taken not to|compromise
the drain‘times. The drain time, particularly the first drain time, should be considered. Withdrawing
slowly with time between withdrawals can extend both the total and the first drain times significantly,
hence reducing the clingage volume. It should be ensured that the total drain time remains within
specification. Times between withdrawals should be minimized and the use of two or more reference
measures should be considered, one filling while the others drain. The last withdrawal should include
all of the final drain time from the measure under test. For these reasons it is recommended that larger
proving tanks are calibrated by filling.

9.4.5.3 Temperature measured by insertion in neck

Temperature can be measured by inserting a thermometer directly into the neck then the probe
removed.

For a measure being filled this is done after the volume and the weight - if the measure is mounted on
a weighing machine - is recorded. For a measure calibrated by withdrawal the water temperature is
recorded the volume read or re-established after the thermometer is removed.
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9.4.5.4 Firstfill

The first test fill is considered as the wetting fill. This test ensures all measures are filled and drained
to the specified times, ensures there are no leaks or measurement issues and provides a pre-test result
to identify if there is an unacceptable error in the expected volume which can be investigated before
proceeding. If the error is unacceptable an investigation should be initiated. This investigation would
include the condition of the measure under test, the reference measures and the method.

The first fill is used to confirm the reference volume matches that of the measure under test and identify
additional measures which can be used to match the volumes to the reference. A representative sample
of the water should be taken at this time to ensure purity, salinity and relative density. The ambient

conditions should be recorded

lish a
bf the

Following th
mean value
calibration.

e first test fill, the required number of reportable results are carried out to estah
ind repeatability. The result of the first fill should be retained within the ré¢ords

The result of rated

volume but r

the first fill is not reported on the final certificate or used to calculate thre‘mean calih
ptained in the records of the calibration.

9.5 Calibration by reference meter
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e meter should have a valid calibration applicable to the liquids and flowrates to be
the meter should be calibrated prior to and post use often at the site of the test and

ugh a
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9.5.2 Calibration circuit
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Install the m
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eterin line with the measure under test and a pump, drawing the liquid from a st
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temperature. A control valve and quick-acting valve shall be installed downstream of the meter and
pump to allow the flow to be controlled and the stopped when the level is observed within the neck of
the measure. Precautions should be taken to prevent damage to the pump and circuit through water
hammer and overheating when the flow is stopped.

Facilities for circulating the liquid through, and to, the reference proving tank and then changing this
to fill the proving tank under test should be provided, ensuring the filling pipework in each case allows
a clear transfer point to be established. Suitable drainage facilities for both the measure under test and
the reference should be provided, ensuring total drainage times can be achieved within specification. A
safe working area with a firm and solid base to allow levelling is required for both the measure under
test and the reference equipment.
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9.5.3 Equipment

9.5.3.1 Flowmeter

The reference meter can be of any type, with response time, resolution and linearity suitable for the
test. High-quality positive displacement meters are normally specified; however, Coriolis meters used
either as mass meters or volume meters have been employed successfully. The meter should provide
a quantity-indicating mechanism reading in litres, which can be set to zero. The resolution of the
indicator shall be at least 0,005 % of the quantity delivered to both the reference and the test measure.
Alternatively, a meter with a pulse generator of equivalent resolution fixed directly to the output shaft
can be used.

The flowmeter should have a calibrated flowrate range to match the tank volume and the.fl

used
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2 Valves

alve(s) used to control the flow into the tank should allow for the control of the flo

slow the flow down to observe the level appearing in the(sight gauge and to stop tH
Fed level. When closed, valves should provide a complete seal and a means to verif
-seal type can be selected so that any leakage can bé'monitored or some other m
strating its integrity employed.

hieve the requirements, multiple valves may be considered. A flow control valve car
vide a simpler on-off function. A second, smaller valve can be installed in parallel W

alves should be sized to maintain-the flowrate within the calibrated range of
heter.

pt acceptable to use the valve'to reduce the flowrate below that specified for the met

bwrate being
measure, or
less than the

hum flowrate specified for the particular meter or less than that expected t6 be employed when

w during the
e flow at the
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be installed

pam of the main fill valve and this does not require a high-integrity seal leaving the npain fill valve

rith the main
grity valve.

he reference

er to achieve

a desjred level in the neck of the measure (creeping the meter). The shut-off should bel smooth and
continuous.

9.5.3/]3 Pumps

The gump shalliprovide a flowrate of not less than 50 % of the maximum flowrate of the meter to

ensuil
high ¢
press
is not

e the tesf can be carried out within the linear and calibrated range of the meter. Pres
noughto overcome system losses and avoid cavitation or flashing, but not high enou
ure‘corrections to the meter measured volumes. Provision should be made to ensy

sure shall be
oh to require
re the pump

over-pressured, overheated or damaged when the flow to the measure is stopped, f

or example a

pump bypass line and pressure relief valve.

9.5.3.

4 Instrumentation

Temperature should be measured in the measure under test, at the flowmeter and at any reference used
to calibrate the meter. The thermometers should have valid calibration and an uncertainty suitable for
the application.

Pressure should be measured in the pipe adjacent to the meter and this carried out with a calibrated
pressure gauge or transmitter with a resolution of at least 10 kPa.

