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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he SO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO’s adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by Technical Committee ISO/TC 28, Petroleum products and|
committee SC 2, Measurement of petroleum:dnd related products.

5 second edition cancels and replacesithe first edition (ISO 12917-1:2002), which has been
sed with the following changes.

The total length of the tanks hasbeen limited and also only the calibration viaISO 7507-1 i
in order to improve precision.

Most of the figures have’been improved in order to further clarify the measurement g
These, in turn, haye'been described more logically and in a more useful order. For ins
shell measurements are no longer described separately and the former Annex on “tilt
incorporateddnjthe text.

A new anneX on calibration uncertainties has been added.

Correction for tank tilt is now calculated rather than read from a figure.

bnance are
ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the
e following

lubricants,

technically

5 described

rocedures.
fance, tank
" has been

sodncorporates the Technical Corrigendum ISO 12917-1:2002/Cor 1:2009.

Alist of parts in the ISO 12917 series can be found on the ISO website.
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Introduction

This document forms part of a series on tank calibration methods. In some countries, some or all of the
items covered by this document are subject to local regulations. The attention of the user is drawn to
the fact that it is possible that differences exist between this document and those regulations.
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Petroleum and liquid petroleum products — Calibration of
horizontal cylindrical tanks —

Part 1:
Manual methods

1

Thi
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Thd
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Thi
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Although this document does not impose any limits on thesmaximum tank diameter and max

tilt

Thd
con
und

ISO
Par

No
ISO

abol[/e—ground or underground. The methods are applicable to pressurized tanks and to bof

Scope

5 document specifies manual methods for the calibration of nominally horizontal cylind
alled at fixed locations.

methods in this document are applicable to insulated and non-insulatedtanks, either wh|

-end and flat-end cylindrical tanks as well as elliptical and sphericdl head tanks.

5 document is applicable to tanks inclined from the horizontal,-provided a correction is
[measured tilt.

o which this document is applicable, the practical limits‘would be about 4 m in diameter an

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document” For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

7507-1:2001, Petroleum and liquid petroleum products — Calibration of vertical cylindrig
E 1: Strapping method

Terms and definitions
erms and definitions are listed in this document.

and IEC mainfain terminological databases for use in standardization at the following ad

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

[SO'Online browsing platform: available at http://www.iso.org/obp

ical tanks,

en they are
h knuckle-

applied for
imum tank

1 10° in tilt.

Pir content
pplies. For
[s) applies.

al tanks —

dresses:

4

4.1

Precautions

General

The general and safety precautions specified in ISO 7507-1 shall be applied.

© IS0 2017 - All rights reserved
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4.2 Inte

rnal method

Before a tank which is to be calibrated is entered, a safe-entry certificate shall be obtained. All lines
entering the tank shall be disconnected and blanked.

NOTE

entry certificate and entry into tanks, which have contained leaded fuels.

4.3 External method

NOTE
tank area.

§

5 Equiy

5.1 Equ

Equipment
ISO 7507-1

NOTE ]
document ul

5.2 Tele

For the int
This telesd
uncertaint

5.3 Dist

For the int{
The distan
capable of

5.4 Levg

Level-meas
based on e

Example
mechanical

6 Gene

The attention of the user is drawn to the possible existence of local regulations regarding the safe-

[he attention of the user is drawn to the possible existence of local regulations regarding entry to the

jment

pment as used in ISO 7507-1

used in the calibration of horizontal tanks shall conform to the specifications laid dow
All equipment shall be traceable to a reference standard.

'he equipment required to carry out the calibration is dependent on the method to be employed.
ses techniques and equipment described in ISO 7507-1.

scopic rod

ernal method, in addition to the equipment mentiened in 5.1, a telescopic rod may be u

i of less than 1 mm.

ance meter

brnal method, as an alternative tp-atelescopic rod, a laser-based distance meter may be u
Ce meter may also be used in measurement of tank tilt. This distance meter shall have a s
being read to 1 mm, and shallibe calibrated with an uncertainty of less than 1 mm.

ller

ther mechanieal or optical measurements.

Rotating»eptical/laser instrument that establishes horizontal reference line/plane, wif
height-measuring device.

h in

[his

Sed.

opic rod shall have a scale capable of being read to 1 mm, and shall be calibrated with an

ced.
rale

uring instrument\used to determine vertical distances between pairs of points. It can be

h a

rabrequirements

6.1 The tank shall be filled to its normal working capacity and working pressure at least once and

allowed to

NOTE

stand while full for at least 24 h prior to emptying and preparing it for calibration.

pressure tests have been carried out.

6.2 The following parameters shall be determined:

tilt;

deadw

ood;

© ISO 2017 - All rights rese
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temperature;
pressure;

position of gauge point, reference height and height of the dip plate, if there is one.

Calibration procedures

General

spefified in 7.2 (external measurements) and 7.3 (internal measurements). The remainder

ap

For
acc

7.2

7.2

Ext
tem

7.2

For
tan

As indicated in Figure 1, strappihg should be undertaken around 1/4 and 3/4 of the segment

b)

Th} calibration procedures for calibration of horizontal cylindrical tanks shall be pe

ies to both external and internal measurements.

both methods, measurements shall be taken at around 1/4 and 3/4 of the length of each
prdance with Figure 1.

Measurement of circumferences — External

1 Introduction

brnal measurements may be executed with any depth of liquid and liquid pressure in th
perature and pressure of the liquid at the time of calibration shall be recorded.

2 General

the measurement procedures, a circumferential tape of sufficient length to completely d
k should be used and measurements of the:tatal circumference shall be taken.

In all cases, the tape to be used shouldibe applied to the tank surface at the prescribed |
the wraparound procedure; i.e. the'required length of tape should be applied in a slack
positioned, and tightened by the-application of the proper tension.

points along its path;\circumferential measurements should be made and checked in
with the relevant procedure given in ISO 7507-1.

If the circumférential measuring tape is not in contact with the tank surface, correction
made for individual obstructions as specified in ISO 7507-1.

formed as
pf Clause 7

segment in

b tank. The

ncircle the

cations by
condition,

length.

In the case in which the circumferential measuring tape is in contact with the tank surface at all

hccordance

5 should be
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D  tank dipmeter

6Hg dip plafe height

Hg refererfce (gauge) height

W cylindgr length

Wi segmentlength

W straighf flange length (top of tank)
Wh, straight flange length (bottom of tank)
Wet head lgngth (top of tank)

Wep head lgngth (bottom of tank)

W  total tank length

Figure I+~ Measurements of the diameters/circumferences

7.2.3 Repetitionof measurements

After the clrcumference has been measured, the tension shall be released and the tape brought again to
the requirgdidevel and tension. The readings shall then be repeated and recorded.

Take multiple measurements of the circumference. Investigate and, if necessary, remove the perceived
outliers. If the first three consecutive measurements agree within +3 mm, take their average as the
circumference and their standard deviation as the standard uncertainty. If they do not agree within
this tolerance, repeat the measurements until two standard deviations of the mean of all measurements
is less than the half of this tolerance. Use the average as the measured circumference and the standard
deviation as the standard uncertainty.

4 © IS0 2017 - All rights reserved
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7.3 Measurement of circumferences — Internal

7.3.1 Overview

Internal measurements shall be performed with the tank empty, at ambient temperature and with no
pressure in the tank. In-tank temperature at the time of calibration shall be recorded. There is no need
to do pressure recording or corrections unless the reference conditions for the tank require it.

7.3.2 General

Measure the

For[themeasurement proceaurc ctescopic rod

3 : 01 SU el
intdgrnal diameter of the tank or the distance meter

(Q) shall be used.

NOTE Distance meter is normally preferable for tanks with diameters exceeding 3 m.

The telescopic rod or the distance meter shall be applied to the tank at the prescribed locatipns, at four
posjtions, equally divided around the circumference in accordance with Figure 2. The tel¢scopic rod
shopld be at a 90° angle at each touch point. The average of these four measurements shall e recorded
as diameter at this particular location within this particular segment. Care should be taken to ensure
that the measured diameter is indeed the minimum value in longitudinal direction and maximum value
in cjrcumferential direction.

