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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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ubcommittee SC 3, Static petroleum measurement.

TITO—toHte OO oOTrTteoY

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

This

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

ISO 7507-2:1993, Petroleum and liquid petroleum products — Calibration of vertical cylindrical tanks —

Part

ISO
Part

ISO
Part

ISO
Part

ISO
table

ISO
prisn

ISO

Stergo-photogrammetry

ISO
Trian

The
reco
tank
sele

2: Optical-reference-line method

7507-3:1993, Petroleum and liquid petroleum products — Calibration of vertical cylindri
3: Optical-triangulation method

7507-4:1995, Petroleum and liquid petroleum products — Calibration of vertical* cylindri
4: Internal electro-optical distance-ranging method

7507-5:2000, Petroleum and liquid petroleum products — Calibration~of ‘vertical cylindri
5: External electro-optical distance-ranging method

7507-6:1997, Recommendations for monitoring, checking and verification of tank calibration
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
D091-2:1992, Refrigerated light hydrocarben fluids — Calibration of spherical tanks in shi
gulation measurement

strapping method for the calibration,of vertical cylindrical tanks has been used for many yg

at various heights. The strappinig method is also often used to establish a reference circuni
ted height to use as a datum/in other methods of tank calibration.

cal tanks —

cal tanks —

cal tanks —

and capacity

independent

bs — Part 1:

bs — Part 2:

ars and is a

gnized method of determining the capacity of storage tanks from measurements of the circumference of a

ference at a
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Petroleum and liquid petroleum products — Calibration of
vertical cylindrical tanks —

Part 1:
Strapping method

1

1.1
mea

1.2
refer

NOT
this

1.3
the t

14

1.5
corrg

2

The
refer
docy

ISO
and

ISO

Scope

This part of ISO 7507 specifies a method for the calibration of substantially vertical cylindr
suring the tank using a strapping tape.

This method is known as the “strapping method” and is suitable for use as a workin
ence method or a referee method.

- For the reference method, the number of strappings required will be specified in the standard
art of ISO 7507.

The operation of strapping, the corrections to be made and the calculations leading to the ¢
bnk capacity table are described.

This method does not apply to abnormally.deformed, e.g. dented or non-circular, tanks.

This method is suitable for tilted tanks with a deviation of up to 3 % from the vertical, prg
ction for the measured tilt is appli€d jn the calculations.

Normative references

following referenced~documents are indispensable for the application of this documen
ences, only the cedition cited applies. For undated references, the latest edition of theg
ment (including.any amendments) applies.

D1-1:1992,~Retroleum measurement tables — Part 1: Tables based on reference temperatu
50 °F

B675:1998, Crude petroleum and liquid petroleum products — Laboratory determination d

cal tanks by

) method, a

hich refers to

bmpilation of

vided that a

. For dated
referenced

res of 15 °C

f density —

Hyd !

£ il
rrreier rircurou

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

For the purposes of this document and subsequent parts of ISO 7507, the following terms and definitions

apply.

31
argument
independent

NOTE
known as the

variable of a function

dependent value(s).

A table is entered with value(s) of the independent variable(s), the value(s) extracted from the table being

3.2
bottom cali
procedure tg

3.3
calibration
process of d

3.4
capacity
total volume

3.5

bration
determine the quantity of liquid contained in a tank below the calibration datum-point

ptermining the capacity of a tank, or the partial capacities corresponding todifferent levels

of a tank

capacity table

tank table

tank capacit
table showin
stable refere

3.6
course

y table
g the capacities of, or volumes in, a tank corresponding to various liquid levels measured fri
nce point

one circumfgrential ring of plates in a tank

3.7
calibration
point used a

NOTE C

Hatum-point
5 the datum in the preparation of a calibration table

purse heights and the-effective levels of deadwood are measured from this point, to which the b

calibration is glso related.

3.8
deadwood
any tank fitti

NOTE D

ng that,affects the capacity of the tank

padwood is referred to as “positive deadwood” when the capacity of the fitting increases the effi

pbm a

bttom

bctive

capacity of the tank, or “negative deadwood” when the volume of the fitting displaces liquid and reduces the effective

capacity.
3.9

dip
innage

depth of a liquid in a tank above the dipping datum-point

3.10
dip-hatch

gauge-hatch

opening in the top of a tank through which dipping and sampling operations are carried out

© ISO 2003 — Al rights reserved
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3.1

dip-point

point on the dip-plate which the dip-weight touches during gauging and from which the measurements of the
oil and water depths are taken

NOTE The dip-point usually corresponds to the datum-point, but when this is not so, the difference in level between
the datum-point and the dip-point has to be allowed for in the calibration table.

3.12
dip-plate
striking-plate positioned below the dip-hatch

NOTE The position of the dip-plate should not be affected by bottom or wall movements.

3.13
dip-{ape
gradpated steel tape used for measuring the depth of the oil or water in a tank, either directly iy dipping or
indirgctly by ullage

3.14
dip-weight
weight attached to a steel dip-tape, of sufficient mass to keep the tape ¢aut and of such shape a$ to facilitate
the genetration of any sludge that might be present on the dip-point.or'the dip-plate

3.15
floating cover
screen

lightyveight cover of either metal or plastics material designed to float on the surface of a liquid in g tank

NOTE The cover rests upon the liquid surface and;isdised to retard evaporation of volatile products in aftank.

3.16
floating-roof tank
tank|in which the roof floats freely on the surface of the liquid contents, except at low levels when the weight of
the rpof is taken through its supports by'the tank bottom

3.17
function
when two variable quantitiés are interrelated, one quantity is said to be a function of the other

NOTE In the context’of tank calibration, the volume of liquid contained in a tank is said to be a functiop of the dip or
of thg ullage.

3.18

contains

gauging
proc%ss ofttaking all the necessary measurements in a tank in order to determine the quantity of liquid that it

3.19

interpolation

process of obtaining the value of a function corresponding to a value of the argument intermediate between
those given

3.20

Littlejohn grip

quick-release clamp that may be fitted around a strapping tape at any convenient position throughout its
length

NOTE A handle is attached to the Littlejohn grip so that the strapping tape can be pulled to the correct tension.

© 1SO 2003 — Al rights reserved 3
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open capac
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ity

calculated capacity of a tank or part of a tank before any allowance has been made for deadwood

3.22

reference height
vertical distance between the dip-point and the upper reference point

3.23

overall height

total externa

| height from the top of the shell to the base of the tank (plate)

3.24
referee met
application
purposes or

3.25

reference m
application ¢
use in other

NOTE Al
3.26

reference p
a point to wh

3.27
step-over
device used
is not possib

3.28

step-over c
distance bet
the tank con

3.29
step-over c

hod
pf the strapping method of tank calibration to give a calibration of a tank for custody tra
to provide a basis for assessing the accuracy of other methods of tank calibration

ethod
f the strapping method of tank calibration to the measurement of a réference circumfereng
methods of tank calibration

h example of such a method is the optical-reference-line method (seeASO 7507-2).

pint
ich measurements in either calibration or gauging arerelated

in strapping for measuring the distance apart, along the arc, of two points on a tank shell wh
le to use a strapping tape directly because-of an intervening obstruction, e.g. a protruding fitti

bnstant
ween the measuring points_of-a' step-over as measured along the arc of the particular cour|
cerned

brrection

difference bgtween the apparent distance between two points on a tank shell as measured by a strapping

passing ove

3.30

an obstruction-and the true arc distance as measured by a step-over, i.e. the step-over cons

strapping t

pe
specially de]signed and calibrated steel measuring tape graduated in units of length and used for t

circumferential-measurements in tank calibration

nsfer

e for

bre it
ng

5e of

tape
fant

Tking

3.31

strapping method
method of tank calibration in which the capacities are calculated from the measurement of the external
circumferences, due allowance being made for the thickness of the shell of the tank

3.32

tape positioner
guide sliding freely on the strapping tape, used to pull and hold it in the correct position for taking
measurements

© ISO 2003 — Al rights reserved
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tensioning handles
handles fastened to the strapping tape, used for pulling it into the correct position and applying tension

3.34

ullage

outa

ge

capacity of a tank not occupied by the liquid

3.35

upper reference point

poin

ullaging shall be carried out

3.36

working method

appl

of adcuracy and is unsuitable for assessing other methods

4

4.1

This

necgssary to ensure the safety of the operator are dealt with separately from those precautions w
be tgken to ensure the necessary precision required in the calibration of tanks.

4.2

4.21 The utmost care and attention to detail'shall be exercised when calibrating storage tanks.

4.2.2

requ

occurrences shall be documentedtand the calibration shall be repeated, if necessary.

4.2.3 If the tank is only_slightly distorted, sufficient additional measurements shall be tak

satisfactory calculation of ‘its capacity table. If such additional measurements are required, the calibrator’s

note

It is

abngrmality of the~tank or the fittings that affect calibration.

NOT
inlIS

clearty defined-omthedip=tatchrdirectly abovethedip=point to-mdicatethepositiomat-whig

cation of the strapping method of tank calibration by a simplified procedure thatymay result

Precautions

Introduction

clause outlines the precautions that are applicable when' tanks are being calibrated. The

General precautions

red shall be recorded separately. If any unusual occurrences are noted during the operg

5 shall include thereasons for the extra measurements.

also recommended that dimensioned sketches should be provided by the calibrator t

= Seriously distorted tanks are best calibrated using liquid calibration methods similar to the met
D 4269!

h dipping or

n some loss

precautions
hich have to

All measurements shall be cafefully observed and recorded as read, and any correctiops which are

tions, these

en to allow

b show any

hod described

4.2.
mea

4.2.5

o ensure accuracy and repeatabllity of readings, lumps of paint, scale, eic., Ikely 1o |
surement, shall be removed or the position of the measuring equipment adjusted accordingly.

nterfere with

If drawings for the tank are available, all relevant measurements shall be compared with the

corresponding dimensions shown on the drawings. Any measurement which shows a significant discrepancy

as a

result of this comparison shall be reported and, if necessary, repeated.

4.2.6 If the calibration of a tank is interrupted, it may be resumed at a later date provided that:

a)

b)

if there is a change of equipment or personnel, sufficient check measurements shall be made to ensure

that the results obtained prior to the change correspond within the tolerances given in this me

all records of work done are complete and legible;

© 1SO 2003 — Al rights reserved
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d)
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the liquid contents remain unchanged at substantially the same level;

temperatures recorded during the earlier working period.

4.3 Safety precautions

4.31

the average liquid and atmospheric temperatures are within 10 °C of the average liquid and atmospheric

The safety precautions given in 4.3.2 to 4.3.6 constitute good practice, but the list is not necessarily

comprehensive. It is recommended that the list should be read in conjunction with the appropriate sections of
any applicable safety code. The precautions shall be taken whenever they do not conflict with legislative
requirements, which shall always be followed.

43.2 Allr

433 Ifa
precautions

4.3.4 Befd
local or nati
The nationa

bgulations covering entry into hazardous areas shall be rigorously observed.

tank being strapped contains a petroleum product, attention shall be paid to the'normal s
which apply to such tanks.

re a tank which has been in use is entered, a safe-entry certificate issued in accordance
bnal regulations shall be obtained. All lines entering the tank shall be disconnected and blar
or local regulations regarding the entry into tanks which have contaibed leaded fuels shg

afety

with
ked.
Il be

meticulouslyl observed.

