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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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Introduction

This

part of ISO 7507 forms part of a series on tank calibration, including the following:

ISO 4269:2001, Petroleum and liquid petroleum products — Tank calibration by liquid measurement —
Incremental method using volumetric meters

ISO
Part

ISO
Part

ISO
Part

ISO
Part

ISO
prisn

ISO

7507-1:2003, Petroleum and liquid petroleum products
1: Strapping method

Calibration of vertical cylindn

7507-3:1993, Petroleum and liquid petroleum products
3: Optical-triangulation method

Calibration of vertical’ cylindri

7507-4:1995, Petroleum and liquid petroleum products
4: Internal electro-optical distance-ranging method

Calibration~of ‘vertical cylindri

7507-5:2000, Petroleum and liquid petroleum products
5: External electro-optical distance-ranging method

Calibration of vertical cylindri

B311:1989, Refrigerated light hydrocarbon fluids — Calibration of membrane tanks and
hatic tanks in ships — Physical measurement

D091-1:1991, Refrigerated light hydrocarbon fluids.>— Calibration of spherical tanks in shi

Stergo-photogrammetry

ISO
Triar

ISO
Part

ISO
Part

This
one

level
COITé

D091-2:1992, Refrigerated light hydrocarben fluids — Calibration of spherical tanks in shi
gulation measurement

12917-1:2002, Petroleum and liquid,petroleum products — Calibration of horizontal cylindn
1: Manual methods

12917-2: 2002, Petroleum.'and liquid petroleum products — Calibration of horizontal cylindn
2: Internal electro-optical‘distance-ranging method

part of ISO 7507-describes a method for the calibration of vertical cylindrical tanks by mes
reference circumfefrence by strapping and then determining the remaining circumferenceg
5 from measUrements of radial offsets from vertical optical-reference-lines. These circumf
cted to give\the true internal circumferences.

cal tanks —

cal tanks —

cal tanks —
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Petroleum and liquid petroleum products — Calibration of
vertical cylindrical tanks —

Part 2:
Optical-reference-line method

1

This
cylin

Scope

part of ISO 7507 specifies a method for the calibration of tanks above~eight metres in d
drical courses that are substantially vertical. It provides a method for detefrmining the volum

contgined within a tank at gauged liquid levels.

NOT
exter

The
verti

This
meth

2

The
refer
docd

ISO
Incre

ISO
Part

E The optical (offset) measurements required to determine the‘circumferences can be taker]
nally.

cal provided that a correction is applied for the measurement tilt, as described in ISO 7507-1.

method is an alternative to other methods suchtas strapping (ISO 7507-1) and the optical
od (ISO 7507-3).

Normative references
ences, only the edition cited;*applies. For undated references, the latest edition of the
ment (including any amendments) applies.

1269:2001, Petroleum—and liquid petroleum products — Tank calibration by liquid mea
mental method using volumetric meters

7507-1:2003,"Petroleum and liquid petroleum products — Calibration of vertical cylindri
1: Strapping{method

3

following referenced documents: are indispensable for the application of this document.

ameter with
btric quantity

internally or

method specified in this part of ISO 7507 is suitable foritilted tanks with up to 3 % deviafjon from the

triangulation

For dated
referenced

surement —

tal tanks —

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7507-1 and the following apply.

3.1

optical-reference-line
vertical optical ray (virtual) that is established using the optical device at a given location

3.2
mag

netic trolley

mechanical device that can be traversed up or down the tank shell wall to measure deviations in the tank shell
relative to the optical-reference-line using a horizontal scale that is mounted on the trolley

© I1SO 2005 — All rights reserved
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3.3
station
location whe

3.4
horizontal s

:2005(E)

re the optical device and the magnetic trolley are placed for optical measurements

tation

station where the optical device is located as it is moved around the tank circumference

3.5
vertical stat

ion

station where the magnetic trolley is located along the tank shell wall

3.6
reference ¢
circumferen
3.7
reference o

distance of
course wher

4 Preca

The general

5 Equip
5.1
strappin
spring b
step-ov
littlejohn]
dip-tapq

5.2 Optic

pentaprism attachment; or a precision engineer’s theodolite with a pentaprism attachment.

NOTE1 T

Equigment for tank strapping, as follows, as specified in ISO 7507-1:

rcumference
e measured at the bottom course that forms the basis for subsequent computations

ffset
he shell wall (at each horizontal station) from the optical-reference-line/measured at the bg
e the reference circumference is measured

itions

precautions and safety precautions specified in ISO 7507-+'shall apply to this part of ISO 75(

ment

g tapes;

alance;

br;

grip;

and dip-weight.

hl-referencesline device, such as a precision optical plummet, a precision engineer’s level W

hese are optical instruments with a means of attachment to either a tripod, magnetic bracket or other §
hart

means of sup!

ttom

ith a

table

The instrument, when set on its support and levelled, either manually using bubble vials or automatically if an
automatic levelling device is fitted, shall be capable of giving a vertical line of sight.