Ambient conditions of temperature, pressure and humidity should also be measured.
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9.5.4 Procedure for calibration by reference meter

There are a number of steps which can be followed to provide a volumetric calibration of a measure
using a reference meter:

a) Fill the calibration circuit with the chosen liquid and circulate using the pump so as to remove any
air in the system. Allow enough time to ensure the system becomes thermally stable. Circulation
should include both the reference proving tank and the proving tank under test.

b) Once the circuit is full and stable, first prove the reference meter against the calibrated reference
proving tank. The flowrate or range of flowrates should be chosen to minimize any changes
between the three stages of the calibration.

c) Setthe flow into the reference proving tank to the required rate.

d) Fill the fleference proving tank and stop the flow. Empty the proving tank and allowit to drdin for
the specjfied draining time.

e) Setthe T‘eter readout indicator to zero.

f) Flow a quantity of liquid through the meter into the reference proving tank-So that the liquid level
can be r¢ad in the neck. Record the temperature and pressure at the meter and the temperatjire of
the liquid in the proving tank. Record the observed volumes of both{the meter and proving|tank.
Calculate the meter factor.

g) Repeat the procedure for a minimum of five determinations of meter factor. The tests are repeated
until thd repeatability meets the agreed acceptance criteria. This can be five consecutive yalues
falling wfithin a range (often specified as 0,02 %) or a repeatability based on uncertainty. Cal¢ulate
the meap meter factor or error of the acceptable test runs.

h) Direct the flow from the reference proving tank to'the prover tank under test. Purge all airf from
the connfection lines. Fill the prover tank and allow it to drain for the specified time.

i) Zero or fead the flowmeter indicator. Eilkthe prover tank at the same flowrate as that uged to
calibratg the meter until the liquid levelis observed in the gauge glass. Read the pressure and
temperafure at the meter during the fill. When the level is seen in the sight gauge, stop the floy and
read the|meter, the volume from the)gauge glass and the temperature in the prover tank. Drajin the
tank for [the specified time.

j)  This projcedure should be repeated until the required repeatability in the calculated volume|error
falls within the required-acceptance criteria. This can be five consecutive determinations of base
volume falling withip-a'specified range (usually 0,02 %) or within a specified uncertainty.

k) As confifmationthe meter is re-proved after the calibration. The difference between the meter
factor before the*calibration shall be within specification (usually 0,02 %). It is good practice to
then recplculate the prover tank volume based on the mean of the two derived meter factors.

+1 £11 : 1 1 1
1) Calculatﬁ LIIT ITICAIT €I TOI Ul UIC ITUIITIIdI VOIUIIIC ITIdI K.

9.6 Calibration of neck scales

The neck scale can be calibrated after the tank is filled and stable and can be best carried out as part of
the initial fill.

Neck scales can be verified or calibrated for volumes equal to the major scale marks or simply at the
highest, nominal and lowest marks.

The measure is filled to the bottom of the gauge scale. Water is added through the neck from a calibrated
measure, flask or weighing tank until the level in the gauge glass reaches the required mark. The volume
added is compared with the difference between the levels.

The process is repeated for each chosen mark.
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This procedure can be accomplished in the same way by filling the measure to the highest scale mark
then withdrawing water into calibrated measures, flasks or the weighing tank. Withdrawal method is
particularly suitable for measures with a drain at the bottom of the neck or a small drain valve at the

bottom of the measure.

A bottom neck scale is calibrated in the same way.

10 C
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ired by a device under test, including a displacement prover, using a measure as a ref
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ired by the reference device or measure, the determination of the volume passed
test and finally the volume of the device under test (measure or pipe'prover) express

plume determined can then be used to calculate the error otzperformance indicator
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limber of industry sectors and standards, for example 1SO 4267-2, the calculation pro
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Reference volume

eference volume is the actual volume as-measured by the reference device. The refe
e avolumetric measure or a flowmeter. Volume as measured by a gravimetric methoc
and the calculation in 10.4.

flowmeter, the reading from the meter (V) isrecorded then corrected for any predetg
rty effects, error or meter<€actor to give the reference volume. If the meter has a pi
factor and the collected ‘pulses provide the reference volume. It is generally not r¢
‘ther correct this volume for temperature or pressure effects on the meter body
Ction has been established by testing. The reference volume (V,) is therefore the meag

expansions.

volumetric reference measure, the volume indicated (V) denotes the volume corrg
n scale adjustments or errors. As this is the volume at standard conditions it requires
Ctiontby multiplying by the factor C, to give the volume at the measure temperaturg
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where V, is the volume at standard conditions as indicted by the reference measure after correction

for errors determined by calibration.

Coor =1+3 0, (t.—t . ) (2)
where
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a. isthe linear expansion coefficient of the reference device (see Annex A);

t, is the temperature of the liquid within the reference measure;
t,. isthe standard temperature of the reference measure.
NOTE It is possible that the standard temperature and materials of the reference measure and the device

under test are different.

