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Foreword

ISO 13398:1997(E)

ISO (the International Organization for Standardization) /is
federation of national standards bodies (ISO member bodies)
preparing International Standards is normally carried -out
technical committees. Each member body interested’in a sub
a technical committee has been established has the'right to bq
on that committee. International organizations;) governmen
governmental, in liaison with ISO, also~take part in thg
collaborates closely with the International-Electrotechnical
(IEC) on all matters of electrotechnical staridardization.

a worldwide
The work of
through 1SO
ect for which
represented
al and non-
work. 1SO
Commission

Draft International Standards adoepted by the technical cofnmittees are

circulated to the member bodies\for voting. Publication as an
Standard requires approval. by at least 75 % of the member b
a vote.

International Standard\1SO 13398 was prepared by Technic
ISO/TC 28, Petroleum products and lubricants, Subcom
Measurement aof'light hydrocarbon fluids.

Annex A forms an integral part of this International Standard. A
information only.

h
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Committee
ittee SC 5,

nnex B is for
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Introduction

Loading and|discharging of LNG to/from an LNG carrier is a closed cycle
operation pefformed by providing a vapour return line linking the tanks on
board and [on shore. This avoids displacement of vapour to the
atmosphere.|In addition, it may involve two or more shore tanks for easier
cargo operatjon. Therefore, it is normal practice to implement the custody
transfer on poard the LNG carrier to ensure more accurate volumetric
determinatiof.
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Refrigerated light hydrocarbon fluids — Liquefied natural

gas — Pracedure for custody transfer on board ship

1 Scop

This Interpational Standard specifies methods of custody transfer of LNG on%“board ship, using a le
ion of liquid level, thermometers for determination of liquid and/er vapour temperature and pressure

determina
gauges fo

2 Norm

The follow
Internation

revision, and parties to agreements based on this “international Standard are encouraged to in

possibility
registers g

ISO 6568:
ISO 6578:

ISO 8309:
gases — |

ISO 8310:
gases — f

ISO 8311
tanks in sf

D

determination of vapour pressure in cargo tanks.

ative references

ing standards contain provisions which, through reference in this text, constitute provi
al Standard. At the time of publication, the -editions indicated were valid. All standards a

of applying the most recent editions of the standards indicated below. Members of IEC and
f currently valid International Standards:

1981, Natural gas — Simple analysis by gas chromatography.

1991, Refrigerated light\hydrocarbon fluids — Measurement of liquid levels in tanks contai
Flectrical capacitance gauges.

1991, Refrigerated light hydrocarbon fluids — Measurement of temperature in tanks contai
Resistance thermometers and thermocouples.

1989, Refrigerated light hydrocarbon fluids — Calibration of membrane tanks and indepeng
pips<—< Physical measurement.

ISO 8943:

1991, Refrigerated light hydrocarbon liquids — Static measurement — Calculation procedureg.

el gauge for

Sions of this
re subject to
estigate the
ISO maintain

hing liquefied

hing liquefied

ent prismatic

1991, Keilrigerated Ilignt nydrocaroorn i1iulds — Sarmpiing or liqueried natural gas — Continuo

s method.

ISO 10574:1993, Refrigerated light hydrocarbon fluids — Measurement of liquid levels in tanks containing liquefied
gases — Float-type level gauges.

3 Defin

For the pu

itions

rposes of this International Standard, the following definitions apply.

3.1 “boil-off’ gas (BOG): Vapour generated from LNG which is stored under nearly atmospheric pressure
conditions at low temperatures (under the influence of heat transfer a certain amount of LNG will evaporate or

“boil-off").
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3.2 closing
and discharg

3.3 custody transfer:

custody transfer:
ing ports respectively.

©1SO

Custody transfer implemented after loading and discharging LNG, at the loading

Measurement of liquid level, liquid and vapour temperature, vapour pressure and analysis

of the composition of LNG to be delivered to/from a tank, by which volume and other data are determined to be a
basis of payment of cost or assessment of the duty.

3.4 custody transfer system on board ship:

A system consisting of a level gauge, thermometer and pressure

gauge, which are used for measurement of liquid level, temperature and pressure of the cargo in tanks for the
purpose of custody transfer.

3.5 opening
and discharg

3.6 thermal

tank to that gt the reference temperature.