Figure 2 — Internal measurements of diameters

7.4 Measurements of lengths

7.4{1 _,Method

pse of both

Distance hetween a single reference noint and the ex

heads shall be measured in accordance with Figure 3.
NOTE These measurements can be performed using a tape or distance meter, with help of a line or ruler.

The reference point may be anywhere on the body of the tank. Its preferred location is on one of the
welds joining the ends to the body of the tank, providing that there are no obstacles.

Repeat all measurements until two consecutive readings agree within a tolerance of +3 mm.

Considering the uncertain width and location of the welds, the measurements of length should
preferably be done to points made on the shell, on or close to the welds.

© IS0 2017 - All rights reserved 5
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1 refer¢nce
D tank ¢liameter

W.  cylindler length

Wep  bottom end length

Weqp bottom cylinder distance
Weqr top cylinder distance
Weqn bottom end distance
Wedt top end distance

Wet  top end length

Wiot total fank length

Wg  gaugd¢ length

Figure 3 — Measurements of the lengths

7.4.2 Lepgth of herizontal cylinder

The lengtH of thethorizontal tank (cylindrical part) is measured between the extreme welds of|the
extreme s¢gments (knuckle welds) at two locations at opposite sides of the tank, preferably where
there are nloehstructions (see Figure 3) Take multiple measurements at each location using measutring
tape or distance meter. If the first three consecutive measurements agree within #3 mm, take their
average as the tank length and their standard deviation as the standard uncertainty. If they do not
agree within this tolerance, repeat the measurements until two standard deviations of the mean of all
measurements is less than the half of this tolerance. Use the average as the measured tank length and
the standard deviation as its standard uncertainty.

7.4.3 Lengths of segments
The measurements may be done internally or externally.

Lengths of the individual segments shall be measured between their respective welds at 2 points
and taking the average of the two measurements (see Figure 1). If the measurements agree within

6 © IS0 2017 - All rights reserved
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+2 mm, take their average as the length of the segment and their standard deviation as the standard
uncertainty. If they do not agree within this tolerance, repeat the measurements until they do.

Lengths of the straight flanges connecting the extreme segments to the heads should be measured the
same way.

Compare the sum of lengths of all segments including the straight flanges to the total length of the tank
and modify length of all segments by their ratio so that the sum of the lengths of the segments is the

same as the length of the tank.

7.4.4 _Lengths of heads

Le

cylinder) and the end point of the head (see Figure 3).

7.4)5 Gauge lengths

Gauge length is not measured but defined by the calibrator within the limits of the upper

en

7.4)6 Measurement/calculations of radii of the heads

To
are

Hegq
oth

Rad

th of each head shall be measured as distance between the end plane (mark at the.end

of the gauge hatch (see Figure 3).

easure the radii using traditional means is difficult and €rjors (in cm) may result. The
usually made using pre-manufactured forms, resulting infwell-defined and repetitive sh

d radii should be preferably obtained from manufacturer’s drawings. If these are no
er methods should be used.

Using a theodolite to produce a three-dimensional shape of the head could be the best oj

The radii of the heads can be determined,from the measured lengths in combination with
of the extreme segments of the tank body, using the existing manufacturers’ standards.

There are national standards that'define the radii of knuckle and dish for the given ra
tank body. The standard, whichthe tank end complies with, can be determined by cor
shape to pre-fabricated templates that conform to the standard. Once this is done, the 1
read from tables within-the standard for the given length of the head and tank diamete
standards are NF E 81-100 to 104 (French), SMS 483 and 486 (Swedish) and NEN 3350 (

ii of the knuckle-are regarded as impossible to measure. They should be obtg

weld of the

and lower

fank heads
hpes.

[ available,

ption.

diameters

dius of the
hparing its
adii can be
r. Relevant
Dutch).

ined from

manufacturer’s drawings.

NOTE Varidtions in head radii have very little impact on the measured volumes.
7.5 Tanpk tilt
If t should be

measured and calculated from multiple measurements of vertical distances from horizontal reference
line(s) to the points at the top and/or bottom of the tank. There should be one point in each segment
of the tank. If points at both the top and the bottom of the tank are measured, the tilt angle should be
calculated as an average of the slopes of fitted straight lines. If points at only one side of the tank (either
top or bottom) are measured, the tilt angle should be calculated from the slope of the fitted straight line.

The same method should be used even if the diameters of the segments are regarded as (nearly)
identical in order to avoid any unnecessary errors.

A leveller may be used to determine the tilt of the tank by measuring the differences in vertical heights
to one or two chosen horizontal reference lines at a number of selected points.

© IS0 2017 - All rights reserved
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Refer to 10.2.2.3 for a detailed description of the method.

NOTE

tank. On tanks with no tilt, either end could be “top” or “bottom”.

7.6 Plate thickness

“top” and “bottom” refer to the ends of the tank that are the highest and lowest positions on the tilted

The plate thickness shall either be measured for each segment, whenever possible, or taken from
the manufacturer’s drawings. The plate thickness for each segment shall be recorded to the nearest
0,5 mm. Physical measurements are preferred to readings from drawings.

Normal prgcedure is to measure two points per segment in any location. Modern ultrasonic instrum¢nts

can disting
to the mea

NOTE y
used to calc

7.7 Refé

Measure t
above the

7.8 Dea

The dimen|
the drawin
the datum

7.9 Me

TemperatIe of the tank shell and pressure within the tank shall be used to correct the calculd

volume bef

dq

NOTE
the subjectq

Temperatulre readings should betaken at a minimum of 10 well-distributed points around the tank s

The tempe

If the tank
existing pr

Correction
is minimal

uish between metal and paint. If these are not available, the paint shall be scraped-off p
surement.

'he thickness of metal is required for pressure correction; combined thickness (métal and pain
ulate internal diameters from external measurements.

rence height

e overall height at the reference gauge hatch. If there is a dip plate (datum plate), its he
ottom of the tank should also be measured in accordance with{ISO 7507-1.

iwood

sions and locations of the deadwood shall be measured, whenever possible, or taken f
gs and the heights of the lowest and highest point6f such deadwood measured in relatio
point of the tank. The measurements shall be recorded to the nearest 10 mm.

urements of temperature and pressure

ween the calibration and reference'conditions.

imilar corrections are also done between the reference and operating conditions, but these are
of this document.

Fature of the tank shell should be calculated as the average of these multiple measureme

is under presSure when it is being calibrated, the pressure should be measured using
essure gaugex

5 to the volume of horizontal cylindrical tanks due to liquid head may be ignored as the ef
due torthe limited dimensions, and hence hydrostatic pressures, of tanks of this type.

ior

t) is

ght

fom
h to

ted
not

nell.

nts.

the

fect

8 Re-calibration

Tanks shall be re-calibrated whenever the calibration becomes suspect or the tank becomes physically

deformed.

Example

For example, due to movement of the tank foundations, or as required by national regulations.

If new equipment affecting deadwood volume is fitted or deadwood is removed, the tank calibration
table shall be recalculated. If a bigger opening is required in the process, the tank shall be recalibrated.

© ISO 2017 - All rights reserved
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Descriptive data

Descriptive data should be entered on the tank calibration record. It should contain tank description
(independent of tank calibration). These would normally include sketches, each completely identified,
dated and signed, that show the following:

a)
b)

c)

tank number and product ID;
location, lengths and thicknesses of segments from which the tank is assembled;

number and size of plates per segment;

d)
e)
£
NOT

Dat

typical vertical and circumferential welding seams;

arrangements and sizes of nozzles and manways;

locations and sizes of dents and bulges in shell plates, if there are any.
E Further details of the above can be found in ISO 7507-1:2001, Annex D.
h related to tank calibration that shows the following:

date of calibration;

identification of standard used for calibration (e.g. ISO 12917-1);

method used in bypassing (or correcting for) an abstruction in the path of a circy
measurement;

location of the tape path if it is different from that required by this document;
average tank diameter and correspondingvolume of full tank;

lengths of the tank body and the tank'ends;

tilt angle in degrees or radians;

location (length from the lowest edge of the tank body) of reference (gauge) point;
measured value of elevatjon of dip plate, if there is any;

measured value ofheight of the reference point above the dip point (reference height);

product level and/density, pressure and shell temperature when the tank is calibrated;

mferential

pressure and ambient temperature at reference conditions (at which the calibratipn table is

presented);

type'of gauge (innage or ullage) and its direction of measurement (vertical or aligng

tank ends);

total measurable level;
detailed tank calibration table (volume as function of gauged level);

signature/seal of the certifying authority.