The instrument should preferably be of short focal length so that, when set up at a practical working height, it
can be focused on the scale at the reference strapping level.

The instrument shall have a resolution of at least 1:20 000 and be equipped with a telescope with a
magnification of not less than 20. The pentaprism attachment for use with an engineer’s level or engineer’s
theodolite shall not introduce any significant collimation errors.

© 1SO 2005 — All rights reserved
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NOTE 2  Optical plummets can be fitted with a single optical train, i.e. a zenith plummet, a double optical train or a
single superimposed optical train giving both upward and downward lines of sight, i.e. a nadir/zenith plummet. It is
preferable that the plummet does not have any movable elements in its optical train, such as mirrors or pentaprisms, to

ensu

5.3

re stability of the line of sight.

Magnetic trolley, of robust construction. Its design shall include the following features.

a) The magnet(s) shall be of sufficient power to ensure that the trolley does not lose contact with the tank
shell in conditions of high wind or when ring joints have to be negotiated or when there are heavy layers

b)

d)

e)

NOTE

5.4
ass
up fr

6

6.1

This
calib]
agre
The
take
of th
arou

NOT

6.2

of paint or scale.

The mngnnf(e) shall be nr'ljinethI:: for. hnighf so-that the clearance between the. mngnnf f2

ces and the

ank may be varied to suit the tank construction and condition.

A cord or wire cable shall be attached to enable it to be raised or lowered from thé [tank 1
bulley system, from ground level.

A graduated scale shall be attached securely to the trolley at its centrelineéyWhen the trg
bperational mode, the scale shall be either perpendicular to the tank shell.or horizontal.

The scale shall be attached to the trolley as closely as possible to the“centreline of an axi
reduce errors caused by deformations in the tank.

= Trolleys that are not magnetic can be used to maintain contaet\with the tank shell.

Graduated scale, made of steel and marked in millimetre increments. The length of the s
nort as is practicable and shall be determined by the distance at which the optical equipmer
bm the tank side. The scale shall be calibrated using.standard methods and standard referen

Procedure

Principle

calibration method is basedton the accurate measurement of a reference circumfere
rated measuring tape at one.level on an accessible, non-obstructed course. Repeat mg¢
bing within specified tolefances are made to avoid any systematic error in the derived cirg
derived circumferencesyare calculated from the reference circumference, and measuremer
n at the specified levelsand at the reference circumference. These offsets are a measure of
b tank wall. Theylare measured at a specified number of vertical, optical-reference-lines sp
hd the tank.

Forexamples see Figures 1 to 3.

Preparation of the tank

pof or, via a

lley is in its

5 in order to

cale shall be
t can be set
Ce devices.

hce using a
basurements
umferences.
ts of offsets
he deviation
hced equally

For new tanks or for tanks after repair, fill the tank to its normal working capacity at least once and allow it to
stand for at least 24 h prior to calibration.

If the tank is calibrated with liquid in it, record the depth, temperature and density of the liquid at the time of

calib

ration. Do not make transfers of liquid during the calibration.

For floating-roof tanks where offset measurements may be taken internally, the roof shall be in its lowest
position, resting on the legs.

6.3

Reference circumference

Reference circumference has a direct impact on the calibrated volume of entire tank. It, therefore, shall be
measured as accurately as possible.

© I1SO 2005 — All rights reserved
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Determine the reference circumference using the reference method described in ISO 7507-1 and the following.

a)

Take multiple measurements of the reference circumference either prior to the commencement or after

the completion of the optical readings. If the first three consecutive measurements agree within the
tolerances specified in Clause 7, take their mean average as the reference circumference and their
standard deviation as the standard uncertainty. If they do not agree within the tolerances specified in
Clause 7, repeat the measurements until two standard deviations of the mean of all measurements is less
than the half of the tolerances specified in Clause 7. Use the mean as the measured reference
circumference and the standard deviation as the standard uncertainty. Use standard procedures to
eliminate obvious outliers.

Take th
measur
of the fd

1)
2)

b)

1/4
1/4

and rej
Clause

6.4 Offset readings

6.4.1 Set
successively

seam or its \

possible to the tank wall. Reference lines shall be chosen such~that the trolley does not run over a ve
veld.
minimum number of horizontal stations shall-be as given in Table 1.