10.3 Transferred volume (volumetric method)

£ 1 4 rS £, £ AN £ L £1 i AP S +la ]
When the r ICTCIILT VUIUILIU 105 LI dIISICITUU TTUIITD LIIU TUICTUTIUT chaaulc Ul TIUVV lllCLCAJ U Lt1Icv g eVlCe

under test, itfcan expand or contract due to changes in temperature and pressure.

The transferfed volume is calculated from Formula (3).

Vi =V X0qq XCy (3)
where

V.  isthevolume measured by the reference at the actual conditions,of pressure and temperature;

Cp  isthe volume correction factor for liquid compressibility from measured pressure to stapdard

pressure. This correction is only required when the reference is a flowmeter operating at a
pressure significantly higher than atmospheric pressure;

Cquy 1s the volume correction factor for thermal expansion of liquid from the reference devfice to
th¢ device under test, i.e. expansion due to thedeémperature difference.

C4y may be cplculated in one of two ways:

If the density of the liquid can be calculated diréctly from temperature, for example if water is the test
liquid, Cy4, is[the ratio of the densities calculated at each temperature as shown in Formula (4).

p
Cau :p_r (4)
t

where

p.  isthe density ofthe liquid at the reference device at temperature, ¢,;

p. is the density)of the liquid at the device under test at temperature t;;

t.  isfemperature of the reference device;
tt iS .hC tCllllJCl Cltbll C Uf thC dCViLC uudc1 tCDt,
NOTE Annex A provides formulae relating density to temperature for water.

Alternatively, if the density cannot be calculated directly from temperature, but formulae are available
to give the volume correction factor from a given temperature to a standard temperature, volume at
the first temperature can be converted to volume at standard temperature then back to volume at the
second temperature using Formula (5).

C
dtl
Ctlt

where
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Cyr isthe volume correction factor for thermal expansion of liquid from the reference device tem-

perature to standard temperature;

Ir

Cy: isthe volume correction factor for thermal expansion of liquid from the test device temperature
to standard temperature.

The standard temperatures used should be the same and should be that of the device under test.

When a flowmeter or a pipe prover is the device under test or the reference, the pressure can be
significantly higher than the atmospheric pressure in a measure. A correction for the compressibility
of the liquid should therefore be made by applying a correction factor €}, calculated using Formula (6).

c,=1-(BxP) ©)

whereg

B is the isothermal compressibility of the liquid, usually at atmosphétic’pressure;
P is the pressure.

Isoth¢rmal compressibility for water and hydrocarbons are given in’ Annex A. Care is tq be taken to
ensutle the units of pressure and compressibility are the same and\liquid property data references give
compfessibility in many different units.

10.4 |Transferred volume (gravimetric method)

Calcujation of the transferred volume by the gravimetric method requires the density [of the liquid
to belknown. For water, the formulae given in A@inex A should be used to calculate density from the
measfired temperature. If another liquid, for example hydrocarbon oil, is used, the densify at the test
tempegratures can be either measured, a bespoke formulae used or the correction factor Cfas described
in Anpex A used.

The measured weight is corrected for-any known error in the weighing and then the mags of water is
calculated by correcting for the aitthuoyancy as shown in Formula (7).

i~

1 1
=W, +W, xp, x(p——p—) (7)
t w

wher¢

M  isthemass of liquid collected (kg);
W, _istheindicted weight of the liquid collected (kg);

p is the density of air, calculated from the formula given in Annex A (kg/m3);

p. isthe density of the liquid in the device under test (kg/m3);
p,, istheconventional density of the weights used to calibrate the weighing machine (8 000 kg/m3).

In theory, p, should be the density of the liquid in the weighing container. In practice, utilizing the
density at the temperature in the measure under test does not provide significant error unless the very
highest accuracy is required.
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The volume of water transferred is given by Formula (8).

is the mass of water collected in the weighing tank (kg);

(8)

is density of liquid based on the temperature in the device (measure) being calibrated (kg/m3).

V=2
Pt
where
M
Pt
10.5 Caliby
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the volume at standard conditions;

the volume correction factor for.the pressure expansion of the device to the volu
ndard conditions.

expansion correction factordis-calculated from Formula (10)

B v, (£, — )

inear expansion coefficient of the device under test (see Annex A);

he temiperature of the liquid in the device under test;

sed to
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9).
9)
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me at

(10)

He-standard temperature of the device under test.

Vrs :Vt ’
where
Vi isf
Cist IS
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Cps s
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The thermal
Coge =1+
where
a, s
t, is
tse  ist
NOTE 1

can be different.

It is possible that the standard temperature and materials of the reference and the device under test

For the calibration of a small volume prover with an external rod, the thermal expansion of the prover

is calculated

using Formula (11).

Crse =1+(201 (£, — s )40t (te st )

where

44

(11)
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. islinear expansion coefficient of the prover body (see Annex A);

is linear expansion coefficient of the external rod material (see Annex A);

t; is the temperature of the liquid in the prover body (liquid temperature);

t.e isthe temperature of the external rod;

is the standard temperature.

