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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
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting., Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 85, Nuglear energy, Subcommittee S
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Introduction

ISO 18213 deals with the acquisition, standardization, analysis, and use of calibration data to determine liquid
volumes in process tanks for accountability purposes. This part of ISO 18213 complements the other parts,
which include ISO 18213-1 (procedural overview), ISO 18213-3 (statistical methods), 1SO 18213-4 (slow
bubbling rate), ISO 18213-5 (fast bubbling rate) and ISO 18213-6 (in-tank determination of liquid density).

Meadsurements of the volume and height of liquid in a process accountancy tank are often madg in order to
estimate or verify the tank’s calibration or volume measurement equation. The calibration equation relates the
response of the tank’s measurement system to some independent measure of tank yolume. The ultimate
purpose of the calibration exercise is to estimate the tank’s volume measurement equation (the inyerse of the
calibration equation), which relates tank volume to measurement system response. In this part of {ISO 18213,
it islassumed that the primary measurement-system response variable is liquidoheight and that jthe primary
measure of liquid content is volume.

Bedinning with an empty tank, calibration data are typically acquired by.introducing a series [of carefully
megsured quantities of some calibration liquid into the tank. The quantity. of liquid added, the resgonse of the
tank’s measurement system and relevant ambient conditions, such’as temperature, are measurgd for each
incremental addition. Typically, several calibration runs are made. to obtain data for estimating or verifying a
tanK’s calibration or measurement equation. A procedural .overview of the tank calibration and volume
megsurement process is given in ISO 18213-1.

Chgnges in ambient conditions, especially variationsCin temperature, that occur during calipration can
adversely affect the quality of the calibration data and; consequently, the reliability of the calibratiop or volume
megsurement equation determined from them. Results are also affected by differences in ambient conditions
prevailing during calibration and at the time of subsequent measurements made to determine prpcess liquid
volymes. The purpose of this part of ISO 18218 is to present an algorithm for standardizing tank calibration
and| volume measurement data so as to minimize the effects of variability in ambient conditions prevailing at
the [time of measurement. Data standardization, as the term is used in this part of ISO 18213, refers to the
steps taken to adjust raw data to compensate for departures in measurement conditions from alfixed set of
reference conditions. The goal is to.obtain a set of standardized calibration data, i.e. a series of pajrs of height
and|volume determinations from~one or more calibration runs that are standardized to a fixed set ¢f reference
conflitions. These standardized~data can be used to make reliable estimates of the tank’s calibration or
measurement equation, which is used, in turn, to determine the volume (at reference conditions] of process

Thig part of 1SO, 18213 pertains to measurements of liquid height and volume obtained duripg the tank
calibration process. For tanks equipped with pressure-measurement systems to determine liquid ¢ontent, it is
necgssary tosconvert pressure measurements to measures of liquid height before the steps of|this part of
ISO[18213«¢can be applied. A procedure for determining liquid height from pressure is givan in either
ISO[ 182134 (slow bubbling rate) or ISO 18213-5 (fast bubbling rate), as appropriate. Other stamdardization
steq] refore, with
suitabte 5 : e y-of—measurement
systems.
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Scope

part of ISO 18213 presents procedures for standardizing a set of calibration data to a

rence conditions so as to minimize the effect of variations in ambiept\conditions that occu
surement process. The procedures presented herein apply generally-to measurements of |
volume obtained for the purpose of calibrating a tank (i.e. calibrating a tank’s measurems
en used in connection with other parts of ISO 18213, these procédures apply specifically to tan
bubbler probe systems for measuring liquid content.

standardization algorithms presented herein can be profitably applied when only estimates
ditions, such as temperature, are available. However, the most reliable results are obtained wh
ient conditions are measured for each measuremeént of volume and liquid height in a set o

Physical principles

data standardization procedurés)*in this part of 1SO 18213 are based on generall
modynamic methods. Where appropriate, details are given either in annexes to this part of 1§
her parts of ISO 18213.