6.4.2 The

- - ; . " " ; it "
ements, and which is within the focal range of the optical instrument. Strap the tank, aiming’a
llowing levels:

of the course height above the lower horizontal seam,
of the course height below the upper horizontal seam;

eat the measurement to achieve measurements agreeing within the,tolerances specifiq
7.

up the optical-reference-line device (5.2), magnetic,trolley (5.3) and graduated scale
at the horizontal stations (see 6.4.2) that are equally spaced around the tank, as clog

Table 1 — Minimum_aumber of horizontal stations

jable
one

bd in

(5.4)
e as
rtical

Circumference Minimum number of horizontal stations
m
< 50 10
> 50,(<)100 12
100, < 150 16
> 150, < 200 20
> 200, < 250 24
> 250, < 300 30
> 300 36
NOTE 1 The number of horizontal stations divided by the number of plates in tank segments
should not be equal to an integer (e.g. 1, 2, 3, etc.) in order to avoid systematic errors.
NOTE 2 Using the minimum number of horizontal stations, especially for smaller tanks, can
lead to larger-than-acceptable uncertainties.
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Dimensions in millimetres

Y
A

Key
1to 1

10

11

[ -
O T0

0,25h
0,2h

0,25h
0,2h

12

horizontal levels
optical-reference-line
weld seam (vertical)
magnetic trolley

11
12
13

graduated scale

weld'seam (horizontal)

reference circumference taken close to location 1
optical equipment

a) Tank elevation

NOTE

K A

b) Plan of horizontal stations

The horizontal stations are designated A to K in the plan view (see also 6.4.2). Of these, only E and F are
shown in the elevation.

Figure 1 — Optical measurement of offsets from tank wall (typical case)
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1 2 1 2 1
_ta ty
M Fj‘ R, m, | R, M
<t «BIS < <
My R m R - my
a K 3 K 3
{ A YA % 2\ AV AVA
<_>f1 -< h > - f >
a) [Centreline flush b) Outside flush ¢) Inside flush

Key

1 optical-reference-line

2 tank centfeline

External reference circumference

External referpnce radius (bottom course)

Outer radius

f second course

Course thicknesses

Reference offget

Reference radlius

Individual course offsets

Internal refergnce radius

Internal radiu

Internal radiu

Figu

, second course, bottom

, second course, top

= Cem

= Ceml/2n =R

=R'1, R'y,

=14, ty, etc.

=a

=R

= my, ny, etc.
=R-11=Ceml2n —t1 = R4
=Ry

=R’y

'e 2 — Determination of internal radius from offsets to external optical-reference-line
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1 2 12 1 2
_h ty
m; my
B Ry R D Ry
m m
. R R . Ry
1 =J a3 a
R4 R4 i
R R R
/ 1\ / i\ o\
r Y { A % A
<|L> <t h P - A -
a) Centreline flush b) Outside flush c) Inside flugh
Key
1 qptical-reference-line
2 tank centreline
External reference circumference = Cem
Exte:|nal reference radius (bottom course) = Cg/2n =R
Outef radius of second course =R'4, R'5,
Courge thicknesses =14, 1y, efc.
Refefence offset =a
Refefence radius =R
Individual course offsets = mq, my, etc.
Internal reference radius =R—1t4=Ceml2n— 11 = R4
Interpal radius, second course, bottom = R4
Internal radius, second course, top =R’y

Figure 3 —Determination of internal radius from offsets to internal optical-referencg-line

6.4. Verifyrthe verticality of the optical-reference-line prior to the commencement of readings by turning the
optigal instrument at the first horizontal station through 180°, whereby the difference between the fwo readings
of the diametrically opposite positions shall be within 1 in 20 000. Also, verify the verticality of the optical-
refenence-line at each station at the completion of the readings. If verticality has not been maintained, repeat
the calibration procedure at this station.

6.4.4 Take a minimum of two measurements of offsets from vertical per course at each horizontal station,
aiming at 1/4 of course height above the lower horizontal seam and at 1/4 of course height below the upper
horizontal seam. Read the graduated scale to the nearest millimetre.

6.4.5 At all horizontal stations, measure the reference offset and then take offset measurements
progressively at vertical stations on each course as the trolley is raised up the tank wall. After the last offset
measurement has been taken on the top course, lower the trolley to the bottom course and repeat the
reference offset. The initial and final reference offset readings shall agree to within two millimetres. In further
calculations, use the mean average of the initial and the final offset readings.

If agreement is not obtained, repeat vertical offset measurements at this horizontal station.

© 1SO 2005 — All rights reserved 7
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6.5 Tank

bottom calibration

Calibrate the tank bottom, preferably by filling with measured quantities of a non-volatile liquid (preferably
clean water), as illustrated in 1ISO 4269, to a minimum level that covers the bottom completely, immersing the
dip-plate and eliminating the effect of bottom deformations. Transfer further measured quantities of liquid into
the tank until the highest point of the tank bottom is covered and the liquid level is higher than the lowest point
on the tank that will be calibrated by strapping (for example the offset measurement location or the reference
circumference location as appropriate). Alternatively, calibrate the tank bottom by a physical survey using a
reference plane to determine the shape of the bottom as specified in ISO 7507-1.

