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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Petroleum and liquid petroleum products — Measurement
of level and temperature in storage tanks by automatic
methods —

This docu

calibratior

The ATT i
vapour pré

This docu
pressurize

2 No

ent provides requirements and guidance on the selection, accuracy, installation, comn
and verification of automatic tank thermometers (ATTs) in fiscal/custady transfer app

used for measuring the temperature of petroleum and liquid petroleum products hay
essure less than 100 kPa, stored in cargo tanks on board marine'vessels (i.e. tankers an

Iment is not applicable to the measurement of temperatufe in refrigerated storage

d cargo tanks on board marine vessels, which is coveredin*ISO 8310.

ative reference

rvr\]l
The followling documents are referred to in the text in such a way that some or all of their content ¢

requiremd
the latest 4

ISO 1998 (|

3 Term

For the pu
ISO and IE

nts of this document. For dated references;only the edition cited applies. For undated 1
bdition of the referenced document (including any amendments) applies.

b1l parts), Petroleum industry — Termiinology

s and definitions

poses of this document, the terms and definitions given in ISO 1998 (all parts) and the folloy

— ISO Online browsingplatform: available at https://www.iso.org/obp

IEC El

3.1
automatic

ectropediaiavailable at https://www.electropedia.org/

tank thermometer

C maintain terminélegy databases for use in standardization at the following addresses:

hissioning,
lications.

ring a Reid
d barges).

tanks, or

onstitutes
eferences,

ving apply.

ATT

instrument that continuously measures temperature in storage (or cargo) tanks

Note 1 to entry: A marine ATT, which can also be known as an automatic tank temperature system, typically includes
precision temperature sensors, deck-mounted transmitters for electronic signal transmission, and receiving/readout

device(s).

3.2

resistance temperature detector

RTD

electrical temperature-sensing element commonly used to measure the temperature of the contents of a
storage tank

© IS0 2024 - All rights reserved
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single-point automatic tank thermometer
spot automatic tank thermometer

automatic tank thermometer (3.1) that measures the temperature at a particular point in a tank by the spot
temperature element

3.4

multiple-point automatic tank thermometer
automatic tank thermometer (3.1) consisting of multiple (usually three or more) spot temperature elements
to measure the temperature(s) at selected liquid level(s)

Note 1 to entry: The readout equipment should average the readings from the submerged temperature elements to
compute the average temperature of the liquid in the tank and may also display the temperature profile in the tank.

3.5
temperat

1re transmitter

instrument that typically provides electrical power to the temperature element(s), convezts.the te

measured

Note 1 to er
level transr

by the element(s) to an electrical or electronic signal, and transmits the signalto a remg

try: Alocal readout may be provided. Often, the function of the temperature transmitter is proy
hitter of the automatic level gauge

4 Precautions

4.1 Safe

ty precautions

Relevant i
Tankers a
should be
the usean
areas are ¢

ternational standards, classification society rulessand the International Safety Gu
d Terminals (ISGOTT)[4] containing regulations.ex$afety and material-compatibility p

mperature
te readout

ided by the

de for Oil
recautions

'ollowed when using marine ATT equipment. In addition, the manufacturer’s recommenidations on

] installation of the equipment should be follgwed. All requirements covering entry into
xpected to be observed.

4.2 Equiipment precautions

4.2.1 Al
environmg
service, an
avoid both
pressure d
withstand

4.2.2 All
standards
for use in t

marine ATTs should be «capable of withstanding the pressure, temperature
ntal conditions likely to be-encountered in marine service. When an ATT is installed in §
y parts exposed to the tiquid or vapour should be of durable, corrosion-resistant const

product contamination and ATT corrosion. All ATTs should be sealed to withstand t
fliquid in the tank(CATTs mounted on vessels with an inert gas system (IGS) should be d
the operating pressure of the IGS.

marine ATTs should be specified and installed according to appropriate marine electry
including/those developed by the IMO, I[EC, CENELEC, ISGOTT and ISO. ATTs should b
he hazardous-area classification appropriate to their installation.

hazardous

hnd other
| corrosive
ruction to
he vapour
esigned to

ical safety
e certified

1d 1

4.2.3 Al

25 1 | i £ATT rad i 1 L £ ] ad s ] 'S
CALCTIIAdI I1ITLdl }Jal LOUINIT 1O ITNITUULILUU VUIT LAdITRS STITUUIU DT T1T llll)’ CUIITICLLCU tU dIT TITCL U

i.e. the ship's hull.

ical earth,

4.2.4 All ATT equipment should be maintained in safe operating condition and the manufacturer’s
maintenance instructions should be complied with.