Data required

basic input data)to which the procedures of this part of ISO 18213 apply are pairs of obser]
e the tank’s.measurement system response (e.g. liquid height) to some independent measurg
beity (e.g{volume). These data pairs are typically obtained from one or more calibration run
bration setuip is shown in Figure 1. This setup is described in greater detail in ISO 18213-11).

density of the calibration liquid is required at all temperatures that are observed during thd

exe

determined at all temperatures of interest. Moreover,

ixed set of
during the
quid height
nt system).
s equipped

of ambient
en relevant
f calibration

y accepted
0 18213 or

vations that
of its liquid
s. A typical

calibration

equations have been developed for

accurately
accurately

calculating the density of water from temperature (see Annex A). If some liquid other than water is used for
calibration, then it is necessary to determine its density with suitable accuracy to meet calibration
requirements at all measurement temperatures.

1)

The calibration setup shown in Figure 1 is used for illustrative purposes. Other configurations are poss

example, Reference [1].

© 1SO 2007 — All rights reserved

ible. See, for


https://standardsiso.com/api/?name=43a273355338d1842588c4a530d167bf

ISO 18213-2:2007(E)

Key

= ©O© 00 NO O b WON -

N
(6)]
N

8b

6 &

P
P r
2 U ——p
1
o
T
10
liquid temperature probe(s)
process |ines (vent, fill, empty, decontamination, sparge, sample, etc.)
supply-lihe calibration liquid
calibratign liquid supply
prover vessel
scale
purge ggs supply
differentfal pressure. manometers
tank internals (coils)braces, agitator, etc.)
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Figure 1 — Elements of a typical tank calibration setup
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Measurements of the ambient conditions that prevail at the time of measurement are required for all height
and volume measurement pairs. These include the temperature of the liquid in the tank and the prover, the
ambient (atmospheric) temperature, barometric pressure and relative humidity. It is also necessary to
determine gas flow rates in the bubbler probe lines, as well as certain physical quantities related to the tank’s
measurement system. The latter include the inner diameter of the bubbler probes and the elevation of the
manometer above the tip of each probe; see ISO 18213-1 and either ISO 18213-4 or ISO 18213-5 for details.

The coefficient of linear (thermal) expansion for the material from which the tank and its dip tubes are
manufactured is required to perform the calculations indicated in Clause 5. Similarly, if a volumetric prover is
used for calibration, the coefficient of linear expansion of the material from which it is fabricated is required to
make the thermal adjustments indicated in 4.3.2.

4.1

The)
4.2

runs
(sesq
eith
(sesq

The]
pro
4.3.
voly

Calibration data

General
standardization steps that pertain to individual measurements of liquid height.and volume are

before these data are used to estimate the tank’s calibration or measuremer
ISO 18213-1). Likewise, process measurements should also be standardized before they
br the calibration or volume measurement equation to determine the volume of liquid
ISO 18213-1:2007, Clause 7). The steps in the standardizatien‘process are summarized in Fi

standardization of prover measurements of liquid content (volume) depends naturally on
er employed for measurement. Standardization steps_for gravimetric and volumetric provers
1 and 4.3.2, respectively. The appropriate measure~of mass is then used to determine th
me (see 4.3.3).

lescribed in

and 4.3. These steps should be applied to each pair of raw calibration _data from one or mor¢ calibration

t equation
are used in
n the tank
jure 2.

the type of
are given in
e delivered
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Raw calibration data

Y Y
P Measurement system response
rover (pressure)
Y A
Volumetric Gravimetric
Y Y Y
Determination of mass Determination of mass Height of measured
liquid
Vm = Vc(1 +3ﬂAtm) m=Wb
m = VmPm [Equation (2)] Hy s -
[Equation (4) and Equation (5)] [Equation (1)]
I
Y
Measured volume
Y
Vi = Qk<imi) ! py i Thermal expansion of dip
[Equation (6)] tube

Y Yii =Hywi 1(1+aATy )
Thermal expansion of tank [Equation (13)]

Xi=Vy 1 (1+3al0Tn i)
[Equation (12)]

Y
Heel volume >

X, <X+ V,

v Y
Standardized
calibration data

(6.2, Annex C)

Y (Ya i X0
Run alignment

X <X, it0;
(6.3, Annex D)

Figure 2 — Summary of steps for standardizing a set of raw calibration data
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4.2 Liquid height

Before steps in this document can be applied, the output of the tank’s measurement system shall first be
converted to determinations of liquid height. For tanks equipped with pressure measurement systems, this
should be done with the aid of either ISO 18213-4 (slow bubbling rate) or ISO 18213-5 (fast bubbling rate), as
appropriate.