4.3.5 Hanf lamps shall be of a type approved for use in explosive atmaspheres.

4.3.6 The|safety of operating personnel shall be safeguarded by strict attention to the following.
Ladderd shall be inspected before use, and extendable Jadders used only within their safe oper
range. The footing for each ladder shall be level and firm, and all ladders shall be securely lash
position|before being used.

ating
ed in

a)

b) fore

id to

When painters’ cradles or bo’suns’ chairs are ‘used, blocks, falls, ropes, etc., shall be tested b
erection, and any item of questionable strengthioer condition shall be replaced. Every care shall be pa
the securring of the equipment and its operational use.
If calibr mber
scaffold

c) btion cannot be carried out without the use of staging, properly constructed steel tube or ti

ng shall be erected. Loose(bricks, drums, boxes, etc., shall not be used to form staging.

d) Where appropriate, safety harhesses shall be worn by personnel working above ground level.

5 ment

Equip

5.1 Strapping tape;.conforming to A.1. The tape shall be well greased before use.

5.2 Spring balance, conforming to A.2, for measuring the tension applied to the tape.

5.3 Step-over, conforming to A.3.

5.4 Tape positioners and cords, conforming to A.4, fitted to the strapping tape, and supplied with plaited
cords. Both upper and lower cords shall be long enough to cover the height of the tank.

5.5 Littlejohn grip, conforming to A.5, to hold the tape, without kinking, in order to facilitate application of
the necessary tension.

5.6 Apparatus for thickness measurement, either a steel rule of convenient length graduated throughout

its length in millimetres, with at least the first 10 mm subdivided into half-millimetres, and/or another device,
such as an electronic thickness gauge.

© ISO 2003 — Al rights reserved
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Dip-tape conforming to A.6, long enough to reach from the dipping reference point at the

the dip-point on the tank bottom.

5.8

5.9

Dip-weight, conforming to A.7.

End-to-end rule, 1 m in length, with graduations in centimetres and millimetres, fo

tank roof to

r measuring

deadwood, etc. If a wooden rule is used, it shall be fitted with a brass ferrule at each end and shall be free

from
5.10

5.11

6

NOT
drawi

6.1
calib

If the
calib
part
liquig

The

Obt4
mea

NOT
used

6.2

calib]
the @
bottd
norm

6.3
Recq
as a

warp.

Ladders and staging: see 4.3.6 for safety precautions.

General requirements

= If possible, measurements should be compared with the corresponding dimensions on the tan
ngs and the roundness of the tank should be ascertained.

Fill the tank to its normal working capacity at least once and allow-to stand for at least
ration.

ration. However, if the temperature of the wall surface can differ by more than 10 °C betwes
and the full part of the tank, the tank shall be either completely full or empty. Do not make
during the calibration.

bmbient temperature before and after calibration should be recorded.

surements, where necessary, to correct forldeviation of the strap due to obstructions, as desc
= Additional measurements required.to enable a table of capacities to be prepared and the pro
in obtaining them are described in Clauses 8 to 12.

It is necessary to refer alltank dips to the dip-point, which may be in a different posit
ration datum-point, e.g. a-point on the bottom angle, used for the purpose of tank calibration

m or walls. Determine any difference in level between the dip-point and calibration datum-pg
al surveying methods or by other suitable means, and record it.

Measure the‘height of the upper reference point above the dip-point using the dip-tape an
rd this referénce height, to the nearest subdivision on the dip-tape, in the empty and the fu
ppropriate;

Kk construction

P4 h prior to

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

n the empty
transfers of

in the required number of external circumference measurements, together with the subsidiary

ribed in 7.2.

Cedures to be

on from the
. Check that

ip-plate has been securely’mounted in a stable position so that it is not affected by movement of the tank

int, either by

J dip-weight.
| conditions,

7

71

711

Circumference measurements
Levels strapped

If the calibration is for referee purposes, measure the circumference by three or more st

course, at approximately the following levels:

a) forriveted tanks:

rappings per

1) 100 mm to 150 mm above the level of the top of the bottom angle of the tank, and 100 mm to

150 mm above the upper edge of each horizontal overlap between courses;

© 1SO 2003 — Al rights reserved
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2) at the middle position of each course;

3) 100 mm to 150 mm below the lower edge of each horizontal overlap between courses and 100 mm
to 150 mm below the level of the lowest part of the top angle.

b) for welded tanks:

three or more levels as indicated in a), but the upper and lower levels shall be 270 mm to 330 mm from the
bottom angle, top angle or horizontal seams.

7.1.2 If the calibration is for the working method, the circumference may be measured, if preferred, by only
two strappinS per course, taking one at each of the Tollowing Tevels:

— at about 1/5 to 1/4 of the course height or the ring height above the lower horizontal seam;
— at about 1/5 to 1/4 of the course height or the ring height below the upper horizontal seam.

7.1.3 If for any reason it is impracticable to take a strapping at the normal level, take a\strapping as clogse to
this level as [practicable, but not nearer the bottom or top angle or any seam than is specified in 7.1.1 a) ¢r b).
Record in the strapper’s notes the level at which this circumference has been measured, with the reasgn for
abandoning the normal level.

If the tape id not in close contact with the surface of the tank throughout itSywhole path, apply a step-over as
in 7.5, so that a correction may be calculated to adjust the gross circumférence for this effect.

7.2 Strapping procedure

7.21 Strap the tank by either of the methods described in 7:2.2 and 7.2.3. The calibration tension speg¢ified
on the stragping tape shall be applied to the tape using(the tensioning handles and spring balance,| and
transmitted throughout the length of the tape.

NOTE Al slight sawing motion imparted to the strapping tape will achieve this, or the strapping tape can be gased
round the tank by pulling it away from the shell by-the cords attached to the tape positioners, sliding these along the
strapping tapg as required.

Place the stfapping tape on its correct path-which shall be parallel to the horizontal seams of the tank.

7.2.2 If the strapping tape used(isynot long enough to encircle the tank completely, choose the level df the
strapping tape path and then mgasure the circumference in sections. Draw scribed lines not nearer than about
one-third of ja plate length framy'a vertical seam at such distances apart as will enable measurements {o be
made convehiently. When.the) tension on the spring balance at the end of the strapping tape is as specified in
7.2.1 for eag¢h separate.séction, record the individual readings. The external circumference of the tank [shall

7.2.3 If the strapping tape used is long enough to encircle the tank completely, choose the level of the
strapping tape_path and then pass the tape around the C|rcumference and hold it so that the zero graduat on is
ping
tape alongside. Then apply the tenS|on to the sprlng balance and ensure that it is transmltted throughout the
length of the strapping tape. Take the reading directly from the part of the strapping tape opposite the zero
mark when the tension on the spring balance is as described in 7.2.1. Record the reading.

If a strapping tape subdivided only for the first metre is used, take care when recording the circumferential
measurement to subtract the reading shown on the subdivided portion from the reading indicated by the main
graduation (see Figure 1).

7.3 Repetition of measurement

After a circumference has been measured as described in 7.2.2 or 7.2.3, release the tension and bring the
strapping tape again to level and tension as in 7.2.1. Repeat and record the readings.

8 © ISO 2003 — Al rights reserved
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7.4 Tolerances

Measurements shall be read to the nearest 1 mm and shall be considered satisfactory if repetition as in 7.3
shows agreement within the following tolerances:

Circumferential measurement Tolerance
m mm
up to 25 2
above 25, up to 50 3
above 50, up to 100 5
above 100, up to 200 6
above 200 8

If agfeement is not obtained, take and record further measurements until two consecutive readings do agree.
Takg the average of these two readings as the circumference. If consecutive measurements dp not agree,
detefmine the reasons for the disagreement and repeat the calibration procedure’until agreement |s obtained.

Key
1 dpring balance and tension handle
2 rpading shown would be 17 m minus 75 mm,or 16,925 m

Figure 1 — Reading of tape subdivided only for the first metre
7.5 | Step-overs

7.5.1 Principle

If the¢ tape path crgsses obstructions such as projections, fittings, lapped joints, etc., which will cause it to
deviate from a trug. Circular path, an erroneous circumferential measurement will result. In order tp avoid such
an efror, a step=over is used to measure the correction to be applied for such obstructions.

The |constant for any one step-over will vary with the tank diameter and the course concerfped, as it is
detefrmined on differently curved surfaces.

7.5.2 Use of step-overs

7.5.21 For each course, stretch the strapping tape as if in measurement of a circumference on the tank
which is being calibrated (see 7.1). Apply the scribing points of the step-over to the tape near the middle of a
plate where the tape is fully in contact with the tank surface.

Read the length between the points as measured on the tape to the nearest 1 mm.

Repeat the readings on four plates equally spaced around the course. Take the average of the results and
record this as the step-over constant for the course concerned.

© 1SO 2003 — Al rights reserved 9
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To assist in estimating fractions of a tape division, always take the reading from the same position on a
graduation mark, e.g. from the right-hand edge.

7.5.2.2 With the tape still in position and under the tension used in strapping, apply the step-over to the
tape on either side of each obstruction lying in the tape path. Take readings to the nearest 0,5 mm of the
lengths of tape included between the scribing points (see last paragraph in 7.5.2.1). Record all step-over

readings for

subsequent use in the calculation.

7.5.2.3 The step-over correction for the obstruction concerned shall be the difference between the
readings obtained as in 7.5.2.2 and the step-over constant obtained as in 7.5.2.1.

7524 fnctode—attobstructions for which—a step-over correction s detectabte i theTase of vertical
seams, proYided that the tape path is entirely clear of other obstructions, obtain a calculated steptover
correction ag described in 16.1.2.

7.5.2.5 Total the step-over corrections for all obstructions and vertical seams at the level eoncerned and
deduct the result, rounded off to the nearest 1 mm, from the gross circumference measured in accordance
with 7.2 to 7}4.

8 Other|lmeasurements on tank shell plates

8.1 Plate|land paint thickness

Measure thq thickness of the plate, paint and any internal coating fareach course, whenever possible, except
that, if tankq are of butt-welded construction, plate thicknesses may be taken from the drawings. Recordl the
plate and pajint thickness for each course to the nearest 0,5 mm:

8.2 Heights of courses

Measure colirse heights externally and record the vertical distances obtained to the nearest 5 mm. Makg due
allowance f¢r the effect of any horizontal seam.‘overlap in order to give the distance between succegsive
edges of thel course as exposed internally in the tank.

NOTE Seam overlaps may be obtainedifrom the tank drawings or by difference between the measuremept on
successive cqurses.

Measure colirse heights at more than one position around the periphery. Average the results obtainedq and
record them| The total of the separate course heights shall agree with the total height of the tank shell, which
shall be measured separately -at a position as near to the dip-point as practicable and recorded. If possible,
also measurg the bottom<course height internally to ensure that any repairs to, or renewals of, the tank bgttom
plating have|not resulted/in the internal height of the bottom course being reduced.

9 Deadvllood

Measure the dimensions of the deadwood, whenever possible, and the heights of the lowest and highest
points of such deadwood measured in relation to the datum-point of the tank. Record these measurements to
the nearest 10 mm.