4.3 General precautions

4.3.1 The general precautions given in 4.3.2 to 4.3.6 apply to all types of ATTs and should be observed
where they are applicable.

© IS0 2024 - All rights reserved
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4.3.2 Tank levels should be measured and recorded simultaneously, or as close as practical, as the tank
temperature is measured. For more details on level measurement, refer to ISO 4266-2.

4.3.3 Temperatures measured for bulk transfer should be recorded when they are taken, unless the
remote readout equipment of the ATT automatically records the temperatures periodically.

4.3.4

In the case of multiple port loading and/or discharge, the same general procedures should be used to

measure a tank temperature before product transfer (opening gauge) and after product transfer (closing gauge).

4.3.5 ATTs should provide security to prevent unauthorized adjustment or tampering. ATTs used in fiscal/
custody transfer applications should provide facilities to allow sealing to prevent unauthorized calibration

adjustment.

This protection can require mounting the ATT sensor(s) in a thermowell.

ATT sens
(e.g. float
when it is

4.3.6 Thle design and installation of ATTs can be subject to the approvalof’the national me

organizati
the ATT fo
ATT has b
manner. T
dry heat, 1
and high v

5 Accu

5.1 Genleral

The accur
levels také
measurem
gauging sy
standard v

s can be an integral part of the ALG level sensor assembly (e.g. float and tapeypole). Sa
hnd tape) can require the level/temperature sensor assembly to be raisedto a “storg
hot being used. Such ATTs shall not be used during tank washing.

pn, who will normally have issued a type or pattern approval (“IT'ype Approval”) for th
r the particular service for which it is to be employed. Type approval is normally issu¢
ben subjected to a specific series of tests and is subject tothé ATT being installed in af
'pe approval tests may include the following: visual inspéction, performance, vibration

pltage.

racy

hcy of petroleum temperatures taken by the ATTs should be consistent with the accu
bn by the automatic level gauging system so that the overall accuracy of the standal
ent is not seriously degradedyObservance of the accuracy requirements for level and te
stems given in ISO 4266¢2and in this document are expected to ensure overall accul
olume measurement.

5.2 Int

The intri
as specifi
measure

the ATT is

NOTE

insic error of ATTs

sic error of(thé ATT, i.e. the accuracy of the ATTs when tested under controlled
d by the manufacturers, can be a major component of the uncertainty of the te
ent of the\ATT as installed. It is presupposed that the calibration reference device used t|
tracéable to appropriate national standards.

me design
b” position

hsurement
b design of
bd after an
approved
humidity,

nclination, fluctuations in power supplies, insulationjresistance, electromagnetic compatibility

Facy of the

rd volume

mperature
Facy of the

conditions
mperature
o calibrate

he’ temperature elements and onboard transmitters used for fixed, automatic tank t

pmperature

measurement are calibrated prior to installation. The transmitters normally do not provide on-board calibration

adjustment

5.3 Cali

S.

bration prior to installation

5.3.1 General

The ATT can be calibrated or verified either as a system or by components.

© IS0 2024 - All rights reserved
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5.3.2 ATT calibrated as a system

If verified as a system, the temperature reading of the ATT readout should agree with the temperature
reading of the thermostatically controlled reference bath or oven temperature within 0,25 °C at a minimum
of three test temperatures spanning the anticipated working range of the ATT.