© IS0 2017 - All rights reserved
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10 Computation of tank capacity table

10.1 General rules

10.1.1 The calculation methods given below lay down minimum requirements for precision, but it is
permissible to use alternative procedures, which produce a final tank capacity table of similar or greater
precision. Annex A gives a more complex (and more accurate) method of calculating volume. Refer to

10.2 and A.

1.2 for an aid in making a decision about which calculation method should be used.

Unless otherwise specified, volume shall be expressed with an accuracy of five significant digits.

10.1.2 Tank capacity tables prepared in accordance with the recommendations set out below §

bear the wj
Numerical

10.1.3 Th
calculated,

10.1.4 All
adequate 3
estimates (

10.1.5 All
their respe

10.1.6 Tank calibration table shall also be corrected for €xpansion of the tank shell at selected referg
temperatur:

10.2 Accy

10.2.1 Ge|

Calculatior
However, it
and/or seg

NOTE j
10.2.2 Ca

10.2.2.1 (

ords “Calibrated by the External/Internal Manual Method in accordance with ISO 12917
resolution should relate to estimated uncertainties. Reference to GUM should be, added.

b standard temperature and standard pressure, for which the tank capacity table has b
shall be recorded at the head of the table.

deadwood shall be accurately described giving its volume and location, in order to pro
llowance for the volume of liquid displaced by the various items and to provide for |
f the effects at various elevations within the tank.

measurements shall be corrected for thermal expansion-of the measuring devices as state
ctive calibration sheets.

e and pressure.
Iracy of volume

neral

of liquid volume may be based on average diameter and total length of the tank b
should be borne in mindthat errors in measured volume would result if segment diame
ment lengths vary.

Refer to A.1.2 for estimate of errors resulting from using average diameter and total length of tank b
culation.parameters

feneral

hall
-1

een

Fide
hest

d in

nce

hdy.
fers

ody:.

The volum

b oftha tanlr oo Fan ot A f i nagnlauanl (ralatiun to tha bt frbn by gt dia

ate

(if there is

-t Re-tahrcasSTHHhRetoR-o+ THTITO S CTCV T (T CTatv CtOtIIC OO TTOTIT OT T TS, T TroT T g Ot

any) shall be calculated from the following:

— average tank diameter (from measured circumferences of each individual segment);

— tankti

10

It, measured from elevations of each individual segment.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=998a5e76469fc1d14051cab97b96f877

IS0 12917-1:2017(E)

10.2.2.2 Segment diameters

For the external method, the diameters D; of individual segments shall be calculated from measured
circumferences C; as:

Di=Ci/7T

For the internal method, the diameters D; shall be measured directly.

Measurements shall be performed as specified above; multiple measurements in each segment shall be

raged as annropriate

Avejrage diameter of the tank shall be calculated as in accordance with Formula (1):

n
2.0
n

)

whére

n is the number of segments.

10.2.2.3 Tank tilt

The tilt shall be measured using either one or two horizontal reference lines, as shown in Figufes 4 and 5.

Y
i
Key
1 reference line
w distances from the lowest point of the tank

Xand Y parameters and variables (see text)
y angle of tilt with reference line

Figure 4 — Angle of tilt (one reference line)

© IS0 2017 - All rights reserved 11
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Key

1 top
2 bot
Xand Y par
w dist
14 ang
Resulting g
From mea;

XN Xui Xuz Xut 1
Ny
Wy
—
y z
>
2
XN X X2 X
reference line

fom reference line

hmeters and variables (see text)

ances from the lowest point of the tank
le of tilt with reference line

Figure 5 — Angle of tilt (two reference lines)

quations are as follows.

using the formal formula for linear regression:

n n

Y.

1

Z,r'l:l(xixyi)'z XI.)—Z )

izl( i:1(

2
n

an?:l(Xi)z ) Zi:l(Xi)

is'the number of points in one line (top or bottom of the tank);

ured coordinates of all points; X; and Y;, the slope of fitted straight line shall be calculg

ted

(2)

Xijand

|94 4] o 4 £l s H 1.
I dITUHIT CUOUTUIIIAITS UT THIT PUITILS 11T UIIT ITIT.

The angle of tilt of the tank shall then be calculated for two reference lines as:

y=arctan

where

s1 and

12

S1 —|—SZ

s are respective slopes of the top and bottom reference lines.

(3)
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and for one reference line as:

10.

10.

y = arctan(s, )

2.3 Volume calculation

2.3.1 General

The systematic calculations shall be built up in three sequential parts:

a)
b)

A

10.

10.
Thi

cylinder with one diameter.

Megsured (and pre-calculated) parameters and variables,-as specified in Figure 5:

Ang

©IS

(4)

calculation of the volume of the cylindrical part of the tank (see 10.2.3.2);

calculation of the volume of the tank ends (see 10.2.3.3);

additional corrections shall then be made to the volume for deadwood, working pressui
shell temperature (see 10.3 and 10.4).

P.3.2 Volume of cylindrical body

p.3.2.1 Measurements

5 method calculates volume of the tank body at any angle©fitilt. The tank is assumed to

D = average diameter of the tank (m)
W = total length of the tank (m)
W = distance of the gauge from thélowest point of the tank (m)

y = angle of tilt (rad)

[ = gauged (vertical) innage level of the liquid (m)

h = gaugéd-height (parallel to tank ends, derived from gauged liquid level) (m)

Lg = vertical elevation (vis gravity) of the level gauge above the bottom of the tank (np)

e and tank

be a single

le of tilt y = 0 entered in the fellowing equations would result in zero-divide-by-zero. If the tank has
no gpparent tilt, a non-zero figure, e.g. y = 0,000 01 shall be entered into the formulae.

02017 - All rights reserved
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10.2.3.2.2

Heights, levels and lengths

(5)

Y
Key
D  tank digmeter hpe liquid height at the lower edge of empty tank
I measurjed level (includes level of dip plate) W, cylinderlength
lts  measurfed level with liquid at the top of the lower edgeW; gauge length
h  measuijed height (includes height of dip plate) Wgpsgauge length offset due to tank tilt
6Hg dip plafe height Wit length at the top of the tank covered by liquid
Lg referenfe (gauge) level
hy liquid Height at the upper edge
hp liquid Height at the lower edge
Figure 6 — Heights and lengths in tilted cylindrical tanks

All variablgs are as specified in-Figure 6.
Fixed height:

empty fank (I = 0)¥hpe = (Wg - Wgp) x tany = (Wg - D x tan y) x tan y [m]
Calculated|variable heights:

height atTower edge: /i, = Mpe * {1/ COS ¥ ¥ Ofg) (M)

height at upper edge: hy = hpe + (1 / cos y + 6Hg) - W x tan y (m)

NOTE1 The above measured level, ], is, as shown, measured to the dip plate.

NOTE 2  The above calculated heights can be negative or greater than tank diameter.