6.6 Other measurements and data

6.6.1 Dete

a) plate an
b) height g
c) density
d) ambien
e) maximu

f)

g)

deadwo
number
h)
i)

NOTE
Annex A).

shape,

A

6.6.2 ltis
datum-point
difference in
means, and

6.6.3 Me4
dip-point us
nearest milli

6.6.4

tilt of th¢ tank as shown by the plumb line deviations;

rmine, using calibrated equipment, and process the following data as described in ISO 7507-
d paint thickness;

f the courses;

and working temperature of the liquid to be stored in the tank;

temperature and the temperature of the liquid at the time of measurement;

m filling height;

od;

width and thickness of any vertical welds or overlaps;

anding height and apparent mass in air of\any floating roof or cover.

verage mean value and a range of/tank shell temperatures are required for uncertainty analysis

necessary to refer each tank“dip to the dip-point, which may be in a different position fron
used for the purpose dof tank calibration (e.g. a point on the bottom angle). Determineg
level between the datum-point and dip-point, either by normal surveying methods or by
record it.

sure the overallheight of the reference point on each dip-hatch (upper reference point) abov
ng the dipstape and dip-weight as specified in ISO 7507-1. Record this overall height, td
metre and permanently mark it on the tank adjacent to that dip-hatch.

If pg

any measurerment that shows a significant discrepancy.

ssibley compare measurements with corresponding dimensions shown in the drawings and

—

(see

h the
any
bther

b the
the

erify
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Reference circumference measurements shall agree within the absolute tolerances given in Table 2.

Table 2 — Absolute tolerances on circumferential measurements

8

8.1

Calc

Circumferential measurement Absolute tolerance
m mm
<25 2
>25 <50 3
> 50, < 100 5
> 100, < 200 6
> 200 8

Tank capacity table calculation procedure

Outside circumference

Equations (1) to (3):

R'=R+ (a - m)
whelfe
Com is the reference circumference, expressed in metres;
R is the radius, expressed in metres, of the reference circumference;
R’ is the radiusyexpressed in metres, of the tank circumference at any measuring level;
7 is the\reference offset, expressed in metres, from the reference circumference to the re
I is'the offset, expressed in metres, at the same measuring level as R'.

The

late the outside circumference from offset readings afndvthe reference circumferend

ank radius, expressed in metres, at any measuring level, based on all of the horizontal stati

e by using

(1)

)
®)

ference line;

ns is given,

for external measurements, by Equation (4):

a—m
R’:R+—Z( )—t’
n

and for internal measurements by Equations (5) and (6):

R’:R—t+M

n

C'=2nxR'

© I1SO 2005 — All rights reserved
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where
n is the number of horizontal stations;
¢ is the thickness, expressed in metres, of the plate and paint at any measured level;
t s the thickness, expressed in metres, of the plate and paint at the reference level;

C’ is the internal circumference, expressed in metres, at any measured level.

8.2 Corrections

Assuming tHat the capacity table has been calculated from internal radii (circumferences), corrections)far the
following as described in ISO 7507-1, shall be applied to it:

a) vertical peams, if lap-welded;

b) hydrostatic-head effect;

c) expansipn or contraction of the tank shell due to temperature effects;
d) filt of the tank;

e) mass of any floating roof or cover;

f) deadwood.

8.3 Tank|capacity table

Calculate and prepare the tank capacity table as described in ISO 7507-1. Calculations may be undertakgn in
radii (in ISO[7507-1 the calculations are based on circumferences).

10 © 1SO 2005 — Al rights reserved
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This

using optical-reference-line method.
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Annex A
(informative)

Tank calibration uncertainties

Introduction

annex describes calculations that are used in the estimation of uncertainties of tank ealik

ration when

The alculations follow the guidelines set out in the Guide for the expression of uncertainties in npeasurement
(GuUM)L.

A.2| Symbols

The following terms and their units have been used in this annex.