If physical measurements cannot be obtained, take details of deadwood from the tank drawings.

10
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10 Tank bottoms

This clause should be read in conjunction with 17.2.

Calibrate the tank bottom by one of the following methods:

a) fill with measured quantities of a non-volatile liquid (preferably clean water), as specified in ISO 4269, to a
minimum level that covers the bottom completely, immerse the dip-plate and eliminate the effect of
bottom deformations; or

b) carry out a physical survey using a reference plane. Take care to ensure that the survey adequately

pescribes the contours of the tank bottom. The recommended total number of survey points for the entire
ank bottom is three times the tank diameter in metres.

NOTE Physical survey methods are used to determine the contents of the bottom by measuring”down [from a known
truly horizontal plane across the tank bottom. Such a plane may be established by means of .a dumpy leve|, a surveyor’s
level] a theodolite or water-filled tubes.

11 Measurement of tilt
Takg measurements to determine the degree, if any, by which the tank is-tilted.

NOTE This can conveniently be done during an internal bottom survey or by suspending a plumb line from the top
anglq and measuring at a sufficient number of points the maximum offset at the bottom angle [see 16.2 g)].

Bottgm-course heights should also be checked to ensurethat any tilt is genuine.

12 Floating-roof tanks
12.1| Carry out all calibration measurements-exactly as for tanks with fixed roofs.

Thegde measurements should preferably include liquid calibration of the tank bottom, which should be
continued to a depth sufficient for the.roof to become fully floating (see 1SO 4269).

12.2| Carry out the following additional measurements.

a) [The height of the {owest point of the roof above the datum-point when the roof is resting fully on its
supports. If the roofiis to be set at another working level, make the appropriate correction.

b) With the roaf-resting fully on its supports, paint four short horizontal white lines about 40 mm| wide on the
ank shellat ‘approximately equidistant points and in such a position that, viewed from some ¢efinite point
bn the “rtoof, their lower edges are just above four similar fixed reference points chosgn along the
beriphery of the roof. Slowly pump liquid into the tank; when all roof reference points are geen to have
moved equally upwards, regard the roof as fully floating. Read the dip reading of the liquid| at this level
and record it to the nearest 1 mm. Also measure and record the density and temperature of the liquid.

NOTE 1 The supporting legs can be utilized as a check of when the roof is fully floating. This has the advantage that
reliance is not placed solely on movement of the roof periphery. There can be considerable flexing of the roof surface just
before it becomes liquid-borne. As soon as the weight of the roof is removed from a leg by flotation of the adjacent roof
surface, this leg can be freely shaken without removal of its supporting pin.

From the above data, it is possible to derive the mass of the roof if the quantity of displaced water is measured.
If facilities for liquid calibration are not available, measure the shape of the roof. Take sufficient measurements

to enable the displacement of the roof to be calculated with reasonable accuracy and verified against the
drawings.
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plate attached to the roof, record this value.

NOTE 2

If the mass of the roof and its attached appurtenances is given by the manufacturer or is indicated on a

The mass of the floating roof includes half of the mass of the ladder, and half the mass of accessories

attached to the underside of, and partially supported by, the roof, e.g. flexible or articulated drain lines or floating suctions.

Check the recorded mass by calculation from the manufacturer’s drawings.

d)

If calibration of the tank is required over the range between the lowest level of the tank roof and the level

of the liquid at which the roof becomes fully floating, use either of the following procedures (but preferably
the first) [see note to 12.2 ¢)]:

1) W

a
an
liqu
bat
tem

From the ab
If f

me
cal

2)

NOTE3 T

12.3 Measlre fixed deadwood as described in Clause 9. Treat the drain line and other accessories atta

to the unde
supports.

13 Recalibration

Tanks shoul
reason, e.g.
is fitted, the

14 Comp
14.1 All cal

NOTE 1 E
and data sheg

n liquid is pumped into the tank as in 12.2 b), carry this out in batches. Measure the quantity of
eagh of the batches, which should be similar but not necessarily identical in volume, accurately lising
eter calibrated for custody transfer or from measurements made in a storage tank provided with

pccurate capacity table. Record the quantities to the nearest litre together with the, correspo
id depths above the dip-point. Record dips to the smallest graduation on the dip=tape. Choos
ch size such that increments of approximately 50 mm are obtained. Record the density
perature of the liquid.

bve data it is possible to derive the mass of the roof.

pcilities for liquid calibration are not available, measure the ,shape of the roof. Take suffi
hsurements to enable the displacement of the roof, at wvarious stages of immersion, t
culated with reasonable accuracy and verified against the drawings.

ne calibration of this region of a tank by either procedure maynot be accurate (see 17.3.6 and 17.3.11).

side of the roof as fixed deadwood in the pesition they occupy when the roof is at rest g

0 be recalibrated as required.by national regulations or if the calibration becomes suspect fo
deformation or movement ofthe tank foundations. If new equipment affecting deadwood vo
Headwood volume should:be calibrated and the tank capacity table recalculated. (see Annex

utation of tank capacity tables — General rules
culationséshall be made in accordance with accepted mathematical principles.

Frors.in calculation are minimized and checking facilitated by the adoption of a standard form of calcu
tCFhe use of the sheet illustrated in Annex C is therefore recommended.

ding
e the
and

cient
b be

ched
n its

r any
ume

ation

NOTE 2

may be added to the computed calibration table.

Calibration uncertainties may be computed as described in Annex D and a statement of these uncertainties

14.2 The calculation methods given below give minimum requirements for precision, but it is permissible to
use alternative procedures which produce a final tank capacity table of similar or greater precision. Unless
otherwise specified, volumes shall be expressed with an accuracy of five significant figures.

14.3 The standard temperature for which the tank capacity table has been calculated shall be recorded at
the head of the table. In addition, the density of the liquid to be stored in the tank when in service and used in
the computation of the tank capacity table shall be recorded.
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To enable any necessary corrections to be made, the temperature of the tank shell should be calculated as
described in Annex E.

14.4 As storage tanks expand under the head of liquid contained in them, a liquid head correction shall be
applied in the development of the tank capacity table. Gauge temperature corrections shall be applied as
described in Annex F.

NOTE 1 A suitable method of calculating the corrections for such expansion is given in Annex G.

NOTE 2  Storage tanks are also affected by thermal changes, as are any measuring tapes used, such as strapping and
dip-tapes which are calibrated to be correct at the appropriate reference temperature, e.g. 20 °C. Tank capacity tables

may pe calculated-to be correct at =TalVi roqnn'ofi standard fomnnrahwo e-g 15 °f‘ and-therefore—a-correction is required

whern the temperature differs from the calibration temperature of the tapes

NOTE 3  The subject is discussed in more detail in Annex H.

15 Form of tank capacity tables

15.1| Provided that tank capacity tables have been calculated in accordance-with the principles|given in this
part pf ISO 7507, the format adopted will not affect the mathematical carrectness of the table. However, the
prindiples given in this clause are recommended as they provide a tablé in a form most converfient for use.
For Iach tank calibrated in accordance with this part of ISO 7507 ~a{certificate of calibration, ag specified in
Anngx |, shall be issued.

15.2| The intervals of dip at which the tables are set out‘shall be chosen to allow linear intdrpolation for
intermediate dips without loss of accuracy.

15.3| Levels affected by bottom irregularities, floating-roof non-linearity range and deadwood [shall not be
included in the calculation of the average capacity,per unit depth used for the proportional-parts tgble, and this
tablg shall not be applied in interpolations in these ranges. These ranges shall be clearly marked on the tank
capdcity table.
15.4| The tables may be set out morefully; this can be justified in some cases where the grearst speed in
calcylation is desired. Nevertheless, a table set out on a single sheet of paper is often quicker in yise than one
which occupies several pages.

15.5| For certain products, e.g-heated bitumens, tables can be more conveniently set out in terns of ullage.
Howgver, if the gauging pracess is in terms of dip only, the corresponding form of table shall be employed.

16 Computation of open capacity
16.1 Corrections to measured circumferences

16.1[1 General

The corrections which have to be made to the measured circumferences are described in 16.1.2 to 16.1.4; the
systematic incorporation of these corrections is described in 16.2.

16.1.2 Step-overs

For each obstruction, the reading of the tape measurement spanning the obstruction, less the step-over
constant for the course concerned, shall be subtracted from the circumference figure obtained by strapping.
The result shall be taken as the corrected circumference, free from error due to displacement of the tape from
its proper path by the obstructions concerned (see 7.5.2).
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The displacement of the tape by obstructions on the tank shell and the corresponding correction to the
measured circumference shall normally be made by step-over.

NOTE In the case of normal vertical shell seams, the correction may be obtained by direct measurement as above or
by calculation using formula (1) or formula (2) in 16.1.3 or 16.1.4, respectively. If the shell plates are thin, and the tape
path is quite clear of any obstruction other than the seam, accurate measurement may be difficult and it is then preferable
to use the formula.

Whenever a step-over is used, any correction shall be included (see 7.5.2.4), and it shall be permissible to
determine an average step-over correction for each course from measurements taken on not less than three

seams chosen at random on the particular course. The total correction for the course shall then be obtained
by multiplyi g the average carrection h\J/ the number of vertical seams on the course

16.1.3 Double-sided obstructions

If the tape Hdeparts from the surface of the tank shell on each side of a small obstruction as shown in
Figure 2b), the correction, in metres, to be deducted from the measured circumference shall be:

212% %}m )

where
N is the number of butt straps or projections per course;
t is the amount of rise (thickness of straps or projections), in metres;
w is the width of the straps or projections, in metres;

d is the nominal diameter of the tank, in metres.

16.1.4 Single-sided obstructions

For vertical seams where the tape leaves, the shell surface on one side of the seam only, as illustrated in
Figure 2a), the correction, in metres, to bé:deducted from the measured circumference shall be:

[%} t12d 2)

NOTE Fprmula (2) is desived from formula (1) as follows. In the case shown in Figure 2a), no deadwood corrgction
for the seam|needs to be~-made as the positive deadwood on one side of the seam is equivalent to and cancels the
negative deagwood on the,other side, as shown by the shaded areas in the figure. Formula (1) thus becomes:

3 2

()

16.1.5 Plate and paint thickness

Plate thickness, measured in millimetres, shall be expressed in decimals of a metre to the nearest 0,000 5 m.
The thickness of the paint shall similarly be converted and added to the corresponding plate thickness in
subsequent calculations.
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16.1.6 Temperature
Strapping tapes shall be calibrated at a reference temperature, normally 20 °C.