Calculated width at the top of the tank covered by liquid in near-full-tank state:

if hy < D then Wyt = 0 [m]

14

(6)

(7)
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if hy 2 D then Wyge = W [m]

else Wyt = (hp - D) / tan y [m] (8)

10.2.3.2.3 Volume
Angle of coverage is a function of liquid height as specified in Figure 7.

Key

a |angle of coverage
h |liquid height

R [|radius

xO

L@% 7 — Angle of coverage
o

o = arccos (1 - h / R) = arcco 1-2xh / D) (rad) 9

O

if calculated hp < 0 t Qb =0

if calculated h@ thenap=m

if calcul@mt <0Othena;=0

Qéé‘lx:lated h¢> D then a; =

intermediate variable:

g=sinax(1-1/3xsin2a)-axcosa (10)

Volume up to level I (height hy at the lower end and h at the upper end of the tank):

V=R3/tanyx (qp-q¢) + mx (D;j /] 2)2 x W, (11

© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=998a5e76469fc1d14051cab97b96f877

IS0 12917-1:2017(E)

where

qo = f(ap) =f (hp)

qe =f(a) =1(hy)
NOTE Index b indicates the bottom and index t the top of the tank.
10.2.3.3 Volumes of tank ends
10.2.3.3.1| General
Volumes of tank ends shall be calculated from heights (along the tank ends) of the liquid. See hy, anld h¢
in 10.2.3.2)2. Alternatively, if the more accurate method of volume calculations is used,the values for hp
and h¢ shall be those for extreme tank segments in A.3.2.
These caldulations shall be performed on non-tilted tanks. It is assumed that tilt makes only an
insignificant difference to the volumes of the tank ends. Tilt corrections are nétmnecessary for tank ends.
NOTE Tank ends include the straight (cylindrical) flange as shown in Figurell.
10.2.3.3.2| Tori-spherical (knuckle-dish) ends
Calculatior of the volume of the knuckle-dish ends shall be based on the following variables as specified
in Figure 8
a) radius|of the knuckle, Rx (m);
b) radius|of the dish, Rgy; or radius of the weld between the dish and the knuckle R, (m);
c) radius|of the cylinder, R=D / 2 (m).
The measured length of the head X; shall be’used either for calculation of the radius of the dish o1 for
checking the calculations.
If Rqis medsured, then:

R-R
sinf} = —( i)
(R4 - Ry)

R, =R, xsinf 12)

X, =Ry - (RypER, ) x cosf
where

X1 istheheadlength

16
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R3 (radius of the weld between knuckle and dish) and X1 (head length) shall be measured, then £ shall

be calculated (numerically) from Formula (13):
(X1 -RkxcosB)xsinff-Ryx(1-cosf)=0

and Rg shall be calculated as:

R, = Ry
d~= =
sinf3
In efither case:
X2 = Rgxcosf

Using this information, the radii of the dish as a function of the distance, Ry, shall be calculat

and

whg

0 < X < Xy (toroid)
2 2
R, :(R—Rk)—i—,/Rk - X

X7 < X < X1 (sphere)

\/R X +X

=(Ry — R, )xcosf=R; — X,

© IS0 2017 - All rights reserved
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Key
Ry
R
X1
X2

Y2

Rx

NOTE )

18

tank di
radius

radius

radius

angle o
X-coord
X-coord
differer
X-coord
radius

;
: Y,
/
o ~
-
y
= 7 u
o
/
X7
X
1

hmeter (= 2 * R)

f knuckle

f dish

f weld between knuckle and dish

F opening of the weld between knuckle and-dish
inate of tank head

inate of weld between knuckle and.dish

tial elevation for calculationof 8

inate of calculated cross-sectional area

t point X

(1 is thelength of the tank end (either top end or bottom end).

Figure 8 — Calculation of volume of the knuckle-dish end
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The volume as a function of liquid level (h) of the knuckle dish shall then be calculated by the numerical
integration according to Simpson:

h
v, :fAh(x)dx
0

where

A (x) = R)% % (0,5a, —0,5sina, )

(18)

whd

lead

if x
NO']
met

10.

10.

pIre

R—h
a. = 2 X arccos
R

X
X

ing to:

— (R~ h)x R2 — (R — h)?

R
A (x) = R)% X arccos[
X

> X1, Ap(x) = 0

E The integral for volume, V, (Formula 18) can be $o0lved using Simpson’s rule or othe|
hods.

2.3.3.3 Elliptical and spherical ends

p.3.3.3.1 General

Figlires 9 and 10 show side view and axial'view, respectively, of the tank end for elliptical an

end

s. These figures should be referyged-to in 10.2.3.3.3.2 and 10.2.3.3.3.3.

(19)

' numerical

d spherical

© IS0 2017 - All rights reserved
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D
Key
We lgngth of the head
h liquid height
R=D /2 rdius of the head
X hprizontal coordinate of tank end covered with liquid \(\Q)
Figure 9 — Side view of semi-ellipti&@;and semi-spherical tank ends
N
: I
Q + !
& 2w
%Q?“ 'y
%&?‘ <
Key

ax angle of coverage

h  liquid height

R radius of the head

Ry radius of the dish as a function of the distance

Figure 10 — Axial view of tank end
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10.2.3.3.3.2 Semi-elliptical ends

The total volume, V4, shall be calculated from:

where

IS0 12917-1:2017(E)

The

10.

Tot

Par

2
Vt:§><7r><R2><We (20)
R isthe radius of the head (see Figure 10) (m);
We is the length of the head (see Figure 9) (m).
partial volume V}, at height, h, shall be calculated from:
v 7r><We><h2 1 h 1)
= X _—
h 3R
P.3.3.3.3 Semi-spherical ends
h1 volume, V4, shall be calculated from:
TxW
2 2
V, = P € x(3R + W) (22)
fial volume shall be calculated as knuckle head with knuckle radius = 0 (refer to Figure 8)):
sin =R/ Rq
Rz = Rq x sin 8
X2 =0
X1 = Rq x (1-cos 3)
© IS0 2017 - All rights reserved 21
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R, = \/Rg —(X —|—Rd><cos[3)2 (23)

The volume as a function of liquid level (h) of the knuckle dish shall then be calculated by the numerical
integration according to Simpson:

h
Vy = [ 4, (x)dx (24)
0

where

A (x)F Ri x(0,5a, —0,5sina,)

R—h
a., = Ax arccos
R

X

leading to:

—h — (R—h)x R% — (R—h)? 25)

R
A (x)F Ri X arccos[
X

ifx2Xp, A{(x) =0
10.3 Corygections of volume of tank table

10.3.1 Gepneral

In most cafpes, these corrections may be neglected. If products are held at high pressures and high or
low temperatures, the corrections on volume of the tank table should be made for:

— working pressure, and
— tank shell temperature.

Due to reldtively low hydrostatic pressures, corrections for liquid head need not be made.
10.3.2 Working pressure

10.3.2.1 RBrinciple

NOTE umerical example in B.3.1 estimates effects of pressure on volume. It is left up to the user to decide
whether to do the corrections or not.

Corrections of the volume of the tank for the working pressure within the tank at calibration conditions
shall be performed in accordance with the following principle: The stress in one direction causes an
extension of the shell in that direction. It also causes a contraction in the perpendicular direction, the
size of which depends upon Poisson’s ratio for the material.

Pressure at calibration, if there is any, should be measured using existing gauges, and corrections to
stated reference conditions should be made as shown below.

No pressure corrections should be attempted for tanks that are declared as “non-pressurized”.

22 © IS0 2017 - All rights reserved
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10.3.2.2 Tank ends

The combination of the extension of the shell in one direction and the contraction in the perpendicular
direction causes a uniform strain in the material of the hemispherical ends of a cylinder given by

Formula (26):

(P. —P)xR

2E 1-0)

where

(26)

Thi

The
tan

10.

Int
end

Hen

whg

P, is the pressure at reference conditions (Pa);

P is the pressure at which the calibration was performed (Pa);

R is the radius of the tank (m);

t isthe shell thickness (m);

E is Young’s modulus (Pa);

o is Poisson’s ratio.

5 strain corresponds to an increase in the radius of the ends/ re, given by Formula (27):

or, _ (P. _P)XR(l—O')
R 2tE

subscript is used to distinguish the increasesin the radius of the hemispherical ends of a
k from the increase in the radius of the cylindrical part, which will be denoted by ér..