Symbol Description Unit
k Coverage factor (defined in GUM)!'] —
H; Height at which calibration is performed m
Ha Height of the top measured circumference-(tank height) m
Hy ot Height at which the reference circumference is strapped m
Ah; Height of the jth section m
h; Cumulative height of the jth section m
uh; Standard uncertainty of height (internal) of the tank for section m
uLgy Standard uncertainty_of strapping tape m
UL Expanded uncertainty of strapping tape length m
rLy Resolution of strapping tape reading m
uLy Standard.tincertainty of strapping tape reading m
tLy, Toleraiee of strapping tape tension and position m
uLy, Standard uncertainty of strapping tape tension and position m
eli, Maximum error of alignment m
uLyy Standard-uncertainty-of strapping-tape-atignment m
uL, Standard deviation of mean of multiple strapping measurements m
Cem Measured external reference circumference m
uCqy,  Standard uncertainty of measured external reference circumference m
UR gyt Standard uncertainty of external (strapped) reference radius the tank m
uR; ¢ Standard uncertainty of internal reference radius the tank m
uR; Standard uncertainty of any internal radius of the tank corrected for temperature m
udRy, Standard uncertainty of radius correction for deformation due to hydrostatic head m

© I1SO 2005 — All rights reserved
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Symbol Description Unit
uR; Standard uncertainty of any internal radius of the tank m
ty Maximum deviation from vertical of the reference line %

I Maximum error of reading of the scale on the magnetic trolley m
— Standard uncertainty of the difference of offsets measured at height ; and H, m

J respectively
Wimp Maximum uncertainty of thickness of the tank wall metal and paint m
Ubnp Standard uncertainty of thickness of tank wall metal and paint m
uty, Stelmdard uncertainty of thickness of tank wall metal m
R Average of the internal radii of the jth section m
uR;, Standard uncertainty of internal radius averaged for one course in the tank m
K ErIpiricaI factor that covers uncertainties due to tank shell deformation in horizontal .
sh plgne

Ksy Empirical factor that covers uncertainties due to course deformation in vertical plane ~ —
gt Caefficient of linear expansion of the strapping tape onl
[om Coefficient of linear expansion of the tank shell material °c1
eay, Mgximum error of coefficient of linear expansion of the strappinig or dip tape material °C~"
UGy Standard uncertainty of coefficient of linear expansion of the.strapping tape material ~ °C~"
ety Mgximum error of estimate of the linear expansion coefficient of tank shell °c1
uoy, Standard uncertainty of coefficient of linear expansign of the tank shell material °c1
Tref Regference temperature of the tank and strapping.tape °C
Ty Temperature of tank shell in service °C
Ty Temperature of (strapping or dip) tape °C
eTip Mgximum error of estimate of strapping temperature K
uTy, Standard uncertainty of temperature of (strapping or dip) tape °C
L Leyel of liquid in the tank at dipping m
ul Standard uncertainty ofdevel of liquid in the tank m
Liape DiI tape length m
ed, Mgximum error.of ullage dipping m
udp, Standard uneertainty of dipped level m
Flig Resolutign of dip tape reading m
uLyy Standard uncertainty of dip tape reading m
eTip Maximum error of temperature of (strapping or dip) tape °C
uTgp Standard uncertainty of temperature at strapping (same for tape and tank) °C
uD i, Total standard uncertainty of dipping m
P Liquid density in service kg/m3
Pref Liquid density at reference conditions kg/m3
up Standard uncertainty of liquid density kg/m3
Up Extended uncertainty of liquid density kg/m3
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Symbol Description Unit
ek Maximum error of Young’s modulus of elasticity of the tank wall material N/m?2
ukE Standard uncertainty of Young’s modulus of elasticity of the tank wall material N/m?2
b Tank tilt m/m
1) Tank tilt angle rad
Vigeaq  Volumes of deadwood m3
Viis Displacement volume of floating roof m3
Vi Expansien-of-tank—velume-caused-by-hydrestatic-head m3
A Volume of the tank at level L m3
Vo Tank bottom volume (measured) m3
v, Volume at calibration conditions (raw volume) of the tank m3
Vie Volume of the tank under reference conditions m3
ul, Standard uncertainty of raw volume in the tank m3
uly, Standard uncertainty of tank bottom volume at calibration m3
ul, Standard uncertainty of tank bottom volume at reference conditions m3
V4is Tolerance (worst case) limit of displacement volume of floating roof %
uVyi Standard uncertainty of displacement volume of floating roof m3
uVqq Standard uncertainty of volume caused by general,additional factors %
uVe4  Standard uncertainty of the model of hydrostatic head correction m3
uly, Standard uncertainty of expansion volume‘caused by hydrostatic head m3
uVef Standard uncertainty of volume of the\tank under reference conditions m3
uVy Standard uncertainty of correction for thermal expansion volume %
uv Expanded uncertainty of volume in the tank table m3
n Number of sections intowhich the circumference is divided

Np Number of alignments

Nn Number of measurements

Whnp Maximum uneertainty equal to the width of rectangular distribution

Nps Number{of-Horizontal stations around the tank

Nime Nuniber of measured radii in each course

Viaw Raw volume

el Maximum error of estimate of the service temperature

uTig Standard uncertainty of the service temperature

Vis Specific volume corrected for expansion due to temperature in service

Vhe Volume given in the tank capacity table;
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A.3 Calculations overview

Methods for

strappin

the following calculations are given in this part of ISO 7507:

g and corrections for obstructions (see also ISO 7507-1);

reference circumference (see also ISO 7507-1);
differences between individual section offsets and the corresponding reference offset;

circumferences from the reference circumference and the offset readings.