4 Gaugin

4.1 Level gauges

4.1.1 Then

Each cargo t
float level ga

4.1.2 Install

The level ga
calibrated to
The gauge rg
the dischargi

4.2 Tempsd
421 Then

To measure
temperature
are mounted

4.2.2 Install

custody transfer:  Custody transfer implemented before loading and discharging LNG,.at {
ng ports respectively.

correction factor: A factor used to correct the volume of LNG at an arbitrary temperature

h instruments

Limber of level gauges

ank shall be equipped with two sets of level gauges, preferably of different measuring princ
ige and a capacitance level gauge.

ation

Liges shall be installed at the locations having little effect of sloshing of LNG, and they sh
indicate the depth of the liquid from.the tank's lowest point irrespective of the shape of the g
ference point shall be set as low &s possible to facilitate measurement of liquid level after di
hg port, and before loading at the loading port.

rature sensors
Limber of temperaturé-sensors

liquid and vapour temperatures of LNG, each cargo tank shall be equipped with fivg
sensors. These temperature sensors shall be supported by spare sensors, for emergency
adjacentdhe temperature sensors.

Ation

he loading

in a cargo

ple: e.g. a

all also be
argo tank.
Scharge at

P Or more
se, which

Two sensors including spares shall be installed at the tank bottom and the tank top, in order to constantly measure
the temperatures of liquid and vapour respectively. The remaining sensors including spares shall be installed at
equally spaced distances between the tank bottom and top.

All the sensors shall be mounted such that they are not affected by the spray of LNG when the spray pumps are in
operation.

4.3 Pressure gauges

The pressure gauges which measure vapour pressure in the cargo tanks shall be either of the type consisting of a
transmitter and receiver or the type with local display.
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4.3.1 The number of pressure gauges

Each cargo tank shall be equipped with a pressure gauge of the transmitter type or of the local display type.

If a pressure gauge, of either type, has been mounted on the vapour header, this can also be used for the purpose
of the custody transfer.
4.3.2 Installation

A pressure gauge shall be set at an appropriate position on the vapour dome and/or the vapour header to
accurately measure vapour pressure in the cargo tank.

A pressur¢ gauge of the Tocal display type or the pressure tfransmitter shall be mounted in an appropriate container
to shelter it from direct spray of seawater.

5 Precautions

This claus outlines the precautions to be taken prior to berthing an LNG carrier ata,loading or discharging port in
order to epsure smooth and accurate custody transfer.

5.1 Maintenance

To implerent custody transfer with an expected precision, the custady transfer system shall always be maintained
in good orfler and condition.

5.2 Prellminary function test

The custogly transfer system shall be functionally tested by means of an appropriate measure such as a test-run just
before commencement of the custody transfer.

5.3 Operation

The custogly transfer system shall be gperated by a skilled ship's officer.

5.4 Use|of a VHF radio

Unless thg custody transfer)system control panels are protected by a barrier there is a risk of electricdl disturbance
which may cause malfunctioning of the system. In this case VHF radios shall not be used near the system control
panels when they are\ih operation.

5.5 Pregautions against malfunctioning of float level gauge

Floats which are wound home at the top of their housing during the voyage shall be put into serviceable condition by
lowering the float on to the liquid surface to allow thermal stability before commencement of the custody transfer.

5.6 Condition of the ship at the time of custody transfer
5.6.1 Pipe lines

5.6.1.1 Delivery lines to be used for loading and/or discharging shall be in volumetrically identical condition at the
opening and closing of custody transfer.

5.6.1.2 Vapour lines which are connected to the vapour header line shall be opened to make the vapour pressure
in all cargo tanks the same.
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5.6.2 Cargo facilities
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In advance of the custody transfer, various cargo facilities such as spray pumps in cargo tanks, BOG compressors,
etc., which may affect the results of the custody transfer shall be stopped.

5.6.3 Trim and list

Trim and list

6 Custod

of the ship shall be kept unchanged while the custody transfer is performed.

transfer

6.1 Metho

This clause s

It is recommg
normally use|
the latter sh3
been correct

6.2 Measurement of liquid level

Prior to meal
draught mark
are required:

6.2.1 Capa

The liquid le
programmed
programme.

6.2.2 Float
6.2.2.1 The

6.2.2.2 The
time of the
respectively.

6.2.2.3 Bef
compared tg

properly.