When the device under test is at a pressure significantly hlgher than atmospherlc pressure and the
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The c
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:1+£><2
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is the gauge pressure (bar);
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is the pipe prover internal diameter (mm);
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Multiple fills
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Wher] calibrating a measure using another measure as reference and water as the liquid,
calculations-can be combined into a single formula given in two forms in Formula (14).
= R — X{1+3a (¢ —t )]
©o Cist T Pt x[1+3a st ):I
where
o is linear expansion coefficient of the relevant measure material;
t.  isthe temperature of the liquid in the reference measure;
t; is the temperature of the liquid in the measure under test;
t is the standard or base temperature of the reference measure;
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t  isthe standard or base temperature of the measure under test;
p.  isthe density of the liquid in reference device at ¢;
p.  isthe density of the liquid in device under test at ¢t,.

10.8 Calibration of a flowmeter using a measure as reference

To calibrate a flowmeter which can be at a pressure higher than atmospheric pressure and using a
volume measure as reference, the meter factor can be derived at the conditions of temperature and
pressure of the meter under test. The calculation is shown in Formula (15).

v WV C
_ 't _['rs tlr
F—V—— —>XClg ><—><Cp1 (15)
m m tlt
In this case the reference is the measure or proving tank and the device under test is theflowmetgr.
To calibrate § volumetric measure using a pre-calibrated flowmeter at pressure, Formula (16) gives the
calibrated vdlume of the measure at standard conditions.
C 1
_ tlr
Vig =FXY, XC\y, ><C—><— (16)
tlt pl
In this case, the reference is the flowmeter and the device under test is the volume mepsure
(proving tarfk).
10.9 Calibnation of a displacement (pipe) prover using a measure as reference
To calibrate|a displacement or pipe prover, including small volume provers, at pressure agajnst a
reference mgasure, Formula (17) gives the calibrated volume of the prover at standard conditions.
C;. xC
‘/ts =Vrs % dtl tsr X 1 (17)
C C xC
tst pl "~ pst
11 Calibrgting and setting theheck and scale
11.1 Calibnating the neck
The neck scalle should be,calibrated as part of an initial calibration and thereafter at intervals specified
by the applicption. THis)is often specified as every fifth measure calibration.
A neck scal€| calibration should cover the length of the scale with a minimum of six intervals [being
calibrated.

Verifications can be carried out as part of every calibration and will usually only verify two intervals.
Verification can be carried out by ensuring one tank fill of a calibration uses the highest part of the
scale and one tank fill the lowest part. A significant difference in the volume error indicates a possible
error in the scale.

As the calibration of a neck scale is dependent on the size and volume of the measure, a detailed
procedure for the location and access to reference equipment should be prepared for individual
calibrations. A guide to the process is given.

The neck scale can be calibrated by fill or by withdrawal, depending on the measure design and size.
Neck scales can be verified or calibrated for volumes equal to the major scale marks or by establishing
the volume per unit length of the scale (1I/mm).
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The reference to calibrate a neck scale may be provided by glass measuring flasks, reference test
measures or a gravimetric system. The capacity of the reference should be chosen to reflect the volume
between the chosen intervals to be calibrated in the neck. Whereas a volume reference provides
calibration intervals fixed by the volume of the reference, a gravimetric reference allows calibration to
accurately match to the scale markings.

To calibrate by filling, the measure is filled to the top of the neck and allowed to stabilize in temperature.
A water supply is provided and allowed to fill the reference to the desired level and again allowed to
stabilize.

The measure is slowly dramed untll a level in the neck scale is coincident with the lowest major mark.
il the mark is

the volume
te the actual
ne filled into the measure using the thermal correction factor. If a gravimetric reference is used
1 can be controlled to coincide with the neck scale marks.

the fi

The pirocess is repeated at the chosen intervals across the range of theé\neck scale.

Wher the last fill is complete the temperature in the measure neck'is measured.

The ¥
intery

olume errors or the volume per unit length across:the scale can then be calculdted for each

ral.

A sinfilar procedure is adopted if the neck is calibrated by withdrawal. Withdrawal is
suitalple for larger tanks where there is a small d¥ain either at the bottom of the top or
whicl) can be utilized to take water to the reference.

particularly
bottom neck

The measure would be filled above the top scale mark and the temperature measuried. Water is

withd
pre-w
and s
withd

A bot
Ther

range.

Oor Sc4g

11.2
The h

rawn until the level is coincident @with the top scale mark. Water is then withdr
etted reference or gravimetric(reference. It is noted that only reference measures
cale can be used making brim measures or automatic pipettes unsuitable. This ag
rawing is best used for larger proving tanks. The process is again repeated for each

fom neck scale is calibrated in the same way as described above.

esults of the calibrafion are examined to identify variability in volume measured ac
A comparison-with previous neck calibrations is made to identify any change in the
le.

Setting.the scales

eight difference between the nominal volume mark on the scale and the scale daty

hwn into the
with a neck
ain suggests
rhosen mark.

oss the scale
neck volume

m should be

check
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r adjusting a

scale. If a scale datum has not previously been identified or defined this can be established at this time
and recorded.

NOTE This value of height difference can be used between calibrations to ensure the scale has not been
moved from the previously set position.

From the calibration result, the error or difference between the nominal volume and the calibrated
volume, is determined. A temporary mark can be placed next to the scale corresponding to the
difference.