B.2.3 Tank body

he cylindrical part of a tank, the heop stress is P,- / t and, due to the pull exerted by the her

s, the longitudinal stress is (R~ P) x R / 2t.
ce, it follows that:
oW, (P.—P)xR
expansion in longittidinal direction = = (1-20)
w 2tE

C

AN oo (P —P)xR
expansion/in circumferential direction = = m

I
~
—~~
[\]
|
Q
~—

re

(27)

cylindrical

hispherical

(28)

(29)

W, is the length of the cylindrical part (m);

6W,. isthe increase in this length (m);

6rc istheincrease in the radius of the cylindrical part (m);
P isthe working pressure (Pa);

R  istheradius of the tank (m);

© IS0 2017 - All rights reserved
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t is the shell thickness (m);

o is Poisson’s ratio;

E  is Young’s modulus (Pa).

10.3.2.4 Total volume

Combining these formulae will give the following correction factor to the volume of the tank (Poisson’s
ratio typically equals 0,3):

Vfull = Vc X vac + Ve X vae 30)

where
(R+5r,)% x(1+8W,) _
Cove = 2 31)
R XW,
3P,

vae_1+2tEx(1_0) 32)

V.  igthe total cylindrical volume of the tank (m3);

Ve  igthe total volume of the ends (m3).
10.3.3 Tapk-shell temperature
Correctiong to the volume of the tank due to the factthat the tank-shell temperature is different ffom
the temperfature when the tank was calibrated, shial be carried out in accordance with Formula (33).

Cov=[1+ o (t1 - ts)] x [1 + 20 (L - t5)] 33)
where

a is the coefficient of linear,expansion of the tank shell metal (1/°C);

ts isthe temperatureof'certification of the tank capacity table (°C);

t1 isthe observedd4emperature of the dip-tape (same as that of the liquid) (°C);

ty is fhe température of the tank shell (°C) taken as average of ambient and liquid temperaturgs.
NOTE Forinsulated tanks or underground tanks, the shell temperature is assumed to be equal to the liguid
temperaturg.
10.4 Deadwood
The calculation of the volume of the deadwood shall be performed as specified in ISO 7507-1.
10.5 Calibration table at gauged levels
NOTE Tank calibration table calculated above gives volume as a function of level measured vertically from

the inside of the tank body, where there is no dip plate. There are several ways the liquid level can be gauged and
the client would expect the calibration table to relate to the gauged level.

24
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See Figure 11 for different versions of gauged level. The following modifications should be done to map
the vertical level, I, on which the calculations were based to the gauged level:

a) gauged level = vertical level, /, (i.e. for tanks with no dip plate): no modifications;

b) gauged level = vertical innage level, Iiy, (i.e. for tanks with a dip plate at 6Lg above the lowest point
of the inside of the tank body): volume at 6Lg is shown as being the volume of empty tank, levels
below 6Lg are blanked out;

c) gauged level = vertical ullage level, Iy, (i.e. for tanks with a dip plate at §Lg above the lowest point of
the inside of the tank body): same as b). above while the gauged level /;;) is mapped onto innage level
lin AS: [in = Lg - lul;

d) |gauged level = aligned innage level (height) hj,, parallel with tank ends: the gauged leyel (height)
hin is mapped onto innage level I, as: hip = i / cos y;

e) |gauged level = aligned ullage level (height) hy), parallel with tank ends: same as d) in which the
gauged level (height) hin is mapped onto innage level hy) as: hy) = Lg / cos\¥’> hin.

Q
N
|
3 3
|
_____________ -——————— P\'
& =
7 L 3= /
3
Lo,

Key

6D |height of reference pointabove average tank diameter

6Lg |increase in vertical-¢lévation

y |angle of tilt

hin |aligned innagetevel

hy |aligned ullage level

Lg |verticahelevation

lin |vertical innage level

Iu] ver tipa} unasc }CVC}

Figure 11 — Gauged levels

NOTE Refer to B.5 for a numerical example.
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Annex A
(informative)

Computation of tank capacity tables based on individual segment

dimensions

A1 Genleral
A.1.1 Mgthod
This methed calculates volumes of liquid in individual segments and obtains the total volume of|the
tank body fs their sum.
Assumptiops:
a) Individual segments are concentric, i.e. the differences between theirihdividual diameters (if 4ny)
are spread equally around their circumferences.
b) The angle of tilt through all individual segments is the same as.thé (averaged) angle of tilt of the tank.
The method is valid for any angle of tilt, as above, if tilt = 0 then"a’small number, e.g. 0,000 01 should be
used instegd.
A.1.2 Estimate of error
Formula (A.1), based on numerical examples, estimates the worst-case error in volume of tank body as
function off maximum difference in segment diameters, average diameter of the tank and the tank tflt:
Verr = [[0,002 x 88 x Dayg — 0,050 x 6) x\yd + (0,334 x 98 - 0,013 x 6 x Dayg)] x Dyar (A1)
where
Verr 1s the worst-case errorin volume [% of full volume];
Yd s the tank tilt {deg];
Dayg Is the average diameter of the tank [m];
Dyar 1s thesworst-case difference between any pair of segment diameters [m].
Typical fighres for tanks with diameters 2, 3,4 and 5 [m] are shown in B.2.

It is recommended that this estimate of error is made. If the error is seen as unacceptable, the following
calculations should be performed instead of those shown in Clause 10.

A.2 Measurements

Measured parameters and variables (see for details Figure A.1):

D; = average internal diameter of segment i (i = 1 for the lowest segment) [m]

Dg = average internal diameter of the segment where the level gauge is located [m]

W; = length of segment i [m]

26
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W = distance of the level gauge from the lowest point of the tank, measured along the axis of the tank [m]
y = average angle of tilt of the tank [rad]
I = vertical level (innage level measured to the inside of the tank shell) [m]

h = height (corrected gauged level) at right angle to the axis of the tank body [m]

Figure A.1 — Dimensions of individual segments

A.3 Calculations

A.3l1 Fixed heights
Refer to Figure A.1.
Heights at lower segment edges in‘empty tank (calculated heights could be negative):

height at lowest edge: hpie.= (Wg - Dg x tany) x tany + (D1 - Dg) / 2
height at lower edgeof segment 2: hpze = hp1e - Wi xtany + (D2 - D1) / 2
height at lower-edge of segment 3: hy3e = hppe — Wp x tany + (D3 - D7) / 2

height at lower edge of segment n: hppe = hpn-1e = Wn-1 x tany + (Dn — Dp-1) / 2 (A.2)

A.3.2 Variable heights, levels and widths
Refer to Figure A.1.

Calculated heights at segment edges, with liquid in the tank (calculated heights could be negative
or > segment diameter):

heights at lower edges: hpj = hpje + 1/ cosy (A.3)

heights at upper edges: htj = hpje +1/ cosy - Wi x tany = hpi - Wi * tany (A4)
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where i = segment number

Calculated width of segment at the top covered by liquid in near-full segment:

if hpi < Dj, then Wi =0

if htj = D;, then W = W;

else W;i = (hii-Dj) /tany

(A4)

NOTE |
most segme

A.3.3 Vo
Angles of c
lower end

cosapi=1

nt) are used to calculate volumes in tank ends (see 10.2.3.3).

lume

pverage by the liquid in each segment (refer to Figure 7):
f the segment (height hy;):

- 2 x hyi / D;

if calcullated hpi < 0, then hpj = 0 and cos api =1

if calcullated hpj > Dj, then hpj = Dj and cos api = -1

upper end

cosat=1

bf the segment (height hy):
2% hj / D;

if calcullated hj < 0 then ht = 0 and cos ayj =1

if calcullated h¢j > Dj then h¢ = Dj and.cos ayj = -1

Subsets of

lower end

qbi = si

upper end

formulae for segment volumes:
pf the segment (height hyp;):

N api % (1 - sin?\ghi / 3) - apj X COS b

pf the segment (height hy;):

qti = silll ati% (1 -sinZ atj / 3) - @ x cos a;

owest height hp1 (low height in the lowest segment) and highest height ht, (high height in the upjper-

(A.5)

(h.6)

(h.7)

(A.8)

Liquid volume in segment i:

Vi = (D;

/2)3 x (qvi- qti) / tany + = (Di / 2)2 x Wi

Liquid volume in the tank:

V=SUM (V)

28

(A9)

(A.10)
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Annex B
(informative)

Calculation examples

B.1 Volume oftank bhaodv
J—VeitHRe-0++& oay

IR 1

B.11 General

Thi

5 annex shows the results of calculations of the volume of tank body, and a, comparisd

caldqulating it as a single cylinder with averaged diameter (Clause 10) and as a set of segment

ind

vidual diameter and width (Annex A).