In ISO 18213-5, for example, the height, Hj y, of the column of liquid in the tank above the tip of the bubbling
(major) probe at the measurement temperature Tm,z)v 3) that corresponds to a given pressure measurement is
determined from Equation (1):

H1,M :|:AP1 + gk (pg,1 _pa,s)_gEr (pg,r _pa,s)+(5r _51)_g1(,0M —,Dg,1)_20'/’"b:|/|:g(,0|v| 'pa,s)] (1)
whgre

AP, s the difference in pressure between the bubbling probe and reference probe lines as measured at
a gauge located at elevation, £, above the tip of the bubbling probe; AR)= P((E¢) — P(H4);

g is the local acceleration due to gravity;

ouv  is the average density of liquid at its measurement temperature; 7y, in the tank;

Pas Is the average density of air in the tank above the liquid)surface at the prevailing pressurg;
Pg.1 is the average density of gas in the major probe lineat the prevailing pressure;
Pyr is the average density of gas in the referencé.probe line at the prevailing pressure;
E, s the elevation of the pressure gage abeve the primary reference point (the tip of the mgjor probe);
E, s the elevation of the pressure gauge above the tip of the reference probe;

6; is the pressure drop in the major probe line due to the gas flow resistance;

6,  is the pressure drop inthe reference probe line due to flow resistance;

A is the distance of the’lowest point of the bubble below the tip of the major probe;
o is the surfaeetension for the liquid and gas;

r,  is the radius of curvature of the bubble at its lowest point.

If the tank s/ equipped with some alternative system for determining liquid content, then |appropriate

modifications to the procedure described in either ISO 18213-4 or ISO 18213-5 can be required tp obtain the
liquid height measurements to which the subsequent steps in this document are applied.

2) The subscript “1” is used in this part of ISO 18213 to indicate quantities that refer to the major probe. The steps for
standardizing data from a second probe are completely analogous.

3) For quantities other than temperature, the letter “m” is used as a subscript to denote temperature dependence. A
lower case m (m) refers to the temperature, ¢, of liquid in the prover and an upper case m (M) refers to the temperature,
T, of liquid in the tank.

© 1SO 2007 — All rights reserved 5
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4.3 Volu

4.31

me

Gravimetric provers

A gravimetric prover is designed to measure the mass of each increment of calibration liquid. Measurements
of mass are essentially independent of temperature. However, mass indications (scale readings) shall be
corrected for the buoyancy of the medium (air) in which the measurement is made and the scale is calibrated.
Thus, the mass, m, of liquid delivered by a gravimetric prover is estimated by Equation (2):

()

m=wb
where

w s

b s

The buoyar

b=(11
where

Py I

Pm I8

P s

We

Guidance f¢

he indicated mass (scale reading) of the liquid delivered by the prover;
b correction factor for the buoyancy of the displaced air.

cy correction factor b is given by Equation (3):

pa/pr)/(1_pa/pm)

he density of the gas (air) in which the weighing takes plage;
he average density of the calibration liquid at its temperature, #,,, in the prover?);

the density of the standard weights used to calibrate the scale or balance used to make
ighing.

r estimating the quantities in Equation (3)\s’given in Annex B.

4.3.2 Volumetric provers

A volumetri
of volume

change wit
is recomm

C prover is designed to measure'the volume of each increment of calibration liquid. Measurem
re sensitive to temperature_because both the density of the liquid and the volume of the pr
temperature. Standardization of prover measurements to compensate for temperature variat

bnded in all cases,~and is required when variations are large enough (e.g. 2 °C) to hay

significant
change in

ffect on results. With’water, for example, a variation of + 3 °C at 25 °C corresponds to a 0
nsity.

Let v, denofe the calibrated volume of the prover at the temperature, #,5. Then the volume of liquid delive
by the prover at temperature, ¢, is as given in Equation (4):

Vi = vd (F+36A1,)

®)

the

ents
bver
ons
e a
1%

ered

(4)

where At =, — t, and g is the coefficient of linear expansion of the prover. The mass of the delivered liquid
is given by Equation (5):

M = VmPm

where p,, is the density of the calibration liquid at the measured (prover) temperature, 7.