)

bnded, in principle, to use the same method for opening and closing custody transfer. If the I¢
( is inoperative at the time of opening custody transfer, necessitating use of the alternative le
Il be used again at the time of closing custody transfer even when the level gauge normally
bd.

s or other suitable means. This will verify the ship's trim.and list and whether trim and list
make sure that the ship's vapour lines to the boilers and shore tanks have been closed.

itance level gauge (see ISO 8309)

el in each cargo tank shall be measured at least five times at appropriate intervals which
into the processor unit, or by manual operation where the system has no automatid

evel gauge (see ISO 10574)

liquid level in each cargo'‘tank shall be measured at least five times.

liquid level in the cargo tank shall be kept higher than the floating point of the float level ga

re measurements, the float shall be wound up to the top storage position and the maximum
thatsnoted at the time of the last inspection to ascertain that the float level gauge is

ets out the method of custody transfer by using a capacitance level gauge or a float level gatige.

bvel gauge
vel gauge,
used has

surement of the liquid level, observe the ship's draughts:on the fore, aft, port and starbogrd side by

orrections

have been
scanning

ige, at the

bpening custody~transfer at the loading and the closing custody transfer at the discharging ports,

indication
unctioning

6.2.3 Determination of the corrected liquid level

6.2.3.1 Where the capacitance level gauge is used for measurement of the liquid level in cargo tanks, apply the

trim correctio

ns and the list corrections as required to its arithmetic mean value to obtain the true level.

6.2.3.2 Where the float level gauge is used, in addition to the above corrections, apply a thermal correction factor
to correct the measurement error due to contraction of the float's suspending tape or wire.

If the liquid density of the LNG to be measured is different from that on which the immersion level of the float has
been adjusted, apply the corrected immersion level to correct measurement error due to a change in the float's
immersion level. See A.6.1 and A.6.2.
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NOTE — The particular liquid density of the shipment is unknown at opening and closing custody transfer. The density may
be estimated statistically for tentative determination of the true level, which, if the estimation seems to be inappropriate, should

be corrected later once determination of the density becomes available by laboratory analysis of the shipment sample.

6.3 Measurement of temperature

6.3.1 Timing of measurement

The temperature of liquid and vapour shall be measured immediately after completion of measurement of the liquid

levels.

6.3.2 Sel

6.32.1 T
in LNG in
tanks shal

ECLOM Of tTEMpETature Sensors — (See SO 8310)

he temperature of the liquid shall be measured by using the temperature sensors deemed-to
relation to the liquid level at the time of measurement. An arithmetic mean value through
be calculated.

Determination whether a measured temperature is in the liquid or in the vapour phase shall be based g

position bg

6.3.22 T
vapour ph
cargo tank

etween liquid level and height of the temperature sensors in the cargo tank:

he temperature of vapour shall be measured by using the temperature sensors deemed
ase in relation to the liquid level at the time of measurement. An arithmetic mean value th
s shall be calculated.

Determination whether a measured temperature is in the liquid or in.the vapour phase shall be based g

be immersed
all the cargo

n the relative

to be in the
rough all the

n the relative

position bgtween liquid level and height of the temperature sensogs in the cargo tank.

When megsuring the vapour temperature, if a discrepancy\of the measured value seems to be unrgasonable or
unusual in| relation to the temperature gradient in the cargo tank, recalculate an arithmetic mean value| disregarding
the unsatigfactory temperature.

6.3.2.3 If|a float level gauge is used for determination of the liquid level in a cargo tank, the arithmeti¢ mean value
of vapour [temperature in that cargo tank shall ‘be calculated to provide corrections for thermal contjaction of the
tape or wire due to the difference betweeh. the vapour temperature and calibrated temperature of the float level
gauge.

6.4 Medgsurement of tank pressure

6.4.1 Tinling of measurement

The presspire of cargoitanks shall be measured immediately after completion of measurement of the temperature.
6.4.2 Method ofcalculation

If individual pressures are measured for the respective cargo tanks, an arithmetic mean value shall |

throughout all the cargo tanks. Despite the arrangement specified in 5.6.1.2, each pressure may not always be the

same.

7 Calculation

pe calculated

This clause sets out the method of calculation of LNG, on the basis of volume, mass and thermal unit, which is
loaded to or discharged from cargo tank on board. The calculation should be implemented on the basis of the
components of the shipment which are obtained by gas chromatographic analysis of the representative samples.

7.1

In accordance with the instructions noted in the tank gauge table, obtain the corrected liquid level in millimetres

applying any necessary corrections to the apparent liquid level. Calculate the volume of LNG, in units of cubic
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metres, expressed to three decimal places, in the cargo tanks corresponding to the above corrected liquid level
before and after loading and/or discharging.

If the cargo tank is of the rigid and independent type and the temperature of LNG is not equal to the temperature to
which the tank gauge table refers, on opening and closing custody transfer, the volume of LNG calculated on the
basis of the tank gauge table shall be corrected to the actual temperature by multiplying the volume against the
average liquid temperature by an appropriate factor listed in the table of thermal correction factors.