In the examples presented in B.1.2 and B.1.3, the gauged level was taken up to the point
inclined tank was completely full. This was Lg = 3,463 m above the lgwest point in the segn

the

gauge was mounted.

B.1{2 Averaged tank diameter

Inp

gauge width Wg =8,100

Ver
is0

Cal

©IS

it data are as follows:

Davg =3,358 m

W=15,882 [m

_ =

Wi * tany =0,4575

3

flull volume V =140,636 [m3]

[

[

[
Ri3/tany =164,28 [m3]

[

]

[

hbe =0,23%1 m]

ical elevation.of the level gauge has been set such that the entire tank is gauged. Lg = 3,6

ulated data are presented in Table B.1.

n between
5 each with

where the
hent where

00 m. This

200 m abové the top-most point of the inner surface of the segment where the gauge is npounted.
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Table B.1 — Variables for averaged tank diameter

hb ht cos cos gb qt Wc Volume

[m]  [m]  ab at [m] [m’]
0,230 -0,227 0,864 1,000 0,005 0,000 0,000 0,855
0,267 -0,191 0,842 1,000 0,007 0,000 0,000 1,228
0,303 -0,155 0,821 1,000 0,010 0,000 0,000 1,683
0,339 -0,119 0,799 1,000 0,013 0,000 0,000 2,225
0,375 -0,083 0,778 1,000 0,017 0,000 0,000 2,859
0,447 -0,010 0,735 1,000 0,026 0,000 0,000 4,420
0,519 0,062 0,693 0,963 0,038 0,000 0,000 6,363
0,664 0,206 0,607 0,878 0,070 0,004 0,000 11,043
0,808 0,351 0,522 0,792 0,113 0,014 0,000 16,507
0,953 0,495 0,436 0,707 0,169 0,034 0,000 22,571
1,097 0,640 0,351 0,621 0,238 0,064 0,000 29,109
1,242 0,784 0,265 0,536 0,320 0,105 0,000 36,022
1,386 0,929 0,180 0,450 0,417 0,159 0,000 43,230
1,531 1,073 0,094 0,365 0,528 0,225 0,000 50,661
1,675 1,218 0,009 0,279 0,653 0,305 0,000 58,250
1,819 1,362 -0,077 0,194 0,793 0,399 0,000 65,937
1,964 1,506 -0,162 0,108 0,948 0,508 0,000 73,664
2,108 1,651 -0,248 0,023 1,117 0,631 0,000 81,372
2,253 1,795 -0,333 -0,062 1,800 0,769 0,000 89,004
2,397 1,940 -0,419 -0,148 _ 1,497 0,921 0,000 96,501
2,542 2,084 -0,504 -0,23371,707 1,088 0,000 103,800
2,686 2,229 -0,590 -0,319 1,930 1,269 0,000 110,832
2,831 2,373 -0,675 £0;404 2,165 1,463 0,000 117,519
2,975 2,518 -0,761 . -0,490 2,410 1,671 0,000 123,772
3,120 2,662 -0,846\ -0,575 2,665 1,892 0,000 129,476
3,264 2,807 -0/932 -0,661 2,928 2,125 0,000 134,475
3,408 2,951 +1)000 -0,746 3,142 2,369 1,003 138,488
3,553 3,095( )-1,000 -0,832 3,142 2,622 6,018 141,030
3,589 3,132 -1,000 -0,853 3,142 2,687 7,272 141,442
3,625 3,168 -1,000 -0,875 3,142 2,752 8,526 141,774
3,661 3,204 -1,000 -0,896 3,142 2,817 9,779 142,032
3,697 3,240 -1,000 -0,917 3,142 2,883 11,033 142,222
3,%33 3,276 -1,000 -0,939 3,142 2,950 12,287 142,351
3,770 3,312 -1,000 -0,960 3,142 3,016 13,541 142,428
3,806 3,348 -1,000 -0,981 3,142 3,083 14,794 142,462
3,842 3384 -1,000 -1,000 3,142 3,142 15882 142,468

B.1.3 Varying tank diameter

The base data are given in Table B.2.

30
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Table B.2 — Calibration for varying tank diameter

Strapped
Segment Circumference Diameter Segment Calib correction
Cextl Cext2 D1 D2 Dextavg length ac.length DextP DextT
[m] [m] [m] [m] [m] [m] [m] [m] [m]

1 10,663 10,678 3,394 3,399

10,675 10,656 3,398 3,392 3,395 1,839 1,839 incl. weld 3,395 ,397
2 10,675 10,729 3,398 3,415

10,659 10,697 3,393 3,405 3,399 1,757 3,596 3,399 401
3 10,653 10,707 3,391 3,408

10,644 10,681 3,388 3,400 3,394 1,752 5,348 3,394 ,396
4 10,647 10,631 3,389 3,384

10,675 10,747 3,398 3,421 3,410 1,755 7,108 3,409 412
5 10,619 10,703 3,380 3,407

10,663 10,817 3,394 3,443 3,419 1,756 8,859 gauge 3,418 421
6 10,625 10,795 3,382 3,436

10,650 10,751 3,390 3,422 3,406 1,672, 10,531 3,406 ,408
7 10,663 10,769 3,394 3,428

10,628 10,688 3,383 3,402 3,393 1,755 12,286 3,392 ,395
8 10,659 10,685 3,393 3,401

10,669 10,641 3,396 3,387 3392 1,759 14,045 3,391 ,394
9 10,641 10,644 3,387 3,388

10,659 10,641 3,393 3,387 3,390 1,837 15,882 incl. weld 3,390 ,392

Diameters corrected for calibration conditions:

Internal diameter Dint average: 3,380 [m]
Internal diameter Dint at gauge: 3,399 [m]

Calgulated volumes and_cemparison with volumes calculated for averaged diameter are given in
Tabje B.3:
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Table B.3 — Calculated volumes for varying tank diameter

