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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 wit
Commissio

Internationg

The main t4

by the technical committees are circulated to the member bodies for voting. Publication as an Inte

Standard rg

Attention is|
patent right

1ISO 12917
SC 3, Statig

1ISO 12917
Calibration

Part 1:

Part 2:

Annex A fofms a normative part of this part of AS© 12917. Annex B is for information only.

This correcjed version of ISO 12917-1:2002.incorporates the following corrections.

On the
The mi
pa

SO, alSo take part in the work. SO collaborates closely with the International Electrq
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
sk of technical committees is to prepare International Standards. Draft International Standards
quires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this part of ISO' 12917 may be the 5
5. ISO shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 28, Petroleum products and lubricants, Subc
petroleum measurement.

consists of the following parts, under the general title Petroleum and liquid petroleum pr
bf horizontal cylindrical tanks:

Manual methods

Internal electro-optical distance-ranging method

cover page, “Premiére édition” has been replaced by “First edition”.

5sing Greek symbols_haye been added in the following equations:
ge 9, subclause 16.3;four equations;
ge 10, subclause 116.3, equation immediately above Figure 4;

ges 15 and ¥6, clause B.2, six equations.

technical

adopted

rnational

ubject of

pmmittee

pducts —
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Introduction

This International Standard forms part of a series on tank calibration methods. In countries where some or all of the
items covered by this part of ISO 12917 are subject to mandatory regulations, the regulations have to be observed.
In cases where differences exist between this part of ISO 12917 and regulations, precedence is given to the latter.
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Petro

leum and liquid petroleum products — Calibration

of horizontal cylindrical tanks —

Part 1
Man

al methods

1 Sca

This par

installed pt a fixed location. It is applicable to horizontal tanks up to 4 m in diameter.and 30 m in length.

The mef

underground. The methods are applicable to pressurized tanks, and/to both knuckle-dish-end 3

cylindrica

This part

applied for the measured tilt.

For tanks
computa

2 Nonmmative references

The follofving normative documents contain provisions which, through reference in this text, constitute g

this part
do not a
possibilit

referencgs, the latest edition-of-the normative document referred to applies. Members of ISO and IH

pe

of ISO 12917 specifies manual methods for the calibration of nominally*horizontal cyling

hods are applicable to insulated and non-insulated tanks, either when they are above
| tanks as well as elliptical and spherical head tanks.

of 1ISO 12917 is applicable to tanks inclined by up to¢10:% from the horizontal provided a ¢

ions should be based on the “Coats” equation.[1].

Df ISO 12917. For dated refefences, subsequent amendments to, or revisions of, any of these
bply. However, parties toagreements based on this part of ISO 12917 are encouraged to inv
y of applying the most ‘recent editions of the normative documents indicated below. H

rical tanks,

-ground or
nd flat-end

orrection is

over and above these dimensions and angle of tilt, appropriate corrections for tilt and appropiiate volume

rovisions of
bublications
estigate the
or undated
FC maintain

registers|of currently valid international Standards.

ISO 1998 (all parts), Petroleum industry — Terminology

ISO 7507 (all parts)y Petroleum and liquid petroleum products — Calibration of vertical cylindrical tanks

3 Terms-and-definitions

For the purposes of this part of ISO 12917, the terms and definitions given in ISO 1998, ISO 7507-1 and the
following apply.

31

telescopic rod
extendable tubular measuring device to measure a distance between two points

NOTE

For example, to measure the internal diameter of a cylindrical tank.

© I1SO 2002 — Al rights reserved
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4 Precautions

4.1 General
The general and safety precautions given in ISO 7507-1 shall apply to this part of ISO 12917.
4.2 Internal method

Before a tank which has been used is entered, a safe-entry certificate, issued in accordance with local or national
regulations, shall be obtained. All lines entering the tank shall be disconnected and blanked. The national or local

regulations

4.3 Exte

National or

5 Equip

5.1

The equipment required to carry out the calibration is dependent on,/the’method to be employed. Th

ISO 12917 |uses techniques and equipment described in ISO 7507-1. Equipment used in the calil
horizontal tanks shall conform with the specifications laid down in.the relevant parts of 1ISO 7507. All e
shall be trageable to a reference standard.