A.4 Strap

NOTE A

A.4.1 Sou

A411 St

The expand

Equation (A.
uLSt =

A41.2 St
If 1Ly is the

metres, is a4
if one readin

ul i

uLyy

where 7 is th

ping
| components of uncertainties are assumed to be statistically independent.

'ce uncertainties

rapping tape length

1):

UL ot
k

rapping tape reading
esolution of the tape (usually, rL;. =.1am), the corresponding standard uncertainty, express

given in Equation (A.2) if two readings are taken for each section and as given in Equation
g is taken for each section (with the tapes read from zero):

]1/2
}1/2

e ndmber of sections, into which the circumference is divided.

2><n><rL%r
12

n><rL%r
12

pd uncertainty, ULg, given by the calibration certificate, with a“coverage factor, , (usually, 4 =
correspondimng to a 95 % confidence level), yields the standard uncertainty; expressed in metres, as giv

ed in
A.3)

A.2)

A.3)

NOTE |

& Tactor 11122 corresponds 1o rectangular distribution.

A.4.1.3 Strapping tape tension and position

Strapping tape tension and position uncertainty includes the following components:

uncertai
uncertai

uncertai

14

nty of the tension on the device measuring the length (tape);
nty of the distribution of this tension along the tape, due to friction against the tank;

nty due to the tape not being in one plane;

uncertainty due to the tape plane not being perpendicular to the tank axis.
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The standard uncertainty, expressed in metres, of strapping tape tension and position is given in
Equation (A.4):

el A4
NOTE The factor 1/12'2 corresponds to rectangular distribution.

Typical values for tLy, are given in Table A.1.

Table A.1 — Tolerances on tank circumferences

Tank circumference Tolerance
Ly,
m mm m

<25 2 0,002

> 25, < 50 3 0,003

> 50, <100 5 0,005

> 100, < 200 6 0,006

> 200 8 0,008

A.4.1.4 Tape alignment

If the tape used is not long enough to encirclerthe tank completely, it is necessary to measure the
circumference in sections. This procedure gives-rise to errors if the adjacent tapes are not corrgctly aligned
with each other.

This|error in the alignment results in additional uncertainty. If eL, is the maximum error of the glignment of
each] section’s measurement (typically, eLi, =1 mm), the corresponding standard uncertginty of Np
alignments given in Equation (A.1) is_given in Equation (A.5):

Na xeL% Ve
uliy =| —2—12 (A.5)

NOT

The factor 4/12" corresponds to rectangular distribution.

A.4.1.5 Obstructions

uncdrtainties of the dimensions of the obstructions)

Corrgctions for the strapping tape length that runs over obstructions are subject to uncer]ainties (e.g.

The formulae for individual corrections are given in ISO 7507-1.

Standard uncertainty of the tape length due to obstructions is not calculated but is included in “additional
uncertainties” (uV,q).

A.4.1.6 Multiple measurements
This is different from ISO 7507-1 in that in this part of ISO 7507 the reference circumference is measured a

number of times (three or more) and the resulting circumference is the measurement mean average, with
added standard uncertainty equal to the standard deviation of the mean average of all measurements, uL,,.
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A.4.2 External reference circumference

Since all measurement errors are additive, the uncertainty, expressed in metres, of the external reference
circumference is obtained as the root-mean square (RMS) of all source uncertainties as given in
Equation (A.6) and (A.7) where N, is the number of measurements of the reference circumference.
Equation (A.6) should be used if one tape is used repeatedly, N, times. Equation (A.7) should be used in N,
different tapes are used to measure the reference circumference:

uCem =

uL%,. + uLtzp + uL?a
Nm

1/2
+(Nn2 qugt)mL&J

(A.6)

uCeom

where N, is

)

uL%r + uLtzp + uLtza
Nm

1/2
+ uLgn + uLgtz +...+ uLgtn + quznl

the number of measurements of the reference circumference.