©®)

4) Prover temperatures are designated by lower case t to emphasize that they may differ from tank temperatures, which
are designated by upper case T.

5) See Footnote 4.

© 1SO 2007 — All rights reserved
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4.3.3 Delivered volume

The total volume of liquid delivered to the tank by the prover during the first i increments of a calibration run is
determined by dividing the total (cumulative) mass of all i volume increments by the density of the calibration
liquid, py; ;, at Tp, ;, the measured (tank) temperature of the liquid after the introduction of the ith increment.
Thus,

i = Erei i) P (6)

For each increment, k, the quantities m; are determined from either Equation (2) or Equation (5), as
appropriate, depending on the type of prover system that is employed

5 |Dimensional changes in the tank

5.1] Thermodynamic basis

Equation (7) for the volume, 7.

Vr :f_1(Hr) (7)

vali¢l at reference temperature, T,, gives the volume of the tank below some point at elevation, A}, relative to
the primary reference point. In other words, when the tank is atdemperature, 7,, the volume of the tank below
a point at height, H, is given by Vrzf—1(Hr). If the temperature of the tank now changes to 7, then the
volyme of the tank below the indicated point changes is¢as given in Equation (8) and the height of the
indigated point, relative to the primary reference point, changes is as given in Equation (9):

Vm=V(1+3aAT,,) (8)
Hy = H{(1+ aAT,,) 9)
whgre

a is the coefficient of linear expansion for the tank and its probes;
AT =Ty - T,

The factor (1 + 30AT,,)-in/Equation (8) accounts for the volumetric change in the tank and the factor
(1 { aAT,,) in Equation (9) accounts for the linear expansion of the probe.

When the expresSioens for 7, and H, given by Equations (8) and (9) are substituted into Equation (J/), the form
of the measurement equation given by Equation (7) changes to that given as Equation (10):

VAl (TR3eAT,) = £~ [Hy/(1 + aAT,)] (10)

Eq ivalanthe tha calibhration aciation (tha invarcea Af tha masciiramant aaniatinn) hac tha -anrn iVen in
vatenths—the—calibration—eguation—{the—inverse—ofthe—measurement—eguation}—has—the—fedm g

Equation (11):

Hy/(1 + aAT,) = £ ["/(1 + 3aAT, )] (11)

Equations (10) and (11) define the adjustments to determinations of liquid volume and height that compensate
for dimensional changes in the tank induced by variations in temperature. These adjustments account for only
the thermal expansion of the tank and are independent of the tank liquid and the tank’s liquid measurement
system. In particular, if the height of liquid in the tank at temperature, T,,,, is H), [for example, as determined
from 1SO 18213-5:—, Equation (8); see Equation (1)] then H, is not the height of the same liquid at
temperature 7, because liquid density also changes with temperature. In other words, because liquid density
changes with temperature, the point at elevation H), determined by the level of liquid at temperature T, is not
associated with the height of the same liquid at other temperatures.

© 1SO 2007 — All rights reserved 7
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5.2 Volume

Equations (8) and (10) are applied to the volume measurements obtained from the prover system (see 5.1) to
obtain standardized determinations of volume that are valid at the reference temperature, 7,. Equation (8) is
used to adjust the delivered volume, V) of the ith calibration increment to compensate for dimensional
changes in the tank when the measured temperature of I|qU|d in the tank, T, ; differs from the reference
temperature, 7. The standardized cumulative volume, X; =7V, for the ith callbratlon increment is given by
Equation (12):

X;=Vyi =V, /(1 +3aAT,, ) (12)

where

7,

m,i

T,
ig the volume of the tank liquid for the ith increment;

ig the temperature of the tank liquid for the ith increment.

5.3 Height

Equations (P) and (11) are applied to liquid height measurements [for example, obtained from ISO 18213-%:—,
Equation (8); see Equation (1)] to obtain standardized determinations of liquid height that are valid at| the
reference t{mperature, T,. Equation (9) is used to adjust liquid height, /75, ;, of the ith calibration incremept to
compensat for changes in the length of the dip tube when the measured temperature of liquid in the tank,

Ty, i» differs|from the reference temperature, 7. The standardized liquid height, Yy ; = H, ;, for the ith calibrgtion
increment i$ given by Equation (13):

Y'I,z:Fr,z:H1,M,z/(1 +aATm’[) 13)
where
ATm,i: Tm,z - Ty

Hy ;I the height of the tank liquid.for the ith increment;

s the temperature of the tank liquid for the ith increment.