The scale can now be adjusted or moved so that the nominal volume mark coincides with the temporary
mark. The scale then should be fixed and sealed.
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The new height difference between the scale datum and the nominal mark is recorded on the calibration
certificate indicting the amount of adjustment carried out.

Errors permissible on the scale compared with the calibration of a volumetric measure should be within
0,01 % of the nominal volume. This should be compatible with the uncertainty (see Annex E).

12 Safety

All operations using a volumetric measure should be aware of applicable international, national and
local regulation and safe working practices. In particular the following specific aspects should be noted.

All measured
lifting points

should be designed to be structurally sound and all SUPpOTTS, SUpporting Structure
designed and inspected to ensure there is no structural failure.

Access platfgrms should allow safe filling and draining and the reading of scales carried’out {

particularly

Steps should
safe contain
important if
courses.

iwhen working at height.

be taken to avoid any spillage. All precautions should be taken in advance to plan fi
ment and recovery of spilled fluids should spillage or overflow occur: This is partic
hydrocarbon liquids are being used to prevent any risk of ignition or pollution of

Where hydr¢carbons are being used, consideration of electrical safetyvand earth bonding is sty

recommende
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the danger o
undertaken.

d.

is used for both volatile and non-volatile hydrocarbons, recognition should be gi¥
f creating an explosive gas mixture within the mieasure when a change of hydrocar

A means to alllow the safe venting of hydrocarbon vapours from a measure or calibration circuit s
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cab of the ve
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Annex A
(informative)

Properties of fluids and materials

A.1 General

[SO 8P22:2002 provided formulae to calculate the density of water from temperature when calibrating
volunpetric measures and proving tanks. This standard is referenced and cited by othef ipternational,
natiopal and regulatory standards along with contract and custody transfer documents. The formulae
given|within ISO 8222:2002 have been retained in this document where they@emain appropriate for
use, alllowing external references to ISO 8222:2002 and undated references to-remain unchanged.

[SO 8222:2002 is also found to be referenced for applications beyond the'scepe of the document and the
formylae are also frequently being referenced for use beyond their applicable range, particularly for
use with saline water at high temperatures.

The formulae given in this document provide current internationally accepted formulae for water while
retaiIing reference to those previously referenced, but remain suitable for the applicatiops. Formulae
coverfing the properties of all expected materials and fluids used with volumetric measyring devices
have been included, along with formulae for impure and §aline water and the industry-starjdard volume
correftion factor formulae for hydrocarbon liquids.

A.2 |Volumetric thermal correction factor for liquids

The vpplumetric thermal correction factor-iSused to correct the volume of liquid at one tefnperature to
the vglume which it would occupy at a'second temperature due to the thermal expansion.

The vplume correction factor forliquid, Cy,, is the ratio of the densities of liquid at temperptures t; and
t,. To|correct a volume from oné temperature to the volume at another, the volume at t; is jnultiplied by
Cqq tq give the volume at t, aS.shown in Formula (A.1).

p
Chy=—% (A1)
)

where

pf andp»” are densities at t; and t,, respectively;

tland Lo are the two temperatures

Formula (A.1) applies to any liquid with the densities being measured or calculated from traceable
formulae or equations of state.

Where the volume has to be corrected to the volume at a standard temperature condition, the correction
is abbreviated to C,; where ¢, is the defined standard temperature.

A.3 Density of pure (distilled or deionised) water

A.3.1 General

The density of water is not a linear function with temperature; however, the relationship has been well
defined for pure water. There are a number of different formulae and the most common are summarized
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by Batista and Patonll2l. The International Committee for Weights and Measures (CIPM) currently
recommends the Tanaka formula for use at temperatures up to 40 °C and the IAPWS equation of state
for applications where the temperature exceeds 40 °C.

A.3.2 Tanaka formula

Following publication in 2001, the formula for the density of pure water accepted by the CIPM for use
in metrology is that of Tanaka et al.l1¢l, This is the recommended formula to be used when calibrating
volume measures, see Formula (A.2).

(t+a, Y (t+a,)
PTanaka :a"X|71 L z —|

where

PTanaka 1
t i
and the coeff

ay = 999,974

This formula
pressure.

A.3.3 Patt

Formally reg
MorrisllZ] js
reproduced :

i density of pure water from Tanaka formula (kg/m3);

5 temperature (°C).

erson and Morris formula (ISO 8222:2002)

v |_ a; (t+a4)

]

icients are:

950 a,;=-3983035  a,=301,797 ay =522 528,9 a, = 69,348 81

(A.2)

is for pure water and a range of validity for temperatures of 0 °C to 40 °C and atmospheric

extensively referenced. To give consistency with older standards this formula hag
s Formula (A.3).

Ppaa = Ao { 1-1c, (E=ty)+c, (=, )2+, (=t P +c, (=t ) +cg (t—t, ]}
where

Ppam is flensity of pure watep from the Patterson and Morris formula (kg/m3);

t is femperature (°C);

to is femperature of maximum density (°C);

tp, =39818;

Py is themmdnmmdensibolbwater fha /s

po  =99997358;

¢, =70134x1078;

c, =7926504 x1076;

c3 =-7575677 x1078;

¢, =7314894 x 10710;

cs  =-3,596 458 x 1012,
50

ommended by CIPM, and given in ISO 8222:2002, the formula proposed by Patterson and

been

(A.3)
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This formula is specified to have a range of validity for pure water at temperatures of 0 °C to 40 °C and
at atmospheric pressure.