5.3.3 ATT calibrated by components
If the ATT is verified by components:

a) the temperature equivalent of the measured resistance should agree with the bath temperature within
0,20 °C at each temperature;

b) thetemperature transmitter/converter and the ATT readout should be checked using precisioh resistors
or a fecently calibrated thermal calibrator. The ATT readout should agree with thé)temperature
equivalent of the resistors or calibrator within 0,15 °C at each temperature.

5.3.4 Mypltiple-point ATTs

The required accuracy for each spot temperature sensor should be as given in 5.8¢2 or 5.3.3, depending on
the methofl used.

5.3.5 Uncertainty of the reference

The uncertainty of the reference should not exceed +0,05 °C.

5.4 Err¢r caused by installation and operating conditions

The total grror of the ATT for custody transfer service canbe affected by the installation and by|variations
in the operating conditions.

NOTE1 [The accuracy of an ATT depends on the following:

— the number of temperature-sensing elements;

— thelocption of the temperature-sensing elements.

NOTE 2  [The tank content's temperatusre can be subject to stratification which varies with:
— cargo-heating method and/orlocation of heating coils;

— multip]e sources of supplys;

— viscosity of the liquidyinthe tanks;

— tankirsulation;

— adjacent tanktemperatures, and

— sea walteftemperature for tanks in contact with the ship’s hull and bottom.

NOTE3  Temperatures in large tanks (i.e. 750 m3 or larger) are often vertically stratified unless the contents are
thoroughly mixed. Larger stratification can be expected in high-viscosity petroleum liquids. Temperatures in wing
tanks can also be horizontally stratified due to the effect of the sea temperature.

5.5 Overall accuracy

5.5.1 General

The overall accuracy of temperature measurement by the ATT, as installed, is limited by the intrinsic error
of the ATT equipment (temperature-sensing element, transmitter and readout), the effect of installation
methods, and the effect of the operating conditions.

© IS0 2024 - All rights reserved
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5.5.2 Use of ATT for fiscal/custody transfer purposes

In tanks with vertical temperature stratification, the temperature gradient is rarely linear. An average
temperature should be used for fiscal/custody transfer services. It is possible that the mid-level temperature
of the tank contents does not give an accurate average temperature.

An ATT system should be considered suitable for fiscal/custody transfer services if the ATT system meets
the following on-board verification tolerances specified in 9.2.2 and 9.3.2.

The ATT should meet the calibration tolerances prior to installation (see 5.3).

Including the effects of installation methods and changes in operating conditions, the ATT should meet the
on-board verification tolerance specified in 9.2.2 and 9.3.2.

The remot readout, if used, should meet the recommendations of Clause 10.

6 Seledtion of ATTs

6.1 Genleral

Copper orplatinum temperature element bulbs, i.e. resistance temperature detéctors (RTDs), are normally
used for this application. The following types of ATT elements are widely used:

— singlefpoint (or spot) ATT;

— multiple-point ATT.

Other typés of ATT elements, which provide comparable perfermance, may be used.
The selectjon of a suitable ATT should be made based on the following criteria:

a) theacfuracy required;

b) the operating conditions which may affect the accuracy (e.g. expected product temperature
stratiflication);

¢) the minimum level in the tank at which temperature measurement is required;
d) envirgnmental conditions;
e) number, type and size of thie tanks;

f) requiement for local 4&nd remote readout, signal transmission, and cabling.

6.2 ATTs for fiscal/custody transfer purpose

Tanks usinjg an automatic method to determine temperature in fiscal/custody transfer should pré¢ferably be
fitted with amultiple-point ATT, except when:

— the cargo tanks have a capacity less than 159 m? (1 000 barrels), or the level is less than 3 m;

— the maximum vertical temperature variation is less than 1 °C, and the manual average temperature
measurement has been used to verify temperature stratification.

NOTE Single-point or spot tank temperature measurement can be used when the temperature of the liquid in the
cargo tank is considered to be uniform, or when any temperature stratification in the tank has been shown to be small
and acceptable (see ISO 4268).