For practical purposes, the strapping measurements are assumed to be correct at the tape reference
temperature. The tape is in close contact with the tank shell and thus can be considered to be at the same
temperature as the tank shell. Normally, the coefficients of linear expansion of the tank shell metal and the
tape metal are practically identical (i.e. they expand equally within the expected uncertainty bands). The
measurements of the tank shell can then be considered correct at the tape calibration temperature
irrespective of the temperature at which they were taken. If the capacity table is required at a temperature
other than the reference temperature of the tape, the tabulated values shall be adjusted by a factor derived as
desgaribed-imATMEX H:

If the coefficients of expansion of the tape and tank shell metals differ, i.e. the metalstare different, the
stragped circumference shall be multiplied by the following correction factor:

Coexp = [1 - (gt — o) x (Tsg— Tres )]
where
i = coefficient of linear expansion of the strapping tape [°C1]
o, = coefficient of linear expansion of the tank shell material {f€71]
s = reference temperature of the tank and strapping tape'[°C]

I = temperature at strapping (same for tape and tank) [°C]
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a)

N O b WODN -

Tape departs from shell on one sidel_of b) Tape departs from shell on both sides
seam obstruction
Key
dotted line represents corrected, path ‘of tape 1 ¢ = tape rise (equal to height of obstruction)
tape rises one-half of plate thickhess 2 radius of tank
radius of tank 3 tape
point at which shell departs from nominal circle
centre-line of lap
actual tape path
point at which,shell departs from scribed circle

Figure 2 — Correction of external strapping for vertical-seam overlaps

bf an

16.2 Systematic calculation

The calculation method below is arranged to be used in conjunction with, and follows the order of the columns
of, the data and calculation sheet given in Annex C.

a) The mean external circumference at each level on each course shall first be calculated from the repeat
measurements made at each particular level. Each mean circumference shall then be corrected for step-
overs as specified in 16.1.2.

b) The mean corrected external circumference for each course shall be calculated from its three corrected
mean circumferences calculated in a) above.

16
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c) The mean internal circumference for each course shall be calculated from the corresponding mean
external circumference for the course calculated as in b) above by deducting the correction for the sum of
the plate and paint thicknesses (see 16.1.5), the correction being 2nz, rounded to 0,000 1 m, where ¢, is

the sum of the plate and paint thicknesses in metres.

d) The correct mean internal circumference obtained in c) above for each course shall be squared and the

result rounded off in each case to 0,001 m2.

e) The open capacity per unit depth for each course shall be calculated as though the course were a right
vertical cylinder, from the square of the corrected mean internal circumference (C2) for each course
obtained in d) above, by multiplying by the factor 1/(4xn) (= 0,079 577 5); C being expressed in metres.

T e opercapacity per unit depthrstatt-beexpressedimitres per mittimetre:
f) The capacity per unit depth for each course as determined in €) shall be corrected-fon temperature by
Multiplying by the appropriate constant (see 16.1.4).
g) for tanks which are not substantially vertical, the open capacity per unit depth ‘obtained in e) shall be
Multiplied by the following factor to determine the volume corrected for tilt:
Cap = V1462
whelle b is the amount of tilt, in metres per metre of shell height.
NOTE This correction can be ignored for angles of tilt below 1 in.70 (14 mm/m) when the resulting error{in volume will
be legs than 0,01 %.
h) Tank capacity (raw volume, ;) at a level L within theG:™ segment of the tank shall be determiped from the
formula
V. = Voot + [A1g % (hy — AR)] + (Agg x ho) + (dggx hg) + oo ¥ [Aye x (L + A — hy—hy— ... — h,)] [MI]
where
11, A1cr ho, Aog, ... are heights and cross-sectional areas (i.e. capacities per unit depth)|of individual
courses,measured on the inside of the tank;
s is the level above dip-plate to which the volume is calculated;
A/ is the offset between dipping reference point and the calibration datum|point;
Vs s the volume of tank bottom (under the calibration datum-point).
17 Construction of final tables
NOTE Specimen-—calettations-as-detaitednt+~+to-++3are-givenin-the-dataand-cateutation-sheetinAnnex C.
17.1 Deadwood

The open capacity of each course shall be adjusted for any deadwood it contains and, by proportion, the
volume per unit depth at the appropriate levels.

a) The total volume of each piece of deadwood shall be calculated to the nearest litre.

NOTE 1 In this context, the term “pieces of deadwood” may include such items as rivet heads taken co
single “piece” of deadwood in the particular course.
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b) The effect of small pieces of deadwood may be omitted. However, the total effect of any such omission
shall not lead to error in the tank capacity table exceeding 0,005 % of the total capacity of the course in
which the deadwood occurs. Such deadwood shall be omitted only if it is located evenly, or substantially
so, over the whole height of the course.

NOTE 2

In calculating the table, it is permissible to include the effect of any deadwood, however small. Deadwood

calculations are facilitated and errors minimized by the use of the recommended standardized layout illustrated in Annex C.

from
west

c) In calculating deadwood allowances for any internal pipework in the tank, the total displacement, based
on the external diameter, shall be taken when the pipe is closed off from the tank contents. When the pipe
contains liquid, e.g. a swing-pipe or a floating suction, the displacement shall be calculated from the
differenge-between-the-interral-and-external-diameters—e—the-velume-of-metal-contaired-n-the-pipe

d) The deddwood allowance for swing-pipes, floating suctions, flexible drains, etc., shall be deducted
the opep capacity of the course at the appropriate levels which these accessories occupy at their Ig
work pasition.

See also 1713 for the additional adjustments required in the case of floating-roof tanks.

17.2 Tank|bottoms

The procedu
in the certifig

NOTE If
structure, botf

If the tank K
Clause 10),
below.

That portion
discontinuity
the highest
Annex C).

a) Tank bg

Correction for the effect of bottom~ characteristics shall be made, as necessary, in accordance with

Tank bottoms that-are essentially flat and regular in contour and which are stable under varying |

The voluime between the principal plane passing through the tank bottom and the plane pa

re used to calibrate the tank bottom, chosen from those describgd in’ Clause 10, shall be rep
ate of calibration (see Annex I).

the tank bottom is substantially horizontal, e.g. when the tankis carried on a level concrete raft or
om irregularities can be neglected.

ottom has been calibrated by measuring known volumes of liquid or by survey methods

he tank capacity table for these levels shall be-constructed from the measurements as in a)

of the tank capacity table calculated “from strapping or internal diameters shall hav
with that portion calculated from the‘bottom calibration data, the former portion commenci
level and corresponding capacity, which are shown on the bottom calibration data sheet

ttoms, flat type

ciples:

d have no-effect on tank capacity determined from geometric considerations.

ugh the dip-point shall be calculated as a right vertical cylinder.

brted

steel

(see
or b)

E NO

hg at

(see

the

iquid

5sing

If tank bottoms are of irregular slope or shape and/or instability exists, and if correct capacities

cannot be determined conveniently from survey measurements, liquid calibration shall be used as
described in ISO 4269.

uded in the first increment of the tank capacity table.

sufficient to overcome all irregular shapes or unstable conditions.

following prin
1)
heg
2)
thrg
3)
4)
incl
5)
6)

The volume below the dip-point, whether calculated by survey or by liquid measurement, shall be

If liquid calibration is used, as described in ISO 4269, it shall be continued to a depth in the tank

A tank with a sloping or irregular bottom may be calibrated by the measurement and summation of

incremental liquid volumes introduced into the tank, from the lowest point in the bottom to a point

18
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above which computations can be made from dip and strapping measurements. The tank entries at
the required intervals of dip shall be calculated by the method of divided differences or by other
mathematical processes.

b) Tank bottoms, conical, hemispherical, semi-ellipsoidal and spherical-segment

Tank bottoms conforming to regular geometric shapes have volumes which may be either computed from

survey measurements or, preferably, measured by liquid calibration through incremental filling. When volumes

are to be computed from survey measurements, these shall be made at points shown on the applicable
illustration in Figure 3. Any detailed differences in shape affecting the volume data, such as knuckle radii, shall

be measured and recorded in sufficient detail to permit computation of the true volume.

17.3

17.3
prac
than

Floating-roof tanks — Additional calculations to be applied

1 Two levels shall be defined, each an exact number of millimetres above the dip-point fr
ice, dip readings will be taken. The first level, designated A, shall be not less than 40 mm ¢
60 mm below the lowest point of the roof plates when the roof is at rest. The¢second level, d

bm which, in
nd not more
esignated B,

shallf be not less than 40 mm and not more than 60 mm above the free oil surfacé when the rodf is just fully
floating in the lowest-density liquid to be contained in the tank.

17.3]12 The allowance for the roof may be incorporated in a suppleméntary table, which shal|l be used in
conjuinction with the tank capacity table for all levels above B. Alternatively, the roof may be treated as
deadwood and incorporated in the tank capacity table directly.

NOTE The partial displacement due to the roof between, levels A and B may also be incorpprated in the
supplementary table or directly in the tank capacity table (see also 17:3.10).

17.3
to 14

NOT
the p

17.3
dead

17.3

calc
calc

whic

17.3
It sh

volu

NOT
meag

3 The mass of the roof and accessories shall be .checked against the manufacturer’s drawin
.2 ¢)].

Foduct to be stored in the tank, as given in the appropriate table in ISO 91-1.

4 The drain line and other accessories attached to the underside of the roof shall be inclu
wood in the positions they occupy. when the roof is at rest on its supports.

5 Below level A, the allowance for deadwood shall be the algebraic sum of the fixed
wlated in accordance with“17.1, plus the volume of deadwood associated with the floati

lated in accordance-with 17.3.4. The total deadwood shall be allocated according to the rel
h the separate components occupy up to level A.

6 Between levels A and B, the additional displacement of the floating roof itself has an incrg
il be treated in the same way as any other deadwood and shall be allocated proportionally t
imes occupiéed by successive horizontal slices of appropriate depth.

gs [see note

The displacement volume of the roof is €alculated by dividing the mass of the roof by the average density of

ded as fixed

deadwood,
ng roof and
ative heights

asing effect.
b the relative

g

E The required volumes may be calculated from the dimensions of the floating roof. Alternatively, where
ured quantities of liquid have been admitted to the tank [see Clause 10, 12.1 and 12.2 d)] and the torresponding

levels of the free liquid surface have been determined by dipping, the necessary adjustments to the tank capacity within
the range between levels A and B may be computed from this data.

That part of the table between level A and level B shall be marked “not accurate”.

17.3.7 Above level B, at which the roof becomes fully floating, the volume of liquid displaced by the roof will
be proportional to the density of the liquid on which it is floating, and shall be calculated as in 17.3.3.

17.3.8 The total displacement obtained from 17.3.6 includes the volume of the roof supports, and the
displacement due to half the mass of the drain connection and swing-pipe. The roof supports have already
been included in the deadwood calculation for the level below A, which also includes the total displacement of
the swing-pipe and drain connection. When displacements are calculated from masses of the roof and
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deadwood measurements, the effect above level B of those portions of the deadwood which have previously
been taken into consideration shall be removed by adding their total volumes at level B.

17.3.9

If the partial displacements of the roof have been included in the tank capacity table between levels A

and B as in 17.3.2, the effect of the sum of the partial displacements shall be removed at level B before taking

the total displ

acement of the roof into consideration as in 17.3.6.

17.3.10 The density of the liquid for which the roof displacement has been calculated shall be recorded in the
tank capacity table. A table of corrections shall be appended giving quantities to be added to or subtracted
from the oil volumes shown in the tank capacity table when the density of the oil differs from this fixed value.
This table shall be calculated for a range of densities appropriate to the grade of oil which will be stored in the

tank. If the
capacity tab
roof has not
correction sk

Key
1
2
3

tank shel
head-to-g
tangent p

Measureme
knuckle and

For convex
such as C
deformation
should be in

e (see 17.3.2), this correction table shall only be used above level B. If the displacement.g

pints

tatdisptacement of theToof trasbeemtakeminto—account directty i thepreparatiormrof the

f

been taken into account directly in the preparation of the tank capacity table, the approp
all be incorporated in the supplementary table which will apply at any level above levellA.