A.4.3 External reference radius

The standar

URext =

A.4.4 Thic|

With maxim
uncertainty,

Ulmp =

where wip,

NOTE T

Measureme

A.5 Optic

uCem
2n

kness of metal of tank shell and paint

Um uncertainty (equal to the width of rectangular distribution) represented by Winps the stan
expressed in metres, is given by Equation{A.9):

Wl mp
o172

s typically 0,001 m (1 mm) if-taken from original manufacturer’s drawings.
he factor 1/1212 corresponds to rectangular distribution.

nts should be taken’if at all possible in order to verify the tank wall thickness.

al measurements

A.5.1 Sou

 uncertainty, expressed in metres, of the external reference radius is given by Equation (A.8):

A7)

A.8)

dard

A.9)

rce’uncertainties

The following uncertainties should be considered:

ut,,, which is the maximum deviation from vertical of the reference line (typically 0,02 % of H);

resolution and the human error) and is the same for all readings (typically, ¢, = 0,001 m);

Ulmp wh

16

ich is the uncertainty, expressed in metres, of the thickness of the plate and paint.

ut,, which is the maximum error of reading in metres (worst-case error including error of the scale, its
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A.5.2 Uncertainties of offsets from reference offset

The standard uncertainty, expressed in metres, of the difference of offsets measured at height H; and H, is
given in Equation (A.10): '

{[(Hj - Href)xmvf +(2><utr2)}1/2

uma ; = 12772 (A.10)
where
H is the height, expressed in metres, at which the offsets from vertical line are measuréd;

J

f1.¢ is the height, expressed in metres, at which the reference circumference is strapped.
NOTE 1  The factor 1/1212 corresponds to rectangular distribution.

NOTE 2  The factor 2 x ut, corresponds to two independent measurements of the offsets that are performgd (one for the
refer¢nce offset, a, and one for Nmi)'

A.5.B Uncertainties of internal radii

The |standard uncertainty, expressed in metres, of any internal ¢adius (which is equal to the| estimate of
uncdrtainty of the average of the radii of a section) is given by Equation (A.11):

> (uma;)?

2
Nhs

12

uR; =| uR2 + +utdp + Ken (A11)

whele

Ksh is the factor related to tank shape in the horizontal plane at the given height. It may Ipe estimated
as the standard deviation of measured offsets corrected for tank tilt;

is the uncertainty, expréssed in metres, of the external reference radius;
Vs is the number of horizontal stations around the tank.

NOTE The effect of tafkstilt can be the major contribution to the uncertainty of the radius. There are seyeral methods
of cofrecting for it that can-remove more or less of the uncertainty of the radius.

A.5.4 Uncertainties of internal radii of tank course

The [standard-uncertainty, expressed in metres, of the averaged mean radius for each course qgf the tank is
givelr by{Equation (A.12):

1/2

Z(”Rj)z

uR,, =| ———xK A.12
'a Nme sv (A12)
where
Npe  is the number of measured radii in each course;
Ky is the empirical factor that covers the uncertainty due to the difference of the mean average (tank

shape in the vertical plane) based on a limited number of measurements where K, > 1 (typically
Ky, = 3).
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NOTE The factor K, cannot be easily calculated but can be estimated by experiment.

A.6 Open tank table

Tank tables

are developed from the tank radii at selected heights.

The raw volume, expressed in cubic metres, of an open tank table is given by Equation (A.13):

Veaw =an(RJ2xAhj) (A13)

A.7 Tank

A.7.1 Calc

Tank tables

— adding ]a correction for tank tilt,
h

— adding
— incorpo

The correcti
are included

14

(o]
Vdead
Vais

A.7.2 Unc

table at calibration

ulations

are developed from open tank tables by

e volumes of deadwood,
ating floating roof parameters (if any).

bn for tank tilt, bottom volume, volumes of deadwood-and displacement volume of the floatind roof

in the extended raw volume, expressed in cubic metres, which is given by Equation (A.14):

Y+ Vo +Viead — Vdis (N.14)
34

s arctan b;

s the tank tilt, expressed in’/metres per metre;
s the volume, expressed in cubic metres, of the tank bottom;
s the volume{expressed in cubic metres, of deadwood;

s the volume, expressed in cubic metres, of product displaced by the floating roof (if any).

prtainties

A.7.2.1 Source uncertainties

All compone

nts of uncertainties are assumed to be statistically independent.

A.7.211 Tank tilt

The standard uncertainty of the tank tilt depends on the accuracy of the measurements of distances.

It is not calculated but is included in “additional uncertainties,” (uVq)-

18
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A.7.2.1.2 Volume of tank bottom

The standard uncertainty of the tank bottom can be calculated. A typical value, expressed as a volume
percent, can be estimated as given in Equation (A.15):

uVy=0,25t01,5 (A.15)
depending on the size of the bottom, calibration method and the deformation of the tank bottom.

NOTE Smaller uncertainties usually apply to tanks with larger bottoms and vice versa.

A.7.21.3 Floating roof or blanket
The folerance (worst-case limit), ¢V has a typical value of 5 % of V.

The ptandard uncertainty, expressed in cubic metres, is given by Equation (A.16):

(A.16)

A.7.2.1.4 Additional uncertainties

The |nfluence of the following corrections are included in the additional uncertainty, uV,4:
— forrections for tank tilt;

— rorrections for internal or external deadwood;

— humerical approximations.