5.2 Telescopic rod

Equipment as used in the ISO 7507 series

regarding entry into tanks which have contained leaded fuels shall be meticulously observed:

rnal method

ocal regulations regarding entry to the tank area shall be observed.

ment

s part of
ration of
quipment

hall have

lowed to

b tests are

5.2.1 In gddition to the equipment mentioned in 5.1,ca telescopic rod shall be used. This telescopic rod s
a scale cappble of being read to 1 mm, and shall be_calibrated to within £ 0,5 mm.

5.2.2 The telescopic rod shall give a repeatability of maximum 1 mm.

6 General requirements

6.1 The fank shall be filled {o”its normal working capacity and working pressure at least once and a
stand while[full for at least 24-tvprior to emptying and preparing the tank for calibration.

NOTE The hydrostatie.test applied to new or repaired tanks will satisfy this requirement when additional pressur
carried out.

6.2 The fpllowing variables shall be considered for the development of the capacity tables:

— slopeltil;

— deadwood;

— temperature;

— pressure;

— liquid head;

position of gauge point.

2 © 1SO 2002 — All rights reserved
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7 Cal

ISO 12917-1:2002(E)

ibration procedures

The calibration procedures for calibration of horizontal cylindrical tanks are described in clause 8 (external

measure

ments) and clause 9 (internal measurements).

For both methods, measurements will be taken at around 20 % and 80 % of the width of each ring (see Figure 1).

2

/

80 % I,

AN

Key

1 Weld
2 Courn
3 Circd
4 Refe
8 Ext

20 %

line

5e length

mference measurement
Fence height

Figure 1 — Measurements of the diameters/circumferences

prnal measurements

8.1 Infroduction

External

measurements may be executed with any depth of liquid and liquid pressure in the tank.

The depth,

tempera

re, density and pressure or the Nlquid at tne ume Or calldbration shdall be recorded. o

ever, if the

temperature of the tank wall could differ by more than 10 °C between the empty part and full part of the tank whilst
the measurements are being taken, the tank shall be either completely full or empty during the procedure.

8.2 General

For the measurement procedures, a circumferential tape of sufficient length to completely encircle the tank should
be used and measurements of the total circumference shall be taken.

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

© I1SO 2002 — Al rights reserved
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As indicated in Figure 1, strapping should be undertaken around 20 % and 80 % of the course length

b)

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

path, circumferential measurements should be made and checked in accordance with the relevant procedure
given in ISO 7507-1. The checked measurements should be recorded as final measurements.

8.3 Repetition of measurements

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

8.4 Tole

Measuremse
are within H

If agreeme
agree. The
not agree, t

8.5 Other measurements on tank-shell plates

8.5.1

Plate, pain
ultrasonic d
shall be reg

8.5.2 Len

The length
measuring

For each m
be repeateq
two consed
length by ta

8.5.3 Head radii measurements

Plate and paint thickness

gth of the horizontal cylinder

[ances

nts shall be read to the nearest 1 mm and shall be considered satisfactory if two consecutive
0,03 % of the circumference or 3 mm, whichever is greater.

Nt is not obtained, further measurements shall be taken and recorded untilitwe consecutive
average of these two readings shall be taken as the circumference. If consecutive measure
he reason for the disagreement shall be determined and the calibration procedure shall be repg

and any coating thickness shall either be measured.'for each course, whenever possibl
evice/primary method, or will be taken from the drawings. The plate and paint thickness for eag
prded to the nearest 0,5 mm. Physical measurements are preferred to readings from drawings.

of the horizontal tank (cylindrical part)-shall be measured at the welding of the first knuck
points representative of the length of\the tank (see Figure 2).

easuring point, a reference pdint ‘shall be marked on the tank. The measurement of the leng

at least twice. Measurements:shall be read to the nearest 1 mm and shall be considered satig
utive readings are within( 0103 % of the length or £ 3 mm, whichever is greater. Determine th
king the average of thé two consecutive readings.

readings

readings
ments do
ated.

e, by an
h course

e at four

h should
sfactory if
e overall

The radius [of the knuckle'shall be measured using templates or depth gauges whenever possible (see Figure 2),
taking up tq eight measurements around the circumference, if practical, or taken from the drawings. An ayerage of
eight measlirements shall then be computed.