Z
|
|

/1
N
%

3

hell joint

ts shall be taken of A and B.and offset measurements of C and D sufficient to describg
contour of a spherical segment:

ank bottoms of indefinite;contour or with localized deformations, sufficient offset measure

5. Sketches showingshapes of bottoms, deformations, if any, and locations of measure
Cluded in the strapping record.

a) Spherical-segment (dished) tank bottoms, convex and accessible

Figure 3 — Calibration of bottoms of vertical cylindrical tanks

20

ents
bnd D should be taken” and recorded to establish the contours of the bottoms and ext%Ev
ents

tank

the

riate

the

t of
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1 1
/ 2
. | [
|
'
| < \ ' /
) |
|
-+
Key Key
1 tank shell 1 tank shell
2 Head-to-shell joint 2 tangent points
3 head-to-shell joint
Hemispherical bottom Semi-ellipsoidal bottom

Meagurements shall be taken of A, or of A and B, for bottoms known to pe hemispherical or semidellipsoidal in
shape.

It is fecommended that additional offset measurements of C.and D, as shown in Figure 3a), fpr spherical-
segment (dished) bottoms, be taken and recorded as supporting evidence.

Strapping records shall include the type of bottom and.a sketch or sketches showing the locations of the
measurements.

b) Hemispherical and semi-ellipsoidal tank bottoms, convex and accessible

1

N\ >

Key

1 thngent points

With knuckle radius Without knuckle radius

Measurements shall be taken of A and B and offset measurements of C and D sufficient to describe the
knuckle and the cone.

¢) Tank bottoms, coned downward and accessible

Figure 3 — Calibration of bottoms of vertical cylindrical tanks (continued)
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17.3.11 1t is considered impracticable to make allowances in the tank capacity table for the effects of
extraneous matter retained by the roof, varying friction of the roof shoes, and any possible variation in
immersion of the roof supports.

17.3.12 The effect on tank capacity tables of floating covers is similar to that of floating roofs. However, these
covers are much lighter in construction and their displacement correspondingly less. If adjustment to the tank
capacity table is required, it shall be calculated in a procedure similar to that in 17.3.1 to 17.3.11, from the
mass of the cover components supplied by the manufacturer.

NOTE Variations in the temperature of the liquid on which the cover is floating are generally very small owing to the

protection from thermal radiation afforded by the fixed tank roof and the cover itself. The corresponding variations in the

density Of th° IH qv d mmr\A r)i-r\l nAnr the-cover cah therefore. kn nnn|nr\|‘nﬁ| The o{onrlarrl Ar\no + for-which-the nnrrnction

is calculated ¢an be adjusted, |f reqwred to the mean temperature of the tank at the time of gaugmg
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Annex A
(normative)

Specification for equipment used in strapping

Strapping tape

A1
1,09

The tape shall be made of high-carbon steel having a carbon mass fraction of betwee
b. The tape shall have a tensile strength of between 1,6 x 103 Nm=2 and 1,85 x.103

coefficient of thermal expansion of (11 + 1) x 10-6 °C-1.

NOT

A1.]
cond

A1l
sup

A.1.4
shall
metr]

The

The
and
thos

A1t
ona

The tape may be provided with a suitable winding frame or case.

P The tape shall have been calibrated at 20 °C and under an applied tension of 50 N. Th
itions shall be marked on the tape at or near the zero end of the tape.

B The graduations shall be accurate to within 1,5 mm in each 80 m of length when the
orted on a flat surface at 20 °C and subjected to a tension of 50.N.

}  The tape shall be in one continuous length and graduated'on one face only. The zero poir
be between 100 mm and 150 mm from the end tape’The tape shall be graduated at inte
e and also at intervals of one decimetre, centimetre and millimetre.

engths of the graduations shall be as follows:

At each metre, across the full width of the tape;

ht each decimetre, across the full width of the tape;

bt each centimetre, across two:thirds of the full width of the tape;

bt each fifth millimetre, across one-half of the full width of the tape;

bt each millimetre, other'than each fifth millimetre, across one-third of the full width of the tape.

distance from the, Zero mark shall be marked at every metre, on a bright tablet, and at ever
bvery decimeire. The size of the numbers used to denote the decimetre graduations shall b
b used to_denote the centimetre graduations.

b The-figures and graduations shall be raised between 0,01 mm and 0,03 mm and be brig
black background. The graduations shall be of uniform width, between 0,20 mm and 0,55 m

n 0,7 % and

Nm—2 and a

e calibration

tape is fully

t of the tape
rvals of one

y centimetre
b larger than

htly coloured
m, and shall

ben

A.2

brmal to the nrlgn of the fnpn

Spring balance

A.2.1 The balance shall have a metal body and handle with a steel spring and hook.

A.2.2 The balance shall be of the barrel type with a loop handle at one end through which tension can be
applied and, at the other end, a hook for attachment to the strapping tape. The hook shall be fitted with a self-
closing latch to prevent the tape becoming detached from the balance if the tension is slackened.

A.2.3 The balance shall have a graduated scale marked from 0 to 100 N at intervals of 10 N and shall have
an accuracy of + 10 N.
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A.3 Step-
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over

The step-over shall comprise a frame, rigidly holding two scribing points, of such a size that the points can be
applied to the tape well clear of any obstruction without having any effect on the tape path and such that the
frame itself does not touch either the obstruction or the tank shell. The step-over shall be of rigid construction.

The step-over may be of wood or metal.

positioners and cords

NOTE
A.4 Tape
A4.1 The

attached. Th
for attaching
cannot turn

A.4.2 Cords shall be made of a material that will not produce or accumulate an electfastatic charge

cotton or an

Cords shoul

A.5 Littlejohn grip

NOTE AlLittlejohn grip is a device used to attach a tensioning handle atintermediate positions on a strapping ta
A.5.1 The|grip shall be made of metal softer than that of the strapping tape.

A.5.2 The|grip shall be constructed such that it can hold\tAe strapping tape without slipping when a for|
100 N is apqglied to the tape.

A.5.3 The|grip shall incorporate a quick-release mechanism.

A.6 Dip-tape

A.6.1 The|dip-tape shall be made-of high-carbon steel having a carbon mass fraction of between 0,7 %
1,0 %. The [tape shall have a tensile strength of between 1,6 x 10-3 Nm=2 and 1,85 x 103 Nm2 a

coefficient o

A.6.2 The
equivalent tq
end of the tg

A.6.3 The

tape positioner shall comprise a metal guide bar, at least 120 mm long, with a metahb
e ends of the guide bar shall be bent to an angle of 45°, and holes shall be provided at.each
a cord. The bridge shall be dimensioned so that the strapping tape can pass freely through
bver when under it.

pther natural fibre.

] preferably be of a plaited construction.

thermal expansion.of (11 + 1) x 106 °C-1.

the weight 'of the bob. The calibration conditions shall be marked on the tape at or near the
pe.

ridge
end
t but

e.g.

pe.

ce of

and
nd a

tape shall have been calibrated at 20 °C and under an applied tension of 15 N or at a tefsion

zZero

fully

supported of

graduations shall be accurate to within 1,5 mm in each 30 m length when the tape is
aflat crirfana of 0N 0 A o it ool ~F A5 N
raTmalr ouriauve Al o v o Aariu OUUJU\JI.GU Ua PUII T T TN,

A.6.4 The tape shall be in one continuous length and graduated on one face only. The tape shall be
graduated at intervals of one metre and also at intervals of one decimetre, centimetre and millimetre.

The length of the graduations shall be as follows:

a) ateach
b) ateach
c) ateach
24

metre, across the full width of the tape;
decimetre, across the full width of the tape;

centimetre, across two-thirds of the full width of the tape;
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d) ateach fifth millimetre, across one-half of the full width of the tape;

e) ateach millimetre, other than at each fifth millimetre, across one-third of the full width of the tape.

The distance from the zero mark shall be marked at every metre, on a bright tablet, at every centimetre and at
every decimetre. The size of the numbers used to denote the decimetre graduations shall be larger than those

used

to denote the centimetre graduations.

A.6.5 A swivel hook shall be permanently secured (e.g. by means of riveting) to the front end of the tape to
allow the attachment of a dip-weight. The hook shall be such that it will not distort in use and shall be
equipped with a device to prevent accidental decoupling of the dip-weight.

NOT

E Hooks made of brass are preferred.

A.6.6 The tape shall not be varnished or otherwise treated so that it becomes electrically in

tape

A7
NOT
A7

A.7.]
dime
tape

The
be a

A.7.]
one
each

shall be wound onto a winding frame with a winding handle.

Dip-weight

The dip-weight is intended to be used in conjunction with, and form an.integral part of, the dip-tayq
The dip-weight shall be made of brass or another non-spark-producing material of similar
nsioned to accommodate the swivel hook (see A.6.5)."When attached to the dip-tape, the
shall provide a continuous length-measuring device.

bottom and top sections of the weight should. preferably be chamfered. The bottom flat shou
pproximately 13 mm in diameter.

B If the weight is manufactured with alflat face on one side, and if this face is graduated
centimetre and one millimetre, the graduation marks at each centimetre shall be longer t
millimetre and shall be numbered:

sulated. The

e (A.6).

density.

P The weight shall have a hole drilled into its top, lug: The hole shall have a varialle diameter

weight and

d preferably

intervals of
an those at
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Annex B
(informative)

Recommendations for monitoring, checking and verification of tank

B.1 Introdluction

Vertical cylir

and petroleyim products. Measurement of liquid levels and the use of the tank capacity table “permi

assessment
measureme
considered
based on t

Bibliography).

Data currenf
the first five
next 10 yeal
in diameter,
accuracy of

B.2 Scop

This annex
vertical cylin

B.3 Reca

The assess|
tank determ
practicable t

Recalibratio
measureme
remeasured

Recalculatio

e

calibration and capacity table

drical tanks are a type of tank in general use throughout the world for the storage of ‘petro

of volume of the liquid held in store or transferred. Vertical cylindrical tanks, in common with
t devices, are subject to alterations in their calibration. Previously, sugh. alterations
nsignificant and their magnitude had never been seriously assessed. This part of ISO 75
ne results of an investigation carried out in the United States of America (see [1] in

ly available indicates that tanks are subject to a primary settlement'which generally occurs d
years to ten years of service. Secondary settlement can also occur but appears to spread ovs
s to 20 years of the tank’s life. Throughout their service lifeidanks can undergo gradual cha
tank plate thickness and tilt. These factors affect the calibration of the tank and consequentl
ANy quantity assessments made using the tank capacity tables.

gives guidance on monitoring the accuraegy of the calibration and the tank capacity table
drical tank.

ibration and recalculation

nent of the nature and extent of various factors which can influence changes in the capacity g
ine whether a tank-should be recalibrated or its tank capacity table recalculated. It ig
b indicate definitively dall those factors which would require either recalibration or recalculation

n is the pracess of measuring the tank when it has been established that the ori
nts no longer define the tank dimensions accurately. In these circumstances, the tank shou
completely’and a revised tank capacity table calculated from the new measurements.

hof\the tank capacity table is required when operating variables, such as product de

eum

t the
bther
were
D7 is

the

uring

r the

nges
y the

of a

f the
not

ginal
d be

nsity,

average sto

rage temperature, or reference height, are altered, or modification of the deadwood occu

s. In

these circumstances, the recalculation of the tank capacity table is based on previously measured tank

dimensions.