Varying diameter

Averaged diameter

Seg. number : 1 2 3 4 5 6 7 8 9
Avg. diameter [m] : 3,375 3,379 3,374 3,390 3,399 3,386 3,373 3,372 3,370 3,380
Width [m]: 1,839 1,757 1,752 1,755 1,756 1,672 1,755 1,759 1,837 15,882 max= 0,53%
hbe [m]: 0,242 0,191 0,138 0,095 0,049  -0,007 -0,062 -0,113  -0,165 0,230 min= -0,01%
Full yolume [m3]: 16482 15756 15664 15836 15929 15054 1564 15704 163835 142 468
Total Total Variable - averaged
gge level Volumel Volume2 Volume3 Volume4 Volume5 Volume6 Volume7 Volume8 Volume9 Volume Volume Volumes
fm]  [m3]  [m3] [m3] (W3] [m3] [m3] [m3] [m3] [m3] [m3] [m] [% max]
0,000 0,44 0,29 0,16 0,08 0,02 0,00 0,00 0,00 0,00 0,993 0,855 0,096%
0,217 1,23 0,98 0,79 0,65 0,50 0,32 0,20 0,09 0,02 4,784 4,420 0,255%
0,289 1,54 1,27 1,05 0,90 0,74 0,52 0,38 0,25 0,14 6,785 6,363 0,296%
0,433 2,22 1,89 1,65 1,47 1,28 1,01 0,85 0,67 0,52 11,549 11,043 0,355%
0,578 2,95 2,57 2,31 2,11 191 1,57 141 1,20 1,04 17,077 16,507 0,400%
0,722 3,73 3,31 3,02 2,82 2,59 2,21 2,05 1,82 1,66 23,191 22,571 0,435%
0,866 4,55 4,08 3,78 3,57 3,33 2,89 2,74 2,49 2,34 29,768 29,109 0,463%
1,011 5,40 4,88 4,57 4,35 4,11 3,61 3,48 3,22 3,08 36,713 36/022 0,485%
1,155 6,28 571 5,38 516 4,91 4,37 4,26 3,99 3,87 43,945 43,230 0,502%
1,300 7,16 6,56 6,22 6,00 574 515 5,07 4,79 4,70 51,394 50/661 0,514%
1,444 8,06 7,41 7,07 6,85 6,59 5,95 5,90 5,62 5,55 58,995 58,250 0,523%
1,588 8,95 8,27 7,92 7,71 7,45 6,76 6,75 6,46 6,42 66,688 65,937 0,527%
1,733 9,84 9,12 8,77 8,57 8,31 7,58 7,60 7,31 7,31 74415 73,664 0,527%
1,877 10,72 9,97 9,62 9,42 9,17 8,39 8,45 8,17 8,20 82,118 81,372 0,524%
2,022 11,58 10,80 10,45 10,26 10,02 9,21 9,30 9,02 9,10, 89,739 89,004 0,516%
2,166 12,41 11,60 11,26 11,09 10,86 10,00 10,14 9,87 9,98 97,220 96,501 0,504%
2,310 13,21 12,38 12,05 11,89 11,67 10,78 10,96 10,70 10,86 104,495 103,800 0,488%
2,455 13,97 13,12 12,80 12,66 12,45 11,53 11,76 11,51 171 111,497 110,832 0,467%
2,599 14,67 13,81 13,50 13,38 13,20 12,25 12,53 12,28 12,53 118,146 117,519 0,440%
2,743 15,29 14,43 14,15 14,06 13,90 12,93 13,25 13,02 13,32 124,351 123,772 0,407%
2,888 15,83 14,98 14,72 14,67 14,53 13,56 13,92 1372 14,06 129,995 129,476 0,364%
3,032 16,25 15,43 15,21 15,19 15,10 14,11 14,53 14,35 14,74 134914 134,475 0,308%
3,177 16,45 15,73 15,56 15,61 15,56 14,58 15,05 14,90 1536 138,799 138,488 0,218%
3,321 16,45 15,76 15,66 15,83 15,88 14,94 15,46 15,36 15,87 141,207 141,030 0,125%
3,465 16,45 15,76 15,66 15,84 15,93 15,06 15,68 15,66 16,25 142,287 142,222 0,046%
3,610 16,45 15,76 15,66 15,84 15,93 15,06, 15,68 15,70 16,39 142,460 142,468 -0,006%

B.2 Calqulation accuracy

Potential grrors due to calculating tank volume from averaged tank diameter (for tilted or not-ti
tanks) ratler than a sum of volumes’of the individual segments.

Formula (A.1) estimates worstzease error in volume as:

Verr = [:0,002 88 X Davg 4 0,050 6) X yd + [0,334 98 - 0,013 6t X Davg)] X Dvar

The followjing are values from which this equation has been derived. These are based on worst-¢
profile of yariatiens of segment diameter, while variations of segment widths are neglected as b

insignificapt:

ted

ase
Ping

Average diameter = 2 m
tilt [deg] =
Dvar [m] = 0,01
0,02
0,03
0,04
0,05

32

0 2
0,239 % 0,236 %
0,478 % 0,472 %
0,717 % 0,708 %
0,957 % 0,945 %
1,197 % 1,182 %

5

0,218 %

0,436 %

0,655 %

0,874 %

1,093 %

10

0,146 %

0,292 %

0,439 %

0,586 %

0,733 %
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Average diameter =3 m

tilt [deg] = 0 2 5 10
Dvar [m] = 0,01 0,159%0,158% 0,153% 0,131 %
0,02 0,318%0,317 % 0,307 % 0,262 %
0,03 0478%0,475% 0,460 % 0,394 %
0,04 0,637 %0,634% 0,614 % 0,525 %

0,05 0,797 %0,792% 0,768 % 0,657 %
Average diameter =4 m

tilt [deg] = 0 2 5 10
Dvdr [m] = 0,01 0,119%0,119% 0,117 % 0,109 %
0,02 0,239%0,238% 0,234% 0,218 %
0,03 0,358%0,357 % 0,351 % 0,326 %
0,04 0478% 0,476 % 0,468 % 0,435 %
0,05 0,597 %0,596 % 0,585 % 0,544%
Avefrage diameter =5 m

tilt [deg] = 0 2 5 10
Dvdr [m] = 0,01 0,095 %0,095 %(.0,094 % 0,090 %
0,02 0,191%0,190% 0,189 % 0,181 %
0,03 0,286%::0,286 % 0,283 % 0,271 %
0,04 0,382%0,382% 0,377 % 0,361 %
0,05-1-0,478 % 0,477 % 0,472 % 0,452 %

B.3 Corrections for temperature and pressure

The following examples show volume expansion of the tank body due to pressure and tempe

rature.

eratures at

NOTE Pressure and temperature are in fact the differences between pressures and temp

calibration and reference conditions.

B.3.1 Correction for pressure
The thickness of the tank shell [m] is assumed to grow with pressure using Formula (B.1):

t=to+KpxP

where

© IS0 2017 - All rights reserved
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to =0,01[m];

K, =1,7E-05[1/Pa];

P = (nominal) pressure [Pa].
Parameters:

R =D/2=1,689 *8 [m]

W, =15.882 [m]

E =2E+11[Pa]

o =0,30[1]
Volume of full tank:
V  =14,468 [m3]

Variables and calculation result:

p
kPa
10
50
100
200
500
1000
2000

NOTE ¢

t
m

0,010
0,011
0,012
0,013
0,018
0,027
0,044

B.3.2 Cofrection for temperature

Parameterg:

R+ dR

1,689 79
1,689 84
1,689 89
1,689 96
1,690,11
1,690 23
1,690 34

We + dW;

15,8820
15,8821
15,882 2
15,882 4
15,8827
15,8830
15,883 2

Cs=2,1E - 05 expamsion coefficient of the tank shell [1/°C]

dv
%full
0,002
0,007
0,014
0,024
0,044
0,060
0,074

= Pr - P =difference between pressures at reference and at calibration.

Tref= 40 temperature at reference [°C]
Ts = tank shell temperature at calibration [°C]
Variables andeateutationresutts:
Ts Ctv dv
¢ %full
-80 9,9E-01 -0,63
-40 1,0E+00 -0,38
=20 1,0E+00 -0,25
0 1,0E+00 -0,13
20 1,0E+00 0,00
50 1,0E+00 0,19

34
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Ts Ctv dv

¢ %full
100 1,0E+00 0,50
200 1,0E+00 1,13
400 1,0E+00 2,39

B.4 Volumes of tank ends

B.4f1—Knmuckie-disirend

Me3asured:

Rx =0,422 [m] = knuckle radius

Rz =1,367 [m] = radius of weld between knuckle and dish

X1 =0,606 [m] =length of the end

Nurperical solution for S:

a) |make two estimates of 5 (So, f1);

b) |calculate errors Er = (X1 - Rk % cos ) x sin - Ry x (1-cos ) for each of these: Erq, Er1;

c) |calculate the next estimate (i = 2, 3, 4, ...) of Bi =(Di-2 x bi-1 - Dj-1 x bi-2) / (Di-2 - Di-1] and error
(Ery) for it;

d) |carry on with incrementing i until error (Er{) = 0 (approximately).