6 Multiple calibration runs

6.1 Notation

Height and |voldmé data obtained to estimate the calibration or measurement equation of a process tank| are
typically obtained from several calibration runs. Let (Y4 7. denote the ith height-volume observation from
the jth calib ;

)

6.2 Heel volume

In many cases, a tank’s transfer mechanism (e.g. siphon) does not remove all liquid from a tank and some
residual liquid (called a heel) remains after it has been “emptied”. If the tank cannot be completely emptied
between successive calibration runs, the standardized calibrated volume, X; ;, does not represent total volume
of the tank associated with Y; ;.. To obtain the actual tank volume associated with Yy ;» an estimate of heel
volume for each run must be added to each of the standardized cumulative volume determinations for that run.

8 © 1SO 2007 — All rights reserved
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The heel volume cannot be determined from a tank’s measurement system unless the tank can be completely
emptied and dried between successive runs. Rather, some auxiliary method of estimating heel volume is
required. In some cases, it is possible to estimate the heel volume analytically from engineering drawings with
sufficient accuracy. A spiking-and-dilution (tracer) method of determining heel volume is given in Annex C.

If the heel volume is measured independently for each calibration run, then these measurements should be
added to the cumulative volumes of the appropriate run. Typically, however, the heel volume is determined
only once for several calibration runs. In this case, the adjustment is the same for all runs even though the
actual heel volumes differ from run to run, and it can be necessary to align the data from several runs by

stati

stical means (see 6.3).

Stapdardization steps of Clause 4 that involve the cumulative tank volumes, ¥, ;, should be apy

volu
med
liqu
Equ

6.3

As a final standardization step, it can be necessary to align the data from several calibration runs

mes
cali

imp
Ann

7

The
of g
sim
can
refe]

For
can
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the

isg

Statfistical methods, suitable for estimating the tank’s calibration or measurement equations frg

cali
ISO

The)
ISO

mes as well as to calibration increments. For this purpose, it is convenient to regard _the ‘i
surement for each run as an initial volume increment. Unless the heel liquid is the same‘as th¢
d, however, it is necessary to determine the density of the tank liquid for each calibration’incre
ation (1) or its equivalent is applied.

Run alignment

lied to heel
eel volume
e calibration
ment before

ns. Alignment refers to steps taken to adjust cumulative volumes for differences in heel volu
pration run to another so that all runs have a common starting’ point. When physical 3
bssible or difficult, the data may be aligned statistically. A statistical procedure for alignment is
ex D.

Results — Standardized calibration data

tandardized height Y and volume X determinations. Replicate sets of standardized data (Y
larly obtained from multiple calibrations runs. If the runs span the operating range of the tank

rence conditions, the most important.efwhich is temperature.

tanks equipped with two or more probes, standardized determinations of liquid height from any
be used to estimate their~separation (the vertical distance between the tips of the two p
mated probe separation car-be used in turn to make in-tank determinations of the density of
fank. A method for determining the probe separation and using it to make in-tank determinatior
ven in ISO 18213-6¢

pration data_that have been standardized to a fixed set of reference conditions are p
18213-3¢

applieation of the procedures in this document to process measurements is discussed in
18213-1:2007.

i

y statistical
e from one
lignment is
lescribed in

application of the above procedures to the raw data from a calibration run produces a set of pairs (Y ;, X)

i Xj,,.) are
these data

be used to derive an estimate of the\calibration or measurement equation for the tank thaf is valid at

two probes
robes). The
the liquid in
s of density

m a set of
resented in

Clause 7 of

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=43a273355338d1842588c4a530d167bf

ISO 18213-2:2007(E)

Annex A
(informative)

Density of water

Any liquid compatible with the process liquid can be used for tank calibration, provided that accurate
measurements of |ts denS|ty can be obtalned at aII measurement temperatures Demlneral|zed water is a

preferred cg

distilled) wa

ow=Al+BT+CT2+ D73+ ET* + FT° (
where

A =999,843 22

B =16,684 416 x 102

=-8,903 070 x 103

D =8,797 523 x 10

E=-8030701x 107

F = 3,596 363 x 1010
For temperatures between 3 °C and 30 °C, the estimated residual standard deviation for this fit is less
0,001 kg/my. For other temperatures between, +9C and 40 °C, the reported standard deviation does

exceed 0,001 4 kg/m3.