NOTE Ihysical measurements are preferred to readings from drawings.

8.5.4 Head length measurements

The length of the head shall be measured between the weldings mentioned in 8.5.2 at least two points (see

Figure 2).

© 1SO 2002 — All rights reserved
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Re—
Ly L
Ly
L  Length of cylindrical part of tank (see 8.5.2 and 9.4.2);
Ly Totallength of tank (see 9.4.5);
Ly Length of head (see 8.5.4 and 9.4.4);
Ry Radips of knuckle (see 8.5.3 and 9.4.3).
Figure 2 — Measurements of lengths and radii
9 Intgrnal measurements
9.1 Ggneral
For the easurement procedures, a telescopic rod (5.2) of>sufficient length to completely measure |the internal

diameter

In all cas
divided 9

9.2 Re

After an
tank she

of the tank shall be used. The internal method js-applicable to tanks less than 4 m in diameter.

round the circumference. The average.of these four measurements shall be recorded.

petition of measurements

nternal diameter has beenimeasured, the telescopic rod shall be released and brought back
. The readings shall be répgated and recorded.

9.3 Tolerances

Measure
the diam

If agreen

ments shall béread to the nearest 1 mm and shall be considered satisfactory if they are within
bter or + 1.mm, whichever is greater.

nent, isynot obtained, further measurements shall be taken and recorded until two consecutiy

es, the telescopic rod shall be applied tocthe tank at the prescribed locations, at four positipns, equally

hgain to the

+ 0,05 % of

e averages

9.4 Other measurements on tank-shell plates

941 P

late thickness

rements do

gpeated.

The plate thickness shall either be measured for each course, whenever possible, or will be taken from the
drawings. The plate thickness for each course shall be recorded to the nearest 0,5 mm. Physical measurements

are prefe

NOTE

rred to readings from drawings.

The thickness is required for pressure correction.

© I1SO 2002 — Al rights reserved
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9.4.2 Length of the horizontal cylinder

The length of the horizontal tank (cylindrical part) is measured at the welding of the first knuckle at four measuring
points representative of the length of the tank (see Figure 2).

For each measuring point, a reference point shall be marked on the tank. The measurement of the length should
be repeated at least twice. Measurements shall be read to the nearest 1 mm and shall be considered satisfactory if
two consecutive readings are within 0,03 % of the length or £ 3 mm, whichever is greater. Determine the overall

length by taking the average of the two consecutive readings.

9.4.3 Headradiimeasurements

The radius
taking up tg

eight measyrements is then computed.

NOTE A

9.4.4 Head length measurements

of the knuckle shall be measured using templates or depth gauges whenever possiblec(see
eight measurements around the circumference, if practical, or taken from the drawings!,An a

Physical measurements are preferred to readings from drawings.

Figure 2)
erage of

The length [of the head shall be measured between the weldings mentioned ih 9.4.2 at at least two pdints (see
Figure 2).

9.4.5 Medsurement of length between centre head

The total length of the tank shall be measured between each end (between centre heads). Repeat the
measuremaénts until two consecutive readings agree within:@" tolerance of +0,03 % of the length ¢r 3 mm,
whichever is greater.

10 Addifional measurements

10.1 Deagq

The dimen
heights of t

wood

sions of the deadwood shall\be measured, whenever possible, or taken from the drawings
ne lowest and highest point,of such deadwood measured in relation to the datum point of the

and the
ank. The

measuremegnts shall be recorded to\the nearest 5 mm.

10.2 Measurement of tilt

10.2.1 Abgve-ground tanks

When the
determine
weldings.

used to
knuckle-

ank, is»installed above the ground, a theodolite instrument with a measuring stroke can be
e-tilt of the tank by measuring the difference in horizontal height at the weldings, i.e. at the

The theodolite is therefore installed at the middle of the horizontal length of the tank, a little distance from the tank.
The angle to the target points on the knuckle-weldings is then measured, and used for the calculation of the tilt
angle (standard survey technique).