The volume of LNG in cubic metres loaded or discharged is then calculated as the volumetric difference obtained
from the output of the opening and closing custody transfer measurements.

7.2 The the

rmal value of | NG loaded or discharged shall be calculated in accardance with SO

578:1991,

clauses 3, 5,

7.3 The der

7.4 The ma

and annexes|

For a simple [calculation, the following method may also be applied.
-Q
Qm
where
m is tHe mass, in kilograms, of product transferred, after cerrection for vapour;
Q is tHe gross thermal value of product transferred, in\megajoules, after correction for vapour;
Qm is tHe gross thermal value of a mass basis,.in megajoules per kilogram, of the liquid.
8 Sampling
In case the cpntinuous method is applied, sampling of LNG is referred to 1ISO 8943.
9 Analysis
For analysis pf the compenents in LNG see ISO 6568.

6, 8 and annexes.

sity of LNG, loaded or discharged, shall be calculated in accordance with annexescef ISO 65

5s of LNG, loaded or discharged, shall be calculated in accordance with 1IS@ 6578:1991, cl

78:1991.

auses 5, 7
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Annex A
(normative)

Calculation procedures of correction tables

A.1 Trim correction for prismatic tank

Trim correction is utilized to correct the apparent liquid level measured in a trimmed condition of a ship to that in an
even-keel condition. The correction will either be an addition to or subtraction from the apparent liquid level

depending
even-keel
gauge in g

A.1.1 Calculation procedure

AL111
the liquid |

A1.1.2 H
tank as a f

Al113 A
table, and
difference

Al1.1.4 H
the differe

A.2 List

List corred
upright co
on the ext
listed con
transverseg

A.2.1 Calculation procedure

and trimmed condition and shall not be simply based on an in-tank geometry of installatio
longitudinal direction.

Vith the ship in an even-keel condition, calculate partial filling volumes of aJiquid in a tank as
bvels at 1 cm intervals and tabulate them against the liquid levels.

or a trimmed condition of a ship, calculate in the same manner, ‘partial filling volume of the
unction of the liquid levels at 1 cm intervals and tabulate it against the liquid levels.

t liquid levels of 0,1 m intervals in the even-keel table;,compare the liquid volume with tho
define a liquid level in the trim table of which volume\is equal to the liquid level in the even-k
in millimetres of the liquid levels thus defined is cefrection value.

epeat the comparative volume calculation(as above for all the required trimmed conditions
nces in the liquid levels in relation to therequired trims in the trim correction table.

correction for prismatic tank

tion is utilized to correct\the apparent liquid level measured in a listed condition of a ship
ndition. The correction‘will either be an addition to or subtraction from the apparent liquid lev

dition and shall-not be simply based on an in-tank geometry of installation of the leve
direction.

A211

between an
of the level

a function of

liquid in the

5e in the trim
pel table. The

and tabulate

to that in an
el depending

ent of the list. The list/correction shall be calculated from volumetric differences between anm upright and

gauge in a

Nith the ship in an upright condition, calculate the partial filling volumes of a liquid in a tank

as a function

of the liquidTevels at 1T cm intervals and tabulate them against the Tiquid Tevels.

A.2.1.2 With the ship in a listed condition, calculate in the same manner partial filling volumes of the liquid in the
tank as a function of the liquid levels at 1 cm intervals and tabulate them against the liquid levels.

A.2.1.3 At liquid levels of 0,1 metre intervals in the upright table, compare the liquid volume with those in the list
table, and define a liquid level in the list table of which volume is equal to the liquid level in the upright table. The

difference

in millimetres of the liquid levels thus defines is a correction value.

A.2.1.4 Repeat the comparative volume calculation as above for all the required listed conditions and tabulate the
differences in the liquid levels in relation to the required lists in the list correction table.
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A.3 Trim correction for spherical tank

A.3.1 Calculation procedure

See figure A.1.

Key

V s the vol

V’ is the vol

c is the cor
c=R-(H

where
c is th
R isth
g isth
h isgi
I is th

Fore

ime of the liquid in an even-keel condition andthe liquid level is represented by g — ¢
me of the liquid in a trimmed condition and.the liquid level is represented by g
Fection value for an apparent liquid level\caused by a ship's trim and can be calculated by the followin

—h)ycos6-g

P correction value in millimetres;

e radius, in millimetres,-of a spherical tank;

e observed level{inymillimetres, in a timmed condition;

enby g-1Itan'g;

b |ongitudinal distance, in millimetres, between the tank's vertical axis and the level gauge.

Figure A.1

©1SO

) equation
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