Water can
15 h). If n¢
correction t

Apy =

Equation (A
—0,00270 K
uncertainty
Thus, the e

applicationg.

ter (kg/m3) for temperatures T'=T,, between 4 °C and 40 °C:

become saturated after being.exposed to air for a relatively short period of time (approximg
cessary, the density of airf-saturated water at 1 atm can be calculated by adding the follo
p the estimate obtained fromh Equation (A.1):

L 4,873 x 1073 + 1,708'x 1047 - 3,108 x 106 72 (
.2) is applicable’ for temperatures between 0 °C and 20 °C. The correction for air saturatig
g/m3 at ,20°C and its effect diminishes with increasing temperature. The estimated

of valugs.calculated with Equation (A.2) is reported as 2 x 104 kg/m3 at the 99 % confidence |
fect of-air saturation at temperatures greater than 20 °C can safely be ignored for most safegu

t all
shly

A1)

han
not

tely
ving

A.2)

n is
otal
evel.
ards

Equations (A.1) and (A.2) are based on a recent re-determination of the density of water (see References [7],
and [8]). Equation (A.1), or Equations (A.1) and (A.2) in combination, can be used to compute the density of
water with sufficient accuracy and precision for safeguards purposes.

If some liquid other than water is used for calibration, then it is necessary that its density be determined with
suitable accuracy at all measurement temperatures before Equation (1) (in 4.2) can be successfully applied.
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Annex B
(informative)

Buoyancy corrections for mass determination

Objects are weighed to determine their mass. However, to obtain an accurate measurement of an object’s
mass, it is necessary to correct the mass indication (reading from a scale or balance) for the buoyancy of the
medghtm (dil) im-which-the vvciyhilly s pcl"fuullcd and-the-scate-is—calibrated—TFhemassof :lqwd delivered by a

grayimetric prover is determined from a scale reading by means of Equation (B.1):

m = wb (B.1)
where

w is the indicated mass (scale reading) of the liquid delivered by the prover;
b is a correction factor for the buoyancy of the displaced air.

The|buoyancy correction factor, b, is given by Equation (B.2):

b=(1=palp)(1 = palpm) (B.2)
where

P, is the density of the gas (air) in which the weighing takes place;

Pm s the average density of the calibrationliquid at its temperature, #,,, in the prover;

pr is the density of the standard, weights used to calibrate the scale or balance used tp make the
weighing.

If the calibration liquid is water, \its density, p,,, can be determined from its temperature by means of
Equation (A.1). The density of the air, p,, in which the weighing takes place can be determined Qy means of
Equation (A.2) in ISO 18213-5;2—, Annex A.

Standard values (also.the’values at which the scale or balance is calibrated at the factory) for p,[and p, are,
respectively,

pa=1,2 kgim3

or = 8000 kg/m3 (for weights fabricated from steel) or por = 8400 kg/m3 (for brass weights).

In boan. f oot ol o aociranaanta £ P= kb HG f ctondard oliaa oo dofol, meastirem nt f
SO attta THCOSUTCTTIC TS U D~ At O~ o U ST o Stariard—varat S as—utraurt—Toast ements O

these quantities yields acceptable results in nearly all cases.

It is common practice to use Equation (B.3) for making the buoyancy correction indicated by Equation (B.1):
b=(1- pa/pm) (B.3)

However, for the standard values p, = 1,2 kg/m3 and £ =8000 kg/m3, the numerator in Equation (B.2) is
(1= p5/p,) = 0,999 850. Thus, the use of Equation (B.3) to make the indicated buoyancy correction results in a
bias of approximately 0,015 %. This bias is approximately 10 % of the magnitude of the more accurate
correction factor given in Equation (B.2) and can be significant in high-precision measurement systems.
Therefore, Equation (B.2) should always be used to make buoyancy corrections for mass determinations.
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