Table of calculations:

i= 0 =estiml =estim 2 3 4 5 6 7 8 9 140 11

Bfrad]= 0,11 0,50 0,1979 0,2662 0,3541 0,3121 0,3171 0,3176 0,3176 0,3176 0,3[L76 0,3176
Error= 1E-02 -4E-02 )TE-02 7E-03 -7E-03 9E-04 8E-05 -1E-06 2E-09 4E-14 0E{00 OE+00
restilt: = 0,317 8 [rad]

Calgulated:

X; =0,401 [m]

Xax 53,483 [m]

YA 20 ool (1 £l of ols £, 1 v A3 a
Uusx - A% LlllJ LlCllsLll Ul OIICUT /A 1UL VUIUILIIU lllLCsl auuu}

Volume calculations:

h-index: 0 1 2 3 4 5 6 7 8 9 10
h:| 0,000 0,338 0,675 1,013 1,351 1,689 2,026 2,364 2,702 3,039 3,377
Xh:| 0,017 0,414 0,478 0,549 0,592 0,605 0,592 0,549 0,478 0,414 0,017
Vh:| 0,000 0,137 0,452 0,888 1,409 1,973 2,537 3,059 3,494 3,810 3,947

index X Rx Area (Xh):

0 0,000 1,689 0,0000 (0,4662 [1,2755 |2,2604 |3,3463 (4,479 3 |Symmetrical with bottom half
1 0,030 1,688 0,0000 (0,4639 [1,2721 |2,2561 |3,3413 [4,4735

2 0,061 1,684 0,0000 (0,4568 [1,2619 |2,2433 |3,3261 [4,4562
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3 0,091 |1,679 |0,0000 |0,4449 |1,2447 |2,2218 |3,3007 |4,4270
4 0,121 [1,671 [0,0000 |0,4283 [1,2205 |2,1914 |3,2647 [4,3857
5 0,151 [1,661 |0,0000 |0,4068 [1,1889 |2,1517 |3,2177 |4,3316
6 0,182 (1,648 [0,0000 |0,3803 [1,1497 [2,1022 |3,1590 (4,264 0
7 0212 [1,632 [0,0000 |0,3488 [1,1023 |2,0422 |3,0876 [4,1818
8 0242 (1,612 [0,0000 [0,3120 [1,0461 |1,9706 |3,0022 [4,0833
9 0,272 (1,589 {0,0000 [0,2697 [0,9800 |1,8859 |2,9008 [3,9660
10 0,303 [1,561 [0,0000 [0,2217 [0,9025 |1,7856 |2,7803 [3,8263
11 0,333 [1,526 [0,0000 [0,1676 [0,8108 |1,6657 |2,6355 [3,6578
12 0,3f3 |1,482 |0,0000 |0,1069 [0,6997 |1,5181 |2,4559 |3,4479 A
13 0394 [1,419 [0,0000 [0,0398 [0,5556 |1,3218 |2,2145 (3,164 1 NS
14 0424 (1,205 [0,0000 |0,0000 [0,1696 |0,7428 |1,4777 (2,2809 (]>'
15 04%4 [1,102 {0,0000 [0,0000 [0,0518 |0,5183 |1,1753 [1,9079 AN
16 0484 (0988 [0,0000 [0,0000 [0,0000 |0,3108 |0,8782 [1,5320 ~N
17 0,55 [0,857 {0,0000 [0,0000 [0,0000 [0,1305 [0,5898 [1,1533 kq\;‘)
18 0,545 (0,701 {0,0000 [0,0000 [0,0000 |0,0064 [0,3172 [0,7717 A
19 0,55 [0,497 {0,0000 [0,0000 [0,0000 [0,0000 [0,0799 [0,3872 \O)\“
20 0,696 [0,000 {0,0000 [0,0000 [0,0000 [0,0000 [0,0000 [0,0000 K
B.4.2 Spherical end ‘\§
Same as krjuckle-dish end with Knuckle radius Ry = 0. %)
O
Measured: $
R\
R =1]689 [m] = radius of tank body \Q
Rq =3|000 [m] = radius of the sphere \\C\){‘
result: §=,292 4 [rad] @ .
Calculated C)C)
Xz =0|[m] O
Xq =2[{494 [m] 0%
dX =0]026 [m]@ﬁ?h of slice X for volume integration)
Volume cahcula@
9 heindex:| 0 1 2 3 4 5 6 7 8 9 1p
h:| 0,000 | 0,338 | 0675 | 1,013 | 1,351 | 1,689 | 2,026 | 2,364 | 2,702 | 3,039 | 3,377
Xh:| 0,007 | 0,204 | 0,348 | 0447 | 0,505 | 0,524 | 0,505 | 0,447 | 0,348 | 0,204 | 0,007
Vh:| 0,000 | 0,048 | 0,215 | 0,498 | 0,867 | 1,282 | 1,697 | 2,066 | 2,349 | 2,516 | 2,564
index X Rx Area (Xh):
0 0,000 [1,689 [0,0000 |0,4662 [1,2755 |2,2604 |3,3463 [4,4793 |Symmetrical with bottom half
1 0,026 [1,660 [0,0000 [0,4047 [1,1858 |2,1478 |3,2131 [4,3263
2 0,052 [1,619 [0,0000 |0,3248 [1,0658 |1,9958 |3,0323 [4,1180
3 0,079 [1,577 [0,0000 |0,2493 (09474 |1,8438 |2,8503 [3,9075
4 0,105 [1,534 [0,0000 |0,1791 [0,8308 |1,6920 |2,6673 |3,6948
5 0,131 (1,489 [0,0000 |0,1157 [0,7165 |1,5405 |2,4833 |3,4800
6 0,157 [1,441 |0,0000 |0,0609 [0,6050 |1,3898 |2,2985 |3,263 1
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7 0,183 [1,392 |0,0000 [0,0185 |0,4971 |1,2400 |2,1130 |3,0440
8 0,209 [1,341 |0,0000 [0,0000 |0,3935 |1,0916 |19269 |2,8227
9 0,236 [1,286 |0,0000 [0,0000 |0,2954 |0,9450 [1,7405 |2,5993
10 0,262 [1,229 |0,0000 [0,0000 |0,2044 |0,8009 |1,5540 |2,3738
11 0,288 [1,169 |0,0000 [0,0000 |0,1226 |0,6599 |1,3676 |2,1461
12 0,314 [1,105 |0,0000 [0,0000 |0,0540 |0,5232 [1,1819 |1,9162
13 0,340 [1,036 |0,0000 [0,0000 |0,0063 |0,3921 [0,9973 |1,6842
14 0,366 [0961 |0,0000 [0,0000 |0,0000 |0,2687 [0,8146 |1,4500
15 0,393 (0,879 |0,0000 [0,0000 |0,0000 |0,1566 [0,6349 |1,2137
16 0,419 |0,788 |0,0000 |0,0000 |0,0000 |0,0617 |0,4598 |0,975 2
17 0,445 [0,684 |0,0000 [0,0000 |0,0000 |0,0012 [0,2922 |0,7346
18 0,471 [0,560 |0,0000 [0,0000 |0,0000 |0,0000 [0,1383 |0,4919
19 0,497 [0,397 |0,0000 [0,0000 |0,0000 |0,0000 [0,0165 |0,2470
20 0,524 (0,000 |0,0000 [0,0000 |0,0000 |0,0000 |0,0000 |0,0000
B.4.3 Elliptical end

Megsured:

Vollime calculations:

B.5

X1 =0,606 [m] (length of the end = horizontal half-axis of the ellipsoid)

R =1,689 [m] (radius of tank body = vertical half-axis of the ellipsoid)

Calibration table with gauged levels

0,000
0,338
0,675
1,013
1,351
1,689
2,026
2,364
2,702
3,039
3,377

Volume
m3

0,000
0,101
0,376
0,781
1,273
1,808
2,343
2,835
3,240
3,515
3,617

Gauged levels are calculated from vertical level with no dip plate, on which the calculations are based,
while the corresponding volumes are maintained. The following example illustrates changes from the

original vertical level.

Table B.4 shows an example of a calibration table.

© IS0 2017 - All rights reserved
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