B.4 Criteria for deciding significance of change

To establish acceptance limits for changes in the measurement and the operating variables which affect a
tank’s capacity, it is necessary to decide the overall variation in tank volume that is considered to be
significant. As a general rule, a variation in tank volume of 0,01 % or greater should be considered to be

significant.

26
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A range of 0,01 % to 0,05 % change in the tank capacity is given in Tables B.1 to B.5. Tables B.1, B.2 and B.3
provide criteria for recalibration, whilst Tables B.4 and B.5 provide criteria for recalculation.

In the case of tilt, the recommended criterion is a change of 10 mm/m of tank height.

Although this will affect the apparent tank capacity to only a relatively minor extent, the change in tilt is
considered more important than the capacity effect. A significant degree of tilt can be an indication of serious
structural problems in the tank’s foundations and should be investigated.

B.5

Recalibration of the tank

B.5.1 Factors influencing the need for recalibration

Recdlibration of a tank may be required if any of the dimensions or characteristics of thefollowing
a) [ank diameter;

b) [ank plate thickness;

c) [ank tilt;

d) pfeadwood;

e)

f)  repairs undertaken to the tank structure which significantly alter its capacity.

B.5.2 Recommendations for assessment of the need for recalibration

The following recommendations are a basis for deciding whether recalibration is required.

ank reference height;

a) Merification of the bottom course diameter, plate thickness and tank tilt should be carried o
years. If the changes in measured dimensions exceed the minimum level of significance (S
recalibration should be undertaken.

b) A total recalibration should be-undertaken every 15 years as a matter of routine, even if th

verification checks do notrshow any variation within the limits given in B.4.

B.5.8 Structural alterations to tanks

Recalibration may beyequired if structural alterations are made to the tank. Examples of such al

as fdllows:
a) pxtensivechanges to the deadwood of the tank;

b) Blterations to the reference height by alterations to the height of the dipping datum-point;

are altered:

ut every five
ee B.4), the

e five-yearly

terations are

c) repair work to the bottom plating.

B.6 Recalculation of the tank capacity tables due to operational changes

B.6.1 Factors which generate a need for recalculation

There are several factors which, when altered, generate a need for recalculation of the tank capacity tables.

The first two are operational factors, the others are mechanical changes:
a) changes in the average operating temperature of the tank shell;

b) changes in the density of the product stored in the tank;

© 1SO 2003 — Al rights reserved
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c)
NOTE
d)

e)

:2003(E)

alterations to the vertical position of the dipping datum-point;
This may require recalculation of the tank capacity tables (see B.6.5).
alterations to the mass of the floating roof;

simple changes to tank deadwood.

B.6.2 Tank shell temperature

Tank capacity tables are calculated at a standard temperature which is indicated on the printed tables.

Unless the
includes a rq
operating te
recalculatiorn

Table B.4 sh
liquid tempe

tank capacity tables are included in a computerized oil volume calculation procedure ™V
utine to calculate the effect of temperature on the capacity of the tank, alterations incthe’ ave
mperature of the tank shell may require that the tank capacity tables be recaleulated.
s should be carried out in accordance with Annex E.

ows variations in tank capacity due to variations in the tank shell temperature, ambient aif
ratures, to assist in determining whether a tank table requires recalculation.

B.6.3 Density changes

Tank capac
liquid, or cor

ty tables are calculated on the basis of either the tank in any'unstressed condition, i.e. emg
taining liquid of a stated liquid density. The basis is indicated'in the printed tank capacity tabl

Unless the fables are included in a computerized volume calculation procedure which includes a routi

calculate thg
liquid contai
should be c4

effect of varying density of the liquid contained in‘the tank, any alteration in the density g

rried out in accordance with this part of ISO 7507.

B.6.4 Floating-roof corrections

Floating-roo
floating-roof
recalculation
variations in

Recalculatio

B.6.5 Cha

Alterations t
complete re

If the datum

corrections are affected by the._density of the product in which the roof is floating. |
correction has been incorporated in the tank capacity tables, consideration should be giv¢
if the density of the liquid stered in the tank is altered. In these circumstances, the effect d
liquid density may be significant if the roof is grounded.

h should also be undertaken if there have been changes to the mass of the floating-roof.

nges in dipping datum-point

b the vertical position of the dipping datum-point may require either a complete recalibration
alculation.

peint has been moved downwards, unless the details of the bottom survey have been retain

hich
rage
Such

and

ty of
ES.

ne to
f the

hed in the tank can require that the tank capagity tables be recalculated. Such recalculations

f the
bn to
f the

ora

ed, it

will be necessary 10 recalibrate the tank bottom soO that the capacity below the datum-point ca
recalculated.

n be

If the datum-point has been moved upwards, the tank capacity tables may be recalculated by altering the
vertical height between the calibration datum-point and the dipping datum-point.

B.6.6 Changes to tank deadwood

Corrections for minor changes in tank deadwood may be effected by recalculation of the tank capacity table.
However, it may be preferable to allow for the effect of extensive changes in deadwood by recalibration of the

tank.
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Table B.1 — Variation in tank capacity (%) with change in diameter

Normal tank diameter Approximate variation in capacity (%)

0,01 0,02 0,03 0,04 0,05 0,06
m Produced by change in tank diameter (mm)
5 — — 1 1 1 1
10 — 1 1 2 2 3
15 (1) 1 2 3 4 4
20 ) 2 3 4 5 6
25 (1) 2 4 5 6 7
30 (1) 3 4 6 7 9
35 (2) 3 5 7 9 10
40 (2) 4 6 8 10 12
45 (2) 4 7 9 11 13
50 (2) 5 7 10 12 15
55 (3) 5 8 11 14 16
60 (3) 6 9 12 15 18
65 (3) 6 10 13 16 19
70 (3) 7 10 14 17 21
75 4) 7 11 15 19 22
80 (4) 8 12 16 20 24
85 (4) 8 13 17 21 25
90 (4) 9 13 18 22 27
95 (5) 9 14 19 24 28
100 (5) 10 15 20 25 30
105 (5) 10 16 21 26 31
110 5) 11 16 22 27 33
115 (6) 11 17 23 29 34
120 (6) 12 18 24 30 36

NOTIE Figures~in\parentheses are within the measurement tolerance for reference strapping. Cautipn should be
exergised in using-such data as indicators of the need for recalibration.

© 1SO 2003 — Al rights reserved

29


https://standardsiso.com/api/?name=c821091dc5c7858469c1f2e3e76a254f

ISO 7507-1:2003(E)

Table B.2 — Variation in capacity (%) due to alteration in thickness of bottom course plate of tank

Normal tank diameter Variation in capacity (%) of bottom course (nominal plate height: 2 m) for
reductions in plate thickness of 1,5 mm to 3 mm
m 1,5 mm 2,0 mm 2,5 mm 3,0 mm
10 0,38 0,50 0,63 0,76
15 0,25 0,34 0,42 0,50
20 0,19 0,25 0,31 0,38
25 015 020 025 030
30 0,13 0,17 0,21 0,25
35 0,11 0,14 0,18 0,22
40 0,09 0,13 0,16 0,19
45 0,08 0,11 0,14 0,17
50 0,08 0,10 0,13 0,15
55 0,07 0,09 0,11 0,14
60 0,06 0,08 0,10 0,13
65 0,06 0,08 0,10 0,12
70 0,05 0,07 0,09 0,11
75 0,05 0,07 0,08 0,10
80 0,05 0,06 0,08 0,09
85 0,04 0,06 0,07 0,09
90 0,04 0,06 0,07 0,08
95 0,04 0,05 0,07 0,08
100 0,04 0,05 0,06 0,08
105 0,04 0,05 0,06 0,07
110 0,03 0,05 0,06 0,07
115 0,03 0,04 0,05 0,07
120 0,03 0,04 0,05 0,06
NOTE Rlate thickness should.bé measured at eight points circumferentially on the bottom courses and averagef.
Table B.3 — Capacity correction for tank tilt
Tilt Capacity correction factor
mm/m %

14 0,010

16 0,013

18 0,016

20 0,020

22 0,024

24 0,029

26 0,034

28 0,039

30 0,045
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Table B.4 — Effect on tank capacity variations in shell, ambient air and liquid temperatures

Variation in shell Variation in ambient air Variations in liquid Approximate variation in
temperature, 74 temperature, 7, temperature, 7 capacity
°C °C °C %
5 10 10 0,01
10 20 20 0,03
15 30 30 0,04
20 45 45 0,05
NO'dE A change in Tg, T, or T will give rise to the variation in capacity shown.

Table B.5 — Effect on tank capacity of change in liquid density

Variation in density

%

Approximate variations in capacity

%

10
20
30
40
50

0,008 to 0,015
0,016t0 0,030
0,030 to 0,040
0,040 to 0,050
0,050 to 0,065

© 1SO 2003 — Al rights reserved
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Annex C
(informative)

Tank calibration data and calculation sheet

This annex gives an example of a tank calibration data and calculation sheet.
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Calilf
date

Calc
date

Dip Volume

mm litres
0 124 085
1 125 677
2 127 227
3 128 787
4 130363
5 131 952
6 133 552
7 135 163
8 136 784
9 138 414
10 140 050

List of deadwood
Item Volume from to
litres nm mm
610 mm +119 400 1010
1 inlet
30 mm +14 250 550
1 inlet
150 mm +3 250 400

rated by: S.C Glennon

2003-07-15

Lilations by: M \Williams

2003-07-15
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Annex D
(informative)

Tank calibration uncertainties

D.1 Introduction

This annex
method.