For the calibration of volumetric measuring devices the difference between Tanaka and Patterson and
Morris is unlikely to be significant except at the lowest uncertainty levels.

A.3.4 IAPWS 95 equation of state

The Tanaka and the Patterson and Morris formulae are specified for use at temperatures up to 40 °C.
Extrapolating to 80 °C, the Patterson and Morris formula gives an error in the density of water of
around 0,04 %, while the Tanaka formula is in error by around 0,01 %.

For applications where the temperature is between 0 °C and 100 °C, CIPM recommends the |nternational
Assodiation for the Properties of Water and Steam (IAPWS) formulation. [APWS provides two equations
of stafe, IAPWS releases 1995 and 1997, the release 95[18] being advised for metrology-CIPM recognizes
the IAPWS-R6-9518] formulation as equivalent to Tanaka in the temperature~fdnge up fto 40 °C and
recommends its use if the application has a temperature exceeding 40 °C.

IAPWS 95[18] formulation is an equation of state for the water substance afd)is a complex fgrmula which
includes many thermodynamic properties, including compressibility. The/formulation is ayailable from
a nunpber of sources as computer implementation code which can beaised where practicable.

Where the full implementation is unsuitable, or unavaildable, a rational polynontial formula,
Formpla (A.4), has been fitted to values calculated from the FAPWS equation of state at|atmospheric
presshre. This was proposed by Batista and Paton[13l. This' formula is specified to haye a range of
validity from 0 °C to 85 °C at atmospheric pressure. It reproduces the IAPWS calculated valpes to within
0,001{kg/m3 at temperatures of 1 °C to 90 °C, rising t¢0;002 kg/m3 at 95 °C.

l4+c, t +c,t.2+c, t.3
_ 1"n 2°n 3°n
APWS =C0° (A4)

2
1+c4 t,tcst,

X

whereg

plapws density of pure water from equation fit to IAPWS 95 (kg/m3);

t is normalized temperature, t /100;
t is temperature-(°C);

C = 999,843,82;

c} = 1,463 938 6;

ch =-0,015 505;

c =-0,030977 7,

Cy =1,457 209 9;

Cs =0,064 893 1.

A.3.5 Correction for air-saturated water and isotopic composition

Variations in isotopic composition provide variations in density; however, this is not significant for the
purposes of volumetric measurement.

If the water used is air-saturated, the density is lower and hence a correction could be applied. The
correction is small and determining if the water is fully or only partially saturated is difficult. As a
result, the correction is not generally recommended for anything other than laboratory primary
calibrations and inter-comparisons.

© IS0 2020 - All rights reserved 51


https://standardsiso.com/api/?name=07e4be28a5bcc439a09911bfe00745a7

ISO 8222:2020(E)

Where a correction is required, different formulae have been summarized by Batista and Patonl12l,
The correction by Bignell is usually acceptable where a correction is considered to be required, see

Formula (A.5).
p.=—(4,612-0,106¢)x1073

where

Pc

t is t

is the correction to the density (kg/m3);

he temperature of the water (°C).

(A.5)
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which property formulae can be defined. Reference seawater has been defined and standardized in
terms of composition ratio as described by Mellerol20]. This also defines the unit of absolute salinity (S,)
as the ratio of the mass of all impurities to the mass of the water. The normal units used are g/kg.

Other definitions of salinity were used prior to 2008, particularly the unit of practical salinity (S,),
which is based on conductivity. Confirmation is required to ensure the correct value is being used.

NOTE An alternative measure of impurity, mainly used to describe fresh water, is Total (Dissolved) Solids
(TDS or TS), being the ratio of the mass of impurity to a volume of water. The normal units used are mg/l.
Knowledge of the density of the water at a given temperature allows conversion to salinity.

Salinity, and thus density, can be measured by electrical conductivity with the unit Siemens per metre
(S/m) but mS/cm or uS/cm are more commonly used. Conductivity is a function of temperature and is
by default usually quoted as specific conductivity at 25 °C. Conductivity is also a function of the ratio of
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anion and cation concentrations and does not recognize any non-conductive components. Due to these
variables, conductivity is therefore not recommended as a definitive measure to calculate density or
salinity unless the water conductivity has been characterized. Conductivity does, however, provide the
most sensitive method of indicating purity.

Salinity can be measured by evaporation of a water sample, following specific procedures or by
determining the chemical (mol ratio) composition.

Relative density, the ratio of the density of the water to the density of reference water at defined
temperature(s), refers to the ratio at the same temperature in this document. Relative density can be
used as a measure or estimate of salinity and is calculated using Formula (A.6).

P,
Prp="—"" (A.6)
pI'W
where
pl  is the measured density of the sample at the given temperature;

pl,, s the calculated density of a reference water at a given temperature.

The gjiven temperature is normally the standard temperature, i.e.<l5 °C, for most hydrocarpon industry
appligations. Reference water is pure water unless otherwise specified.