10.2.2 Underground tanks

When the tank is installed underground, a theodolite instrument with a measuring stick can be used to determine
the tilt of the tank.

The theodolite is therefore installed at the middle of the horizontal length of the tank and the height and distance of
the measuring stroke (standard survey technique) is then measured.

© 1SO 2002 — All rights reserved
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10.23 M

Measure

ISO 12917-1:2002(E)

easurement of overall dip height

the overall dip height at the reference gauge hatch.

11 Other parameters

For the computation of the capacity table, the following additional parameters should be taken into account:

— liquid head;

— work

— work

12 Req

Tanks sk
for exam
equipme

recalculated.

13 Descriptive data

ing pressure;

ing temperature.

calibration

all be recalibrated whenever the calibration becomes suspect or the tank’/becomes physicall
ple, due to movement off the tank foundations or as required by national regulations. Simi
nt affecting deadwood volume is fitted or deadwood is removed;*the tank calibration tah

deformed,
arly, if new
le shall be

me for the
bading shall

tant part of

13.1 Dgscriptive data should be entered on the tank measurement form. The commonly used n3
contents |of the tank is a sufficient description. If a more accurate description is desired, a hydrometer r
be obtained and recorded with the temperature of the_ sample.

13.2 Supplemental pencil sketches, each completely identified, dated and signed, will form an impo
the field ¢lata. The sketches should show

a) typidal vertical and circumferential seams,

b) numper and size of plates perring,

c) location of rings at which-the’thickness of the plate changes,

d) arrangements and size of nozzles and manways,

e) dents and bulges in shell plates,

f) amount of\off-level from the horizontal position,

g) methedusedHnbypassing-anobstractionin-the-path-ofacireumferentia-measurement

h) location of the tape path different from that shown on guide sheets, and

i) location and estimated size of a gauging shelf.

NOTE

Further details can be found in annex C of ISO 7507-1:1993.

14 Computation of tank capacity tables — General rules

14.1 All calculations shall be made in accordance with accepted mathematical principles. Errors in calculation are

minimize

d and checking facilitated by the adoption of a standard form of calculation and data sheet.

© I1SO 2002 — Al rights reserved
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14.2 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. Unless

otherwise s

pecified, volume shall be expressed with an accuracy of five significant figures.

14.3 Tank capacity tables prepared in accordance with the recommendations set out below shall bear the words:

“Calibrated

by the External/Internal Manual Method in accordance with ISO 12917-1.”

14.4 The standard temperature and standard pressure flow, for which the tank capacity table has been calculated,
shall also be recorded at the head of the table.

145 Al d
adequate a
various ele

14.6 All n
necessary.

NOTE
necessary.

15 Effec

When the ¢
other situat

normative gnnex A).

16 Systematic calculations (summary)

16.1 Gene¢ral

The system
a) calcula
b) calculg
c) calcula

After comp

temperaturg, liquid Read and tilt. These corrections are calculated according to the formulae in annex A.

16.2 Cylir

tion of the volume of the cylindrical part of the tank (see 16.2);

badwood shall be accurately accounted for concerning volume and location, in order~iqg
lowance for the volume of liquid displayed by the various parts and to provide allocation of.th€
ations within the tank.

easurements shall be corrected for thermal expansion and according to the “devices cali

f the linear thermal expansion of the tank and the measuring device (tape or rod) are similar, no further cq

ts of tilt

auging point of the tank is in the centre (longitudinally), the"correction for tilt can be neglect
ons, an additional correction for the tilt, related to the p6ésition of the gauging point shall be apy

atic calculations are built up in three’sequential parts:

tion of the volume of the)tank heads (see 16.3);
tion of the volume™of the deadwood (see 16.4).

etion of 1612~to 16.4, additional corrections are made to the volume for working pressure,

drical volume

provide
effects of

bration if

rrection is

ed. In all
lied (see

tank wall

The volume of the cylindrical part of the tank (see Figure 3) is calculated from:

V=AxL withO<h<2R

in whic

in whic

in whic

h4=0,5R2(a-sinav)
haV :2><arccosM
R
hr=2
2

© 1SO 2002 — All rights reserved
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where
D is the average internal diameter of the tank;
h is the height of liquid in the tank;
V' is the volume as a function of liquid level;

L is the length of the cylindrical part of the tank.