Hescribes calculations used in estimation of uncertainties of tank calibration using the strapring

The calculatjons follow the guidelines set out in the Guide to the expression of uncertainty in- measurement

(GUM) 121,

D.2 Symbols

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

36

Corrected internal cross-sectional area of the tank at strappingheight
Area (internal) of tank for course n

Measured external circumference

Hxternal circumference corrected for temperature

Imternal circumference of the tank

oung's modulus of elasticity of the tank wall material

aximum error of estimate of the linear expansion coefficient of strapping tape
aximum error of estimate of the linear expansion coefficient of tank shell
aximum error of alignment of a pair of'strapping tapes

aximum error of estimate of strapping-temperature

ocal acceleration due to gravity

eight (internal) of the tank for eourse n

evel (of liquid) in the tank

Imternal radius of the tank

esolution of strappingtape reading

olerance of strapping-tape tension and position

etal and paint thickhéss of tank shell material

eference tempeérature of the tank and strapping tape

emperature 0f strapping tape and tank shell at strapping

Standard uncertainty of internal circumference of the tank
Uncertainty of young's modulus of elasticity

Uncertainty of local acceleration due to gravity

Standard uncertainty of height (internal) of the tank for course n
Standard uncertainty of level (of liquid) in the tank
Standard uncertainty of strapping tape

Expanded uncertainty of strapping tape length

Standard uncertainty of strapping tape alignment

Standard uncertainty of strapping tape tension and position
Uncertainty on measurements of density of liquid
Uncertainty of reference density
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uly, Standard uncertainty of strapping tape reading m
uR; Standard uncertainty of internal radius of the tank m
Ulmp Standard uncertainty of thickness of tank wall metal and paint m
uTg Standard uncertainty of temperature at strapping (same for tape and tank) °C
uv Expanded uncertainty of volume in the tank table m3
ur, Expanded uncertainty of volume at calibration conditions m3
uVqq Standard uncertainty of volume caused by general additional factors % vol
uly, Standard uncertainty of volume of the tank bottom % vol
uVeq Standard uncertainty connected with the volume correction due to the hydrostatic head m3
uVyis Standard uncertainty of the volume displaced by floating roof/screen and deadwood % vol
uly, Standard uncertainty of volume caused by factors related to hydrostatic expansion % vol
uVo Stalldald Ullbcltaillty Uf VU:UIIIC uauacd by thc dcfunllat;un Uf thc tall:\ bUttUIII duc tU m3
hydrostatic heading
ul, Standard uncertainty of raw volume in the tank m3
uVgp Standard uncertainty of volume caused by tank shape % vol
ne Standard uncertainty of the correction for the volume of thermal expansion,of tank % vol
Vv Volume contained in tank corresponding to the height for which the uncertainty is m3
calculated
V Volume in the tank bottom m3
Vdis Volume displaced by floating roof/screen and deadwood m3
"h Expansion volume caused by hydrostratic head m3
V. Raw volume (of liquid) in the tank m3
Vi Volume of thermal expansion of tank m3
Winp Maximum uncertainty of thickness of the tank wall metalhand paint m
Ot Coefficient of linear expansion of the strapping tape °oC-1
Oy Coefficient of linear expansion of the tank shell material °c1
P Observed density of contained liquid at calibration kg/m3
Pref Reference density (density of ambient air) kg/m3

D.3| Calculations

Methods for the following calculations are.given in this part of ISO 7507:
— Pptrapping and corrections for obstructions;

— pxternal circumference;

— thermal corrections_6f-strapping tape.

D.4| Source uncertainties

All cpmponents of uncertainties are assumed to be statistically independent.

D.4.4 _Strapping tape length

The expanded uncertainty UL, given by the calibration certificate for the whole tape, or an estimated
uncertainty of the part of the tape that is being used for strapping, with a coverage factor & (usually & = 2,
corresponding to a 95 % confidence level), yields the standard uncertainty:

MLSt = ULSt/k [m]
D.4.2 Strapping tape reading

If L, is the resolution of the tape (usually, 7Ly, = 1 mm), the corresponding standard uncertainty is:

uLy, = rLy /(2 x 312) [m]
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NOTE 1 The factor 31/2 corresponds to rectangular distribution.

NOTE 2  If multiple readings are performed, the value of ul,. should be multiplied by the number of readings.

D.4.3 Strapping tape tension and position

Strapping tape tension and position uncertainty includes the following components:
— uncertainty of the tension on the device measuring the length (tape);

— uncertainty of the distribution of this tension along the tape, due to the friction against the tank;

— uncertajnty due to the tape not being in one plane;

— uncertajnty due to the tape plane not being perpendicular to the tank axis.
uLy, = thyo/(2 x 31/2) [m]

NOTE The factor 31/2 corresponds to rectangular distribution.

tLy, is the folerance as measured (with rejection of obvious outliers) or read\from Table D.1 (see |7.4),
whichever ig greater.

Table D.1 — Tank circumference tolerances

Tank circumference Tolerance
iy,

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)

D.4.4 Uncertainties of tape alignment

If several tapes are used“to-measure the tank circumference, the errors in their alignment result in additional
uncertainty.

If eL,, is thelmaximum error of the alignment of each pair of tapes (typically, eL;;, =1 mm), the corresponding
standard ungertainty of (n — 1) alignments between » tapes is:

uLig = (n - 1)1/2 x eLigl(2 x 31/2) [m]
NOTE The factor 31/2 corresponds to rectangular distribution.

D.4.5 Uncertainties of obstructions

Corrections of strapping tape length that runs over obstructions are subject to uncertainties (e.g. uncertainties
of the dimensions of the obstructions) (see also 7.5).

Standard uncertainty of the tape length due to obstructions is not calculated but is included in “additional
uncertainties” (uV,q).
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D.5 Uncertainties of internal circumference at calibration conditions

All components of uncertainties are assumed to be statistically independent.

D.5.1 Measured external circumference

Since all measurement errors are additive, the uncertainty of the external circumference is obtained as the
root-mean square (RMS) of all source uncertainties.

Standard uncertainty of measured external circumference:

Com = [(uLgty? + uLgpp? + ... + ulgy, 2 + uly? + ulyy? + uly,2 )im] V2 [m] if all the tapes are diffefent
Cem = [(n2 x uLg? + uLy? + uly,? + uLi,?)/m] V2 [m] if one tape is used n times
wherfe
. is the number of tape lengths used to measure the circumference;

m  is the number of measured circumferences per tank course.
D.5.2 Uncertainties of volume at calibration conditions (extended raw volume)

D.5.2.1 Source uncertainties

All cpmponents of uncertainties are assumed to be statistically independent.

D.5.2.2 Uncertainty of course averaging

Uncertainties are due to the fact that an average circumference is ascribed to each tank course. |f the course
is nat cylindrical, parts of it will differ from the-average. Estimates of the averaging uncertainty can be obtained
by eyaluating deviations of the measured-circumferences to their average.

Standard uncertainties of the tank Circumferences due to course averaging are not calculated but|are included
in “aflditional uncertainties” (1} 4q):

D.5.2.3 Uncertainty of tank shape
Uncgrtainties are due-to’the fact that the tank may not be an ideal cylinder.
Typigal standard uncertainty uV, = 0,05 % of volume, based on experimental data.

NOTE An additional factor of uV,, (see D.5.2.4) applies to all calibration methods; strapping needs another addition
as it floes'not yield an estimate of the tank deformation, whereas calibration methods based on a system of doordinates do.

D.5.2.4 Uncertainty of tank tilt

Standard uncertainty of tank tilt depends on the accuracy of measurements of distances. It is not calculated
but is included in “additional uncertainties” (17 y).

D.5.2.5 Tank bottom
Standard uncertainty of tank bottom may be computed. A typical value may be estimated as:

uVy, =0.25 % to 1.5 % [% of volume ¥}, of the bottom], depending on the size of the bottom, calibration
method and the distortion of the shape of the bottom
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NOTE 1

NOTE 2

:2003(E)

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

Deformation of the tank bottom due to hydrostatic forces is not included in the above value.

D.5.2.6 Uncertainty due to floating roof/screen and deadwood

The standard uncertainty uVy;s, based on experience is estimated as 1,5 % of displaced volume V.

D.5.2.7 Additional uncertainties

The influen

s ofthe Fnllr\\uing corrections-are-included-in-the-additional-uncertainties-

correcti
correcti
numerig
other ur

The addition
0,02 % of vg

bns for tank tilt;

bns related to tank deformations other than hydrostatic deformations;
al approximations;

quantifiable influences.

al standard uncertainty 1,4, based on experience, is estimated, for vertical cylindrical tank
lume.

D.5.2.8 Uncertainties of metal and paint thickness

With maxim
paint thickne

utmp =1

where, typic

wtmp =
wtmp =
D.5.2.9

Standard un

uCi=lu

Lim uncertainty (width of rectangular distribution = wtmp), the standard uncertainty of meta
SS fmp IS:
Impl (2 % 312) [m]

Blly:

0,000 5 m (= 0,5 mm), if taken from.original manufacturer’s drawings, or

0,001 m (= 1 mm), if taken from measurements

Internal circumference

Certainty of internal’circumference (corrected for thickness of metal and paint) is:

(o2 + (27 x utmp)2]1/2 [m]

D.5.2.10 In

[

rnalradius

Standard uncertainty of internal radius is:

uR; = uCy/2n[m]

D.5.2.11 Internal cross-sectional area

Standard uncertainty of internal cross-sectional area is:

ud; = 2 x uC; x 4;/C; [m?]

40
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D.5.2.12 Raw volume

The additional uncertainty in volume due to uncertainties in level measurements

a) at calibration,

b) in service,

are caused only where the cross-sectional area changes, e.g. at the boundaries between individual courses.

Calculated raw volume:

V.= (Aqg % hq) + (g % ho) + (Age X hg) + oo + [A,o x (L — hq —hy—...— h,)] [m3]
where
14, A1 o, Aoes ---0 1y, A, are dimensions of individual courses, measured on the'inside of the tank;
/. is the level above dip plate to which the volumes calculated;
14 is the (internal) height of the first course above the dip plate.

NOTE 1 The overlap between individual courses defines the heights ofjndividual courses.
Raw|volume standard uncertainty:

Ve ={(ud4q x h1)2 + (udpg x h2)2 +.... +[ud, o x (L <hf*~hy —... —h, )124172[m3)
NOTE 2  There is no additional uncertainty due to tank tilt.

NOTE 3  The tank table gives volumes as a function of level. The uncertainties of the table volumes are| only those of
the cfoss-sectional area. Uncertainties of heights; uh, and levels, uL, are included in gauging.

D.5.2.13 Tank tables

Open tank tables are developed, ftom the tank shell circumferences measured at selected heights
TanK tables are developed frofn open tank tables by making the following corrections:

— Rdding capacity of the tank bottom;

— pdding/remaving the volumes of deadwood;

— |ncorporating floating roof parameters (if any).

Uncgrtainties of deadwood and floating roof are assumed to have been included in the additional iincertainties
addedtotheTaw votume:

D.5.2.14 Expanded uncertainty of volume at calibration conditions

The expanded uncertainty of volume at calibration conditions, including the uncertainties on the volume of the
tank bottom, the uncertainties caused by its shape and by various additional factors is equal to

UV, = k{u Vr2 + (uVgp x Vr)2 + (uVy x Vb)2 + (UV g X Vr)2 + (Vg Vdis)2}1/2 [m3]

where k is the expansion coefficient, usually £ = 2.
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D.5.3 Uncertainties of volume at reference conditions

D.5.3.1 Source uncertainties

All components of uncertainties are assumed to be statistically independent.

D.5.3.2 Measurements and calculations

The following corrections are specified in this part of ISO 7507 to correct the open tank table dimensions at
calibration for:

a) hydrostJatic deformation due to liquid height, temperature and density (hydrostatic head); this correction
gives a alibration table for an empty tank;

b) tank shgll thermal expansion from calibration temperature to reference temperature.