NOTE Subscripts to RD are used to indicate alternative temperatures of determination. Normglly a standard
tempdrature (15 °C, 20 °C, 25 °C, 27 °C or 60 °F) is used. An*additional subscript, 'sw', indicates density of
referejnce seawater rather than density of pure water as the(reference.

To aspist in describing impure water, it can be ¢lassified. Classification is not standarjdized across
indusftries. Table A.1 shows descriptive terms fex'different water qualities used in this do¢ument along
with gpproximate values for the maximum measurements characterizing each category.

Table A.1 — Water categories with increasing impurity

Maximum | Conductivit Relative |Errorip converting
Water category description salinit @15 °C y density density from
y @ 15 °C 15 9C to 40 °C
g/kg pHS/cm %
Pure Distilled or <0,05 <50 <1,000 04 ,000 1
deionised
Frebh Potabl&lor Good quality 0,5 800 1,000 39 0,001
1 deiniing Poor 1 1000 1,000 77 0,003
quality quality ’ ’
Slightly saline 5 2000 1,038 4 0,014
Brackish Vary
T 20 5000 1,015 28 0,054
saline
Saline | ¢. . \vater Ref. at 40 40 000 1,030 62 0,103
35g/kg
Brine Produced water 120 150 000 1,093 26 0,22

Conductivity has been given at a temperature of 15 °C and not at 25 °C, which is the more common
standard temperature quoted. This, however, gives consistency with standard conditions used in the
petroleum industry.

Pure water has been given an upper limit for salinity which reflects insignificant error when using pure
water density functions and is significantly higher than that specified for pure water for laboratory use.

The last column in Table A.1 describes the error found if pure water formula is used to correct the
density of impure water from 40 °C to 15 °C. This is further explained in A.4.6.
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A.4.2 Formulae for density of impure water at atmospheric pressure

Reference seawaterl2d] is defined in terms of the ratio of the impurities and the concentration of the
impurity (salinity).

The definitive equation of state for reference seawater was released as IAPWS-R13-08[21] and fully
adopted as the Thermodynamic Equation Of Seawater 2010 (TE0S-10)[22] by UNESCO-IOC in 2009. The
open-source code for TEOS-10 is available in FORTRAN and VB6 and includes software implementations
of the IAPWS-R13 formulation. It includes conversion software to convert salinity units, conductivity
and some other functions. These functions have been taken from a previous seawater standard issued
by UNESCO as EOS-80[23] and are still available separately from TEOS[241,

TEOS-10 cur]lrently provides the most comprehensive and theoretically based equation of stafe for
seawater andl is fully compatible with IAPWS 95 for pure water. Density, as a function of tempeiature
and pressurg, can be predicted with an uncertainty within 0,001 % across the range 0 °C‘to40 9C and
0 °C to 40 gfkg. Outside this range the equations have been extrapolated and show error in d¢nsity
of around 2 % at 80 °C and salinity 120 g/kg. An extension to the basic formula has‘beén provided by
Feistall22]. This reduces the error to an uncertainty of 0,02 % at 90 °C and 120.g/kg. The extgnsion
is not available in the IAPWS implementation; however, it is included in the TEQOS documentatign but
requires to ble enabled in TEOS computer code.

Where it is impractical to implement the full TEOS code, a rational formula has been generated from
the TEOS-10|formula and proposed by Batista and Paton[12], This covers the temperature range 5 °C
to 90 °C and|salinity from 0 g/kg to 120 g/kg and at pressure of 101325 Pa. The density of refgrence
seawater is gxpressed in Formula (A.7).

atb-t+c-S,+d-S,?
p:
1+ed+ft2+ g-S,+ h-S?

(A7)

where
p is flensity (kg/m3);
t is temperature (°C);

S,  issalinity (absolute) (g/kg);

a =999952 012 7;

b =4,766 828 864;

c = 7980 982.355;

d =3906984 x 1073;
e =4,726 51 x 1073;
f = 6,765 82 x 1076;
g =7,172 015 x 1073;
h =-1,653 2 x 107°.

Agreement with the TEOS-10 formulation is within * 0,005 % in the range 10 °C to 40 °C and
salinities 0 g/kg to 40 g/kg. Agreement across the wider range, 5 °C to 90 °C and 0 g/kg to 120 g/kg is
within + 0,01 %.

Extrapolation to 0 °C and 100 °C and salinities above 120 g/kg can incur increased uncertainty.

TEOS-10 has been formulated for reference seawater. There is additional uncertainty introduced
through variations in the nature and ratio of impurities compared with that of reference seawater. This
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additional uncertainty can be minimized through a direct measurement of density of the water from a
sample and the resultant relative density (to that of reference seawater), used to determine and correct
the density.

A.4.3

Thermal expansion correction factor

It is assumed that the thermal expansion of any commonly used saline water is not significantly
different from that of reference seawater across the full salinity range.

Thermal expansion factor can be calculated from the density of the water at the two relevant
temperatures as given in Formula (A.2).