The pdditional standard uncertainty, uV,4, may be estimated, based on experience, as 0,005 % of| /.
A.7.3 Volume at calibration conditions

A.7.3.1 Calculations

The following corrections”are specified in ISO 7507-1 to correct the open tank table dimensions at calibration
for

— Peformation.due to hydrostatic head from calibration density to reference density,

— [ank shelkthermal expansion from calibration temperature to reference temperature.

A.7.3.2) Uncertainties

The standard uncertainty, expressed in cubic metres, of volume at calibration conditions (extended raw
volume) is given by Equation (A.17):

uV, = {|:2><TCXZ(Ria X uRjg xAhj)Jz + (uV02 x V02)+(”Va2d x Vr2)+(”Vd2is X deis)}wz (A17)

NOTE The above equation assumes statistical independence of measurements in all tank courses.
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A.7.4 Volu

A7.41

A7411

me at reference conditions

Source uncertainties

General

The following uncertainties affect the uncertainty of volume at reference conditions.

Uncertainties calculated previously include:

uRI which-is-the ||nr\ar+9in+.\’l of the internal rarﬁlle; calculated in A5 Q;
— ut,, is tHe uncertainty of the thickness of tank wall metal; calculated in A.4.4.
The extenddd uncertainty of the observed liquid density of the liquid contained in the tank at,calibration is Up
(a typical value of which is 5 kg/m3). The standard uncertainty, up, expressed in kilograms per cubic mete, is
given by Equation (A.18):
up =P (A.18)
k
where k is tHe coverage factor (typically k = 2).
The maximym error of Young’'s modulus of elasticity of the tank wall material is eE, a typical value of which is
5 x 109 N/m#§). Assuming rectangular distribution, the standard uncertainty, uE, expressed in newtong per
square metrg, is given by Equation (A.19):
qF
The maximym error for the estimate of the strappifg temperature is eTy, (eTy, is 5 °C for typical locatipns).
Assuming rdctangular distribution, the standard-unicertainty, uTy,, is given by Equation (A.20):
eTtp
ulyp =1 2 (A.20)
The maximum error for the estimate-of the linear expansion coefficients are e, and eq,, respectively (tﬁ}pical
values of wtlich are eqy, = e =52 x 1076 °C-1). Assuming rectangular distribution, the standard uncertainties,
Uy, and uayf, expressed indeciprocal degrees Celsius, are given by Equations (A.21) and (A.22):
eatp
Uy = (A.21)
P o112
et /
Uty = A.22)
1212

The uncertai

20

nties of the following variables are assumed to be negligible:

uL, which is the uncertainty of level of liquid in the tank at calibration (if any);
ug, which is the uncertainty of local acceleration due to gravity;

upre, Which is the uncertainty of density of ambient air.
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A.7.41.2 Correction for deformation due to hydrostatic head at reference conditions

This uncertainty is a combination of contributions of uncertainties of the following parameters involved in
hydrostatic correction:

— internal radius;

— density of the liquid at calibration;

— Young’'s modulus of elasticity;

The

whete p, is the density of ambient air.

A.74

The
expa

and

The

thickness of the tank wall material.

1/2

R 2 2 )2 y 2
AV = Vi % [3xh] [_ﬂj +[u_] (_m]
R P~ Pref E I'm

nsion of the strapping tape and the tank shell, udR; includes

standard uncertainty of the coefficients of expanision of the tape and the tank,

shell),

s given by Equation (A.24):

uOoRj = {[uRi x(atp —atk)X(Ttk _Tref):|2 +[”Ttk X R; x(atp - )JZ +

2 » 2 12
(H(th +uatk)x[Ri X(Ttk —Tref)] }

Ve :Vx’_atpx(TtD—Tref)+2><ath(Tto_Tref)-|

= =

where

1.1.3 Correction for thermal expansion of tank and strapping tape at reference conditions

standard uncertainty uJ}, of the expansion volume caused by hydrostatic edad is given by
Equation (A.23):

(A.23)

standard uncertainty, expressed in metres, for the correction of the internal radius for differgntial thermal

standard uncertainty of the strapping temperatures (assumed to be the same for the tape and the tank

(A.24)

volume, expressed in cubic metres, at reference conditions corrected for thermal expangion can be
calcdlated by-the Equation (A.25):

(A.25)

Kt is the coefficient, expressed in reciprocal degrees Celsius, of linear expansion of the strapping

tape;

oy is the coefficient, expressed in reciprocal degrees Celsius, of linear expansion of the tank shell

material;

T s the reference temperature, expressed in degrees Celsius, of the tank and strapping tape (zero
uncertainty);
Ty is the temperature, expressed in degrees Celsius, at strapping (same for tape and tank).
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