D.5.3.3 De¢formation due to hydrostatic head at reference conditions

The uncertdinty is a combination of contributions of uncertainties of the following, parameters involved in
hydrostatic qorrection:

R; = intgrnal radius; the uncertainty, uR;, is calculated in D.5.2.10;

p =observed density of contained liquid at calibration; typical value of uncertainty of dgnsity
mepsurements, up, may be estimated as 5/31/2 kg/m3;

E =Young’'s modulus of elasticity of the tank wall material; typical value of uncertainty, uE, may be
estimated as 5 x 109/312 N/m?;

Imp = th|ckness of tank wall metal and paint; the uncertainty, uz, is calculated in D.5.2.8.

The uncertajnties of the following variables are assumed to be zero and their effects are neglected:
uL = ungertainty of (fictive) level of liquid in the tank;
ug = ungertainty of local acceleration-due to gravity;
uprer = reference density (density of ambient air).

Standard ungertainty uV}, ofithé expansion volume caused by hydrostatic head is:

ulVn= Vi x{(3 x uilR)? + [upl(p — pref)]? + WEIE)? + (utp /1 )} 12 [m3]

D.5.3.4 Caoarrection for thermal expansion of tank and strapping tape at reference conditions

The standarduncertainty of the external circumference corrected for differentiat thermatexpansion of the
strapping tape and the tank shell includes:

a) standard uncertainty of the coefficients of expansion of the tape and the tank, and

b) standard uncertainty of the strapping temperatures (assumed to be the same for the tape and the tank
shell).

Using
ag = coefficient of linear expansion of the strapping tape [rCM

oy = coefficient of linear expansion of the tank shell material [°C]
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T\t = reference temperature of the tank and strapping tape (zero uncertainty) [°C]
T = temperature at strapping (same for tape and tank) [°C]
Assuming rectangular distribution, the standard uncertainty of the strapping temperature is:
ulg = eTgl (2 x 312) [°C]
where eT; is the maximum error of estimate of the strapping temperature (for typical locations, eTg; = 5 °C).

Assuming rectangular distribution, the standard uncertainties of the coefficient of linear expansion of the
stappmgtape and the tank sheftmateriatare:

gy = eagl(2 x 312) [°C1]
oy = eoyd(2 % 312) [eCc™]

whefe eag, and eqy are the maximum errors of the estimate of the linear expansion coefficients| respectively
(typigally, eogy = ey, = 2 x 106 °C™).

Standard uncertainty of corrected external circumference is:

Cot = {[uCm x (gt — ) ¥ (Tt — Tyof)]2 + [Ty % Coppy % (gt — a2 +
uog? + uay?) x [Com x (Tt — Trep)1?} 12 [M]

Standard uncertainty of correction for thermal expansion of-yolume is:
Vi =2 x uCgq/Coy x 100 [% V]
D.5.3.5 Additional hydrostatic uncertainties

The |nfluence of the following quantities aré included in the additional hydrostatic uncertainties:

— hydrostatic deformation of tank bottoem at reference conditions;
— lncertainty of the model of hydrostatic head correction.

Stangdard uncertainty 7, caused by the deformation of the tank bottom due to hydrostatic head|depends on
conditions like size or the’state of the bottom.

It is mot calculated; but a typical value may be estimated as:

Vy=0,25/L'1% V]

wheie I4s the (fictive) filling height, in metres, with 1 < L.

The standard uncertainty uV,, connected with the volume correction due to the hydrostatic head is not
calculated, but while reducing the error using a simplified mathematical model given in Annex G, the additional
uncertainty of the calibrated volume may be estimated as 1,25 x 107 of volume.

D.5.3.6 Expanded uncertainty of volume in the tank capacity table

Expanded uncertainty of the values given in the tank capacity table (with coverage factor k£ = 2), including the
uncertainties of the corrections of the extended raw volume like deformation due to hydrostatic head and
thermal expansion and the additional hydrostatic uncertainties, is therefore:

Ury=2x [uVr2 + th2 + ”Vcalz + thZ x V2 + ”Voz x 12] 112 [m3]
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where V is the volume contained in the tank corresponding to the height h for which the uncertainty is
calculated.

NOTE Due to variation of uV,, UV will vary with varying volume of the liquid.
D.5.3.7 Examples

Tables D.2 and D.3 give, respectively, a example of the calculation of tank volume and of associated
uncertainties.
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(informative)

Tank shell temperature determination

E.1 General

Critgria are given in E.2 and Table B.4 indicating a requirement to recalculate a tank calibration table if the
average operating temperature of the tank shell alters from the original reference temperature pfinted on the
tank|capacity table.

Determination of the average operating temperature of the tank shell may be based(©n‘either

a) ptemperature assumed to be the average operating temperature of the tank shell, or

b) peveral actual measurements of the parameters detailed in E.2 which determine that temperature and
calculating an average of the temperatures.

E.2| Determination of the tank shell temperature
Detgrmination of the tank shell temperature may be calculated using the following equation:

o T|+(K><Ta)
s K +1

whele

7

s is shell temperature, in degrees Celsius;

7, s liquid temperature, in degrees Celsius, for T} < 66;
7"

a

K = [(T] x 7,2) +4324 x V x 105) + (3121 x 10:32) — (222 + D x 3,05)] x 10~

is ambient temperature, in degrees Celsius;

whele

l,  is.viscosity, in pascal seconds, for 1073 < u < 1;

D-_is tank diameter, in metres, for 15 < D < 85;

V' is wind velocity, in kilometres per hour, for 0 < V< 19.

E.3 Simplified equation for tank shell temperature

In practice, the determination of viscosity, wind velocity and tank shell temperature may prove difficult.
However, the equation in E.2 involving these parameters may be simplified using the following equation:

(7TxT))+ T,

T. =
s 8
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Gauge tape temperature correction

Introduction

The product
with associa

temperature has an impact on the tank shell through expansion and contraction of the shel
ted changes to the tank volume. The gauge tape and the tank reference height alsoyund

wall
ergo

thermal exp@nsion resulting in changes to the volume. The gauge tape temperature effect is covered in detail

in the Institu
This Annex
Petroleum (

same for th
determining

F.2 Calcl

F.2.1 Gen

Tanks in cus

e of Petroleum (IP) Petroleum Measurement Paper No. 11 Bl

describes simplified procedures for gauge tape correction, which are based. on the Institu
P) Petroleum Measurement Paper No. 11, and assume that the coeffigient' of expansion i

the effect of gauge tape temperature correction on tank volumes.

Ilation procedures

bral

tody and inventory service can be categorized breadly as follows:

te of
5 the
b shell as for the gauge tape. These simplified procedures are considered to be adequate for

a) tanks wlth no insulation;

b) tanks wjth external insulation; and

c) tanks that have non-contact and non-invasive automatic tank gauging (ATG) systems, namely fadar
gauges

This Annex [gives procedures for determining the necessary gauge tape corrections for each of these |tank

categories.

F.2.2 Tanks with no insulation

For tanks with no insulation, the basic assumption is that the section of the tank shell that is in contact with the

liquid (innage level,L) s in thermal equilibrium with the liquid and that only this section of the tank shell will

expand vertically. Also, the tank reference height (RH from the capacity table) will also increase but only the

portion that

S in contact with the liquid level (L), not the total height.

Based on the above assumptions, the following computations can be made.

48

innage level: L
reference height from the capacity table: RH
coefficient of linear expansion: a
liquid temperature: T
capacity table reference temperature: Tc
actual ullage level: Ly
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Expansion of reference height RHp=L;x ax AT

where AT =T-Tg

Total expanded reference height RHy= RHs + RHE
RH7=RH¢ + (L) x ax AT)
L, =RHp-Ly

:RHc+(L|XaXAT)—LU

or, Ljx[1—(axAT)] =RHg-Ly
but, 1 — (a x AT) =1/[1 + (a x AT)] (approximately)
therefore, L =(RHc—-Ly)x [1+ (axAT)]

This|simply means that the innage is computed from the actual measured ullage ‘uUsing the refefence height
and multiplying by an expansion factor, which is equal to [1 + (a x AT)].

F.2.3 Tanks with insulation
For fanks with insulation, it is assumed that the vapour space and\the liquid space are in thermal equilibrium
and hence the tank reference height (RH from the capacity table) will expand fully and not partially as in the
casq of tanks with no insulation covered in F.2.2.

Also| the ullage, L, will expand with temperature. Assuihing that this expanded ullage is Lg, and using the
same notations used in F.2.2, the following computations can be made.

RHy = RHg x [T (a x AT))]
Ley = Lyl + (@ x AT
computed innage L =RH1 - Lg
= (RHg — Ly) x [1 + (ax AT)]

This|simply means that the-infnage is computed from the actual measured ullage using the refefence height
and multiplying by an expansion factor, which is equal to [1 + (a x AT)].

F.2.4 Tanks with-non-contact and non-invasive automatic tank gauging (ATG) systems

For fanks with @ hon-contact and non-invasive automatic tank gauging (ATG) device, such as a fadar gauge,
the fladar dauge is not affected by the temperature of the vapour space. Tanks with insulation and those
withgut insulation have to be treated differently, as follows.

a) ame as that

given in F.2.2,i.e. equal to [1 + (@ x AT)].

b) For tanks with insulation, the reference height will expand in full whereas the ullage, as measured by the
radar gauge will not be impacted.

RHT = RHC X [1 + (aX AT’)]
Computed innage L, = {RHz x [1 + (ax AT)[} - Ly

This simply means first correcting the reference height with the expansion factor and then subtracting the
actual measured ullage.
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Expansion due to liquid head

ral

G.1.1 The
which involv

NOTE T
systems whid
calculation.

G.1.2 The

the rem
time of
does no

a)

b) the adjJ

subseqglient service.

G.2 Remc

G.21 The
be recorded
standard for

G.2.2 The
condition by
for each cou

effect of any liquid head should be introduced into tank capacity tables by means of a-mg
bs the calculation of expansion effects at progressively increasing liquid levels.

h calculate expansion due to liquid head based on measured liquid level and density at the tin

method of correction consists of two parts:

oval of the effect, on each section, of the expansion due to the head of liquid in the tank 3
strapping (in cases where the tank is empty during calibration,‘the necessity for this adjust
t arise);

stment for the effect on each course of the expansion duerto the head of liquid to be contain

pval of the effect of expansion at time-of strapping

field measurements should be made with“a depth of liquid in the tank, the level of which s}
in the calibrator's notes (see 6.1). The measurements should be tabulated, preferably usin
m of calculation and data sheet illustrated in Annex C.

circumference measurements: should then be adjusted to the “empty tank”, or unstre
means of the following equation, substituting in the equation the mean corrected circumfer
rse (see 16.2) in turn.

p—1,2)H[
wl‘l' ><1O3

thod

his correction may not be required if the tank calibration is to be used in computerized qil stock accodnting

he of

t the
ment

ed in

ould
y the

ssed,
ence

r the

he circumference correction, in millimetres, to give the empty or unstressed condition fo

is the acceleration due to gravity, in metres per second squared;

is the particular mean circumference, in millimetres, corrected for plate and paint thickness;

strapping;

during strapping;

AC, = gC?
27l
where
AC; is
pa
g
G
Yol
NOTE
H;
50

is the density at the observed temperature, in kilograms per cubic metre, of the liquid at the time of

A correction for air density of 1,2 kg/m3 is included in the equation to correct for displacement of air by liquid.

is the head of liquid, in millimetres, above the elevation of the particular strapped circumference, i,
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