An al
and s
factoi
formu

Whern
15 °C
in the

The 4

coefficients given for the API MPMS Chapter 20.1 formula_have been modified. Thig

agree
withi

C

wher

Q

S

t

At is the temperature difference from standard temperature (t-15) °C.

fernative formula relating thermal volumetric expansion correction factor, Cy ;5 to
hlinity is given in API MPMS Chapter 20.1, Annex Al26], This is the volume (or denisit
from the measured temperature to 15 °C and given in Formula (A.8). The original s
la is not known.

compared with values of C;;5 calculated from TEOS-10, agreement within * 0,1 %
to 40 °C and salinities of 0 g/kg to 40 g/kg is found. This rises to show a difference g
range 15 °Cto 90 °Cand 0 g/kg to 120 g/kg.

greement shows the form of the formula is valid and, by utilizing the TEOS 10

ment with TEOS-10 within = 0,02 % in the range 10_°C to 40 °C and 0 g/kg to 4
h + 0,03 % across the range 5 °C to 90 °C and 0 g/kg to~}20 g/kg.

s =1-(a+b-S, )-At—(c—d-S, )-At2 +(e—f S, )- At

115 is the volume correction factor t6-15 °C;
is absolute salinity (g/kg);

is temperature (°C);

temperature
i) correction
ource of this

in the range
fupto 0,3 %

formula, the
now shows
10 g/kg, and

(A.8)

The cpefficients are as-feHows:

Original coefficients for C;j;5 Revised coefficients for|(C,;;5
Coefficient from API 20.1 19952 from API 20.1 and TEO$-10

a 1,856 2 x 10~ 1,615 6 x 10~%

b 1,288 2 x 106 1,249 8 x 106

€ 4,1151x10-6 5,022 7 x 106

d 1,446 4 x 10-8 2,0707 x 10-8

e 7,192 6 x 10~ 1,539 0 x 10-8

f 1,308 5 x 1011 7,340 5 x 10711

a  API MPMS chapter 20.1 gives the coefficients based on salinity units of ‘weight ratio %’". The coefficients given have
been modified to match the salinity unit g/kg. The coefficients for Cy4p are also given in MPMS 20.1.

A.4.4 Other referenced formulae

API MPMS chapter 4.9.1[9] has an algorithm for density as a function of conductivity. Being a formula
derived from now superseded seawater formulae, and then applying it to both fresh and impure water,
the use of this formula is not recommended.
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Similarly, the formulae for use with saline water and brine which were proposed by MacGillivray et
al.[27], having been proposed before the release of the IAPWS and TEAOS formulae, are not now
recommended

A.4.5 Salinity from relative density

To use the formulae in the previous subclauses, a measurement of salinity is required. If this is not
available, a relative density, relative to the density of pure water, can be estimated.

Formula (A.9) has been proposed by Batista and Paton[13], Using the density values of reference seawater
calculated from TEOS-10 at 15 °C and the density of pure water, the relative density is calculated across

a salinity rap

geof0a/katal1?20a/lka The formulatacalculate salinitvhasthen he derived
o o/ =] o/ o J

S, =(-0,p25 98+1316,498x( pyy, ~1)-321,408 18x(pyp, ~1)° ) (A9)
where

S,  issalinity (g/kg);

Prp s relative density, relative to pure water at 15 °C.
This providep a reasonable estimate of salinity in the range 0 g/kg to 120)g/kg where the density [of the

saline water
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The formulg
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in density re

density calculated from the formulae should beccorrected through application of a measured re
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If the formu

density of < (,005 % is required, salinity has to be measured to an uncertainty of less than 0,1 g/1

If, however, t
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has been measured at 15 °C.

ication of impure water formulae

e referenced have been compiled for reference seawater. This has a standar
ratio for defined salts and impurities. Whére the water used has different impu
hpurities or a different impurity ratio, the formulae might not provide the uncer
quired for gravimetric calibrations or‘yolume-to-mass calculations. In this situatic

Live to reference seawater).

water sample can be measured with uncertainty better than 0,010 kg/m3 using
nercially available laboratony instruments and to 0,1 kg/m3 using hand-held vibratin
rs suitable for field and'industrial determinations.

ae relating referefice seawater density to temperature are used, and an uncertail
he formulae dre used to calculate a volume expansion factor, and not absolute density

without{Correction for all but the most accurate applications. In this case, uncertai
requires'to be measured with an uncertainty of less than 5 g/kg.

The practice

dized
rities,
fainty
n the
lative

high-
r tube

ty in
Kg.

, they
nty in

af-using pure water density formulae to calculate volume expansion factors for ir

hpure

water is discouraged—There s asignificant Telationshipbetweenr € amd satimity whichrgives T

ise to

increasing error in density as salinity and temperature increase. The errors introduced are shown in
Table A.1, based on correcting density from 40 °C to 15 °C.

For some applications, however, this error can be acceptable and insignificant within the uncertainty
required.

For drinking-quality water and at temperatures up to 40 °C the potential error found by using pure
water formulae does not exceed 0,003 %. This suggests that pure water formulae may be acceptable for
most applications using and calibrating volumetric measures. For seawater this error rises to > 0,1 %;
for brine, found in produced water applications, the error introduced is around 0,2 % at 40 °C but rises
to 3 % at 90 °C.
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