© IS0 2024 - All rights reserved
5


https://standardsiso.com/api/?name=8aa9d5283b0b7bdf498029d131a67767

ISO 4266-5:2024(en)

7 Description of ATT equipment — Electrical temperature elements

7.1 Gen

eral

Copper or platinum electrical-resistance detectors (RTDs) are normally used for temperature measurement
for fiscal/custody transfers because of their high accuracy and stability. Other types of temperature
elements (e.g. thermocouples, thermistors, semiconductors, fibre optics) are available. Unless calibrated
and meeting the verification tolerance given in Clause 5, their accuracy is not considered suitable for fiscal/
custody transfer services.

8 Insta

llation of marine ATTs

8.1 Genleral

Marine AT

8.2 Location of temperature-sensing element(s)

The singlé

to a vapour lock valve, gauging hatch, or other suitable gauging access peint. The following 1

installatio

Ts should be installed in accordance with the ATT and ALG manufacturer's instruction$

-point (spot) and/or multiple-point temperature-sensing elements’should be instz:

h are commonly used.

The el
shoul

a)

deck, puspended by their individual metal cabling, down.{e'various depths in the tank. W
tempdrature-sensing elements are used, they shouldcsbe located respectively in the uj
(apprgximately 70 % to 80 % of the tank height), in the‘middle (approximately 40 % to 50 %
height) and in the lower third (approximately 15 %.to. 20 % of the tank height).

b) The el

liquid

For both
temperatu
ALG/ATT

8.3 Locjtion of manual (temperature) gauge hatch

To permit
deck pene

performed.

8.4 Ten

On cargot

ments are installed in a metal thermowell through the de€k (tank roof). This vertical t

D.

1lled close
nethods of

hermowell

allow for one or more (usually three) temperature-seising elements to be mounted from the

ments are installed as an integral part of‘ALGs with level-sensing element(s) in conta¢

The height of each temperature elementcan depend on the ALG mounting.

pf the above methods a) and ), the ullage corresponding to the depth of each
re-sensing element for each tank-should be readily available for the operator, together
ystem data.

accurate comparison between manual and automatic temperature measurement
fration should-be-close (e.g. preferably within 1 m) to a location where manual gaug

|peraturé measurement of inerted tanks

anks connected to the Vessel s 1nert gas system (IGS) the ATT should be designed and i

1oC

(hen three
pper third
bf the tank

t with the

individual
with other

the ATT
ng can be

hstalled so

that it can

UC ulcuuLcuucu auu LallUl aLcu vV lLllUuL UCTPITSsuUl lLllls LllC 9.
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9 (alibration and on-board verification of marine ATTs

9.1 General

The ATT, including the temperature element(s), the transmitter and the readout, selected for temperature
measurement for fiscal/custody transfers, should meet the calibration tolerances given in Clause 5. It is

expected that the calibration reference for an ATT is traceable to appropriate national standards.

NOTE 1
automatic tank temperature measurement are calibrated prior to installation. The transmitters norm
provide on-board calibration adjustments.

NOTE 2 he purpose of the following procedures is to verify the adequacy of the calibration and the acc

The precision electronic temperature elements and on-board transmitters/converter used for fixed,

ally do not

racy of the

ATT (including the temperature elements, the transmitter, and the local/remote readout) as installed.

When an
measurem
should not

ATT is checked or calibrated by manual temperature measurement, the manual te
ent should be performed according to ISO 4268. The uncertainty of the field calibratior
exceed 0,1 °C (with any necessary calibration corrections applied).

The ATT can be calibrated/verified either as a system or by components.

9.2 (alipration of single-point temperature element ATTs for fiscal/custody transfe

The AT'T (including the temperature sensors, the\témperature transmitter/converter, and th
as a whole may be calibrated with constant temperature baths, at three or more temperature
the operating range. The bath temperatures should be measured by reference thermometer(s
for the required accuracy).

b) Alterratively, the components of the ATT may be separately calibrated. The resistance of the te
elemept should be measured in the\bath. Separately, precision resistors, or a thermal calibra
be us¢d to simulate temperature’ input to the temperature transmitter/converter and read
ATT (dee 5.3.3 for the required-accuracy). It is expected that the thermal calibrator is recently|
againgt a reference traceable’to a national standard.