Figure 3 = Calculation of cylindrical volume

16.3 Volume of the knuckle-dish:ends

Calculatipn of the volume of the-knuckle-dish ends is based on the following data:
a) radiys of the knuckle, Ry

b) radigs of the dish,%g;

c) radiys of thereylinder, R.

The meapred length of the head is only for checking the calculations.

From Figure 4, the following equations can be derived:

(R—Ry)

sinf = (Rd —Rk)

Ry, =Ry xsinf
X9 = R xcospf

xq4=Rq—(Rq—Rg)xcosf (calculated depth)

© 1SO 2002 — Al rights reserved 9
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Using this information, the radii of the dish as a function of the distance, R, will be calculated:

in which M = (Rq— Rg) x cos

The volumsd

according t¢ Simpson:

in which 4, (x) = R2 x(0,5¢, —0,5sina,)

in which ar, =2x arccos[RR_ h]

R3 —(M +x)

h
Vi = j 4, (x)dx
0

2

as a function of liquid level (4) of the knuckle dish will then be calculated by the*numerical integration

X

Q:l—

Qd

Rx

10

X

X

Figure 4 — Calculation of volume of the knuckle-dish end

© 1SO 2002 — All rights reserved
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16.4 Elliptical ends

16.4.1 Total volume

ISO 12917-1:2002(E)

The total volume, 14, is calculated from:
Vi :gxan2 X Ly
3
where
R |s the radius of the head (see Figure 5);
L4 s the length of the head.
16.4.2 Rartial volume
The partipl volume, 7, is calculated from:
TXLyXh 2 h
Vhd ————%|1-—
2 3R
where 7 is the product height (see Figure 5).

16.5 Spherical head

16.5.1 Total volume

The total volume, 14, is calculated from:

Vt:

LM(:;RZ +L$)

© I1SO 2002 — Al rights reserved
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16.5.2 Partial volume

Calculate as knuckle head with knuckle radius = 0.

16.6 Deadwood

The calculation of the volume of the deadwood shall be carried out as described in ISO 7507-1.

12 © 1SO 2002 — All rights reserved
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Annex A
(normative)

Tilt

Disregard the effect of tilt if the value of E/D, as shown in Figure A.1, is less than 0,012.

For tanks

When th
computa
the inclin
factors fa
tanks.

The effeq

NOTE

and volunje computation.

Wli.il .llii. U)\bUUUIiIIy i.i Ic iilll“. Uf 0,012, bUIIUbi.iUII Ulr “IU vuiumc WI“ IUC bdllibul Uui. dbbUldillg i.U
e gauging is done from the longitudinal centre of the tank, a procedure based on measur
ions may be used. Compute the total volume of the cylindrical section of the tank. Incremental
ed position are determined by taking percentages of total volume. Figure A.1 gives satisfacton
r the volume at any point of tilted tanks. This procedure applies only to the cylindrical sections

t of tilt upon the volume of the heads is negligible.

For tanks larger than 4 m in diameter and 30 m in length, the “Coats” equations [1] should be used for t

Rigure A.1.

ements and
volumes for
y correction
of off-level

It corrections
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Key
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14

0,5

]

0,4

]

0,3

0,2

0,1

0,05
0,04

0,03

0,02

0,01

]

0,005 |
0,004 {{

0,003

0,002

0,001
0 0,02 0,04

0,06

correction, percentage. of total tank capacity
bf tank
] / may be measured vertically, if desired

Diametér of the tank, in metres

fdiquid in the tank, in metres

0,08

f H/D — subtract volume correction when tank is less than half full
f H/D — add volume correction when tank is less than half full

n (height) of the higher end of the tank above the lower end of the tank, in metres

0,10 0,12 0,14 0,16 0,18

Figure A.1 — Volume correction for cylindrical tanks with axis inclined
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