9.2.2 Injtial verification at shipyard or during sea trials

Initial verjfication and adjustment procedures at the shipyard or during sea trials should be

mperature
reference

14

factory or
reference

e readout)
s covering
(see5.3.2

mperature
tor, should
out of the
calibrated

berformed
9.2.2.2 or

according |toZthe ATT manufacturer's instructions. In addition, one of the procedures given in

9.2.2.3 should be used, if practical.
9.2.2.2 Verification by components

9.2.2.2.1 Temperature element

Use a recently calibrated, portable electronic thermometer (PET) to verify the measurement by the
temperature element. With the cargo tank filled, lower the thermometer to the depth at which the element
is located and move the PET up and down (over a range of approximately 300 mm) until the temperature

© IS0 2024 - All rights reserved
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is stable. The temperature measured by the RTD temperature sensor should agree with the temperature
measured by the calibrated, portable electronic thermometer within 0,75 °C.

NOTE The tolerance is larger than that for shore-tank-based ATT systems because the location where manual
temperature measurements are taken with a portable electronic thermometer (through a vapour lock valve or other
suitable gauging access point) is often not close to the location of the ATT temperature elements, and there are other
additional factors which can result in marine cargo temperature measurement being less precise (see Annex A).

9.2.2.2.2 Temperature transmitter

The ATT, excluding the temperature element, can be verified by using a temperature calibrator (e.g. precision
resistors or a thermal calibrator) to simulate temperature input at three or more temperatures covering the
expected tank operating temperatures. The readout for each temperature element of a multiple-point ATT
should agree with the temperature equivalent of the resistors within 0,25 °C at each temperatugxe

9.2.2.3 erification as a system

As an altefnative to separate calibration checks of the temperature element and thet¥ansmitter,
electronicjthermometer (PET), calibrated immediately prior to verification, may bé used to verify
ATT, prefejrably with the cargo tanks nearly full and all temperature elements.submerged. Since
possibility] that the PET cannot be placed close to the temperature element;-and because slight
temperature stratification can exist, it is possible that the measurement by the thermometer doe
completely.

a portable
the entire
there is a
horizontal
not agree

The tempgrature read by the ATT system (temperature senser./temperature transmitterf{converter,

and reado
thermome

[tis expec
NOTE
temperatuy

point) is off
canresulti

9.3 Cali

9.3.1 Ca

Each poin|
procedure

9.3.2 In

9.3.2.1

Initial ver

t) should agree with the temperature measured by:a recently calibrated, portable
ter within 1 °C.

fed that the PET is calibrated against a reference'fraceable to a national standard.
[he tolerance is larger than that for shore-tank*based ATT systems because the location wh|
e measurements are taken with the PET (through a vapour lock valve or other suitable gau

en not close to the location of the ATT temperature elements, and there are other additional fa
h marine cargo temperature measuremeht being less precise (see Annex A).

pration of multiple-point ATTs for fiscal/custody transfer purposes

libration prior to installation

[ (i.e. temperature-sensing element) of the ATT should be checked following the
described in 9.2\ for single-point ATTs (see 5.3.4 for the required accuracy).

ftial on-board verification at shipyard or during sea trials

Feneral

fication and adjustment procedures at the shipyard or during sea trials should be ac

electronic

ere manual
Bing access
Ctors which

talibration

cording to

the ATT manufacturer’s instructions. In addition, one of the two procedures described in 9.3.Z.
should be followed, if practical.

or 9.3.2.3

9.3.2.2 Verification by components

9.3.2.2.1

Temperature element

[tisrecommended to use arecently calibrated portable electronic thermometer to verify the measurement by
the temperature element. With the cargo tank almost full, the thermometer should be lowered to the depths
at which the RTDs are located and the thermometer moved up and down (over a range of approximately
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300 mm) until the temperature is stable. Each temperature sensor (of a multiple-point ATT) should agree
with the temperature measured by the calibrated portable electronic thermometer within 0,75 °C.

NOTE The tolerance is larger than that for shore-tank-based ATT systems because the location where manual
temperature measurements are taken with a portable electronic thermometer (through a vapour lock valve or other
suitable gauging access point) is often not close to the location of the ATT temperature elements, and there are other
additional factors which can result in marine cargo temperature measurement being less precise (see Annex A).

9.3.2.2.2 Temperature transmitter

The ATT, excluding the temperature element, can be verified by using a temperature calibrator (e.g. precision
resistors or a thermal calibrator) to simulate temperature input at three or more temperatures covering the
expected tank operating temperatures. The ATT readout should agree with the temperature equivalent of
the resistdrs within 0,25 °C at each temperature.

\

9.3.2.3 Verification as a system

As an altel
electronic
entire AT’
an “upper
the tank t
elements.

approxima
is the aver
temperatu

The avera
by the cali

[tis expec

NOTE
temperatu
point) is off
canresulti

9.4 Sub

9.4.1 Gg

A regular
essential ¢
instructio
9.2.2 or 9.

9.4.2 Fr

native to separate calibration checks of the temperature element and thet¥ansmitter,
thermometer (PET), calibrated immediately prior to the verification, éan’be used to
. The tank should preferably be nearly full with all temperature elements submerged
middle-lower” ATT, which automatically adjusts according to the liquid level, does n

be full. It is recommended to take temperature measurements.at.the depths of the te
At each measurement location, the PET should be movedCup and down (over 4
tely 300 mm) until the temperature is stable. The manual-average temperature read |
age of the readings. The average temperature read by the\ATT is the average tempers
re elements submerged in the liquid.

e temperature read by the ATT system should agpee with the average of the tempera
brated PET within 1 °C.

fed that the PET is calibrated against a referénce traceable to a national standard.

[he tolerance is larger than that for shore-tank-based ATT systems because the location wh|
e measurements are taken with the PET- (through a vapour lock valve or other suitable gaul
en not close to the location of the ATT\temperature elements, and there are other additional fa
h marine cargo temperature measurement being less precise (see Annex A).

kequent verification of ATTs

neral

verification pregramme should be established for ATTs used in fiscal/custody tr

is. Each ATT should be inspected and its calibration verified using the procedure d¢g
.2 (initialfield verification).

equency of subsequent verification

a portable
verify the
. However,
ot require
mperature
range of
by the PET
ture of all

fures read

ere manual
Bing access
rtors which

hnsfer. All

omponents ‘Qf<the ATT installation should be checked as recommended by the manyfacturer's

scribed in

The ATT should initially be inspected and its calibration verified at least once per quarter. If operating
experience confirms stable performance within the verification tolerance, the verification schedule can be
extended to once per year.

ATTs used

9.4.3

for fiscal/custody transfer measurement should be verified on a monthly basis.

Record keeping

Full records should be kept of the initial calibration and the periodic verifications of each ATT used for fiscal/

custody tr

ansfer. The records should be kept for a minimum of one year or 20 voyages.
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10 Data communication and receiving

This clause gives recommendations for the specification of the communication between temperature
transmitter(s) and receiver(s) or vice versa.

The remote readout of an acceptable ATT may be used for custody transfer provided that the whole system,
including the remote readout, meets the calibration tolerances given in Clause 5 of this document.

NOTE1 Some readout equipment can be programmed to alarm at high at low temperatures.
NOTE2  Some ATTs do not provide temperature readout locally at the tank.

The ATT should be designed and installed such that data transmission and receiving should:

— notcompromise the accuracy of the measurement, i.e. the difference between the temperatutes displayed
by thg remote receiving unit and displayed (or measured) by the temperature transmitter 4t the tank
should not exceed 0,1 °C,

— not compromise the resolution of the measurement output signal,
— provide proper security and protection of the measured data to ensure its integrity,
— provide adequate speed to meet the update time required for the receiving unit, and

— Dbe elettromagnetically immune.
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