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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

elect

rotechnical standardization.

The

desc
diffe
editd

recedures—tsed—to—develop—thisdocumentand-those—intendedforitsfurtherimait
ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria rie
rent types of ISO documents should be noted. This document was drafted in accorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

tenance are
eded for the
hce with the

Attention is drawn to the possibility that some of the elements of this documént may be the subject of

patel

any j
on th

Any
cons

For
asseq
Barr

The
Subc|
gase

This
mingd

it rights. ISO shall not be held responsible for identifying any or all suchpatent right
atent rights identified during the development of the document will be in the Introdu
e ISO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to
sment, as well as information about ISO’s adherence to the WTO principles in tH
ers to Trade (TBT) see the following URL: Forewdrd - Supplementary information

committee responsible for this document-is ISO/TC 28, Petroleum products and
pmmittee SC 5, Measurement of refrigexated hydrocarbon and non-petroleum bas
bus fuels.

second edition cancels and replaces,the first edition (ISO 10976:2012), of which it @
I revision.

5. Details of
ction and/or

nd does not

conformity
e Technical

| lubricants,
ed liquefied

onstitutes a

© ISO

2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=63fef4af19757d346186c5e866694ff2

ISO 10976:2015(E)

Introduction

This International Standard provides accepted methods for measuring quantities on liquefied natural
gas (LNG) carriers for those involved in the LNG trade on ships and onshore. It includes recommended
methods for measuring, reporting and documenting quantities on board these vessels.

This International Standard is intended to establish uniform practices for the measurement of the
quantity of cargo on board LNG carriers from which the energy is computed. It details the commonly
used current methods of cargo measurement, but is not intended to preclude the use or development
of any other technologies or methods or the revision of the methods presented. It is intended that the
reader revigwidetat-thelatesteditionsof-the-ptblicationsstandards-and-documentsreferereed in

this Internagional Standard in order to gain a better understanding of the methods described.

This Interngtional Standard is not intended to supersede any safety or operating practices recommended
by organizations, such as the International Maritime Organization (IMO), the Internationtal Chamhber of
Shipping (1(S), the Oil Companies International Marine Forum (OCIMF), the Internatidnal Group of LNG
Importers (GIIGNL) and the Society of International Gas Tanker and Terminal Opérators (SIGTTQ), or
individual gperating companies. This International Standard is not intended t0 supersede any ¢ther
safety or enyironmental considerations, local regulations or the specific provisions of any contracf.

The International System of units (SI) is used throughout this International Standard as the primary
units of measure since this system is commonly used in the industry for these types of cargoes.
However, as|some LNG carrier tanks are calibrated in US customaryhnits and some sales and purchase
agreements|(SPA) are made in US customary units, both SI and US:customary equivalents are shown.
Proper unit| conversion is intended to be applied, documented-and agreed upon among all pdqrties
involved in the LNG custody transfer.

vi © ISO 2015 - All rights reserved
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Refrigerated light hydrocarbon fluids — Measurement of
cargoes on board LNG carriers

1 Scope

This International Standard establishes all of the steps needed to properly measure and account for

the quamtitiesof targoes o Hgquetied maturat gas tENG)Tarriers: Thisinciudes,; butis ot iimited to, the

meas
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ISO 8943, Refrigerated light hydrocarbon fluids =~Sampling of liquefied natural gas — Col
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3.1

Normative references

urement of liquid volume, vapour volume, temperature and pressure, and accountitg
tity of the cargo on board. This International Standard describes the use of comton m
ms used on board LNG carriers, the aim of which is to improve the general kng
psses in the measurement of LNG for all parties concerned. This International Standd
Fal requirements for those involved in the LNG trade on ships and onshore,

following documents, in whole or in part, are normatively/referenced in this docun
pensable for its application. For dated references, only<the edition cited applies. |
ences, the latest edition of the referenced document (incldding any amendments) appl

8310, Refrigerated hydrocarbon and non-petroleum~based liquefied gaseous fuels
rements for automatic tank thermometers on boandimarine carriers and floating storage

nittent methods

18132-1, Refrigerated hydrocarbon .and non-petroleum based liquefied gaseous fuels
rements for automatic tank gauges(=— Part 1: Automatic tank gauges for liquefied na
1 marine carriers and floating storage

0533, Electrical and electronicinstallations in ships — Electromagnetic compatibility

160, Installations and equipment for liquefied natural gas — General characteristics
ral gas

Unified Requirenients E10

[erms, definitions and abbreviated terms

Terms and definitions

for the total
easurement
wledge and
rd provides

ent and are
For undated
es.

— General
tinuous and
— General

fural gas on

of liquefied

For the purposes of this document, the following terms and definitions apply.

3.11

abso
total

lute pressure
of the gauge pressure plus the pressure of the surrounding atmosphere

3.1.2

aerating
<context of preparing a tank for entry> introduction of fresh air with an acceptable dew point into the
tank to purge inert gases and to increase the oxygen content to approximately 21 % of volume so as to

ensu
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3.1.3

approved equipment

equipment of a design approved by a recognized authority, such as a governmental agency, classification
society or other accredited agency which certifies the particular equipment as safe for use in a specified
hazardous atmosphere

314

automatic tank gauge

ATG

instrument that automatically measures and displays liquid levels or ullages in one or more tanks,
either continuously, periodically or on demand

3.1.5
automatic ank thermometer
ATT
instrument |that automatically measures and displays the temperature of the contents in a fank,
continuously, periodically or on demand

3.1.6
boil off
process of eyaporation of a liquid resulting from heat ingress or a drop in préssure

3.1.7
boil-off gas
vapour produced by boil off

3.1.8

cool down
process of reducing the temperature of equipment, such-as piping, transfer arms and tanks assocjated
with custodly transfer cargo movements, to required eperating temperatures

3.1.9
constant pressure/floating piston sample container
CP/FP sample container

sample container, usually used for intermittent sampling, capable of maintaining constant pregsure
during the sampling of gas from the pregess line into the gas cylinder

[SOURCE: IS0 8943:2007, 3.4, modifted]

3.1.10
continuous|{sampling
sampling from gasified KNG'with constant flow rate

[SOURCE: IS0 8943:2007, 3.5]

3.1.11
drying
process of reducing the moisture in the ship tank by displacement or dilution with an inert gas or by the
use of a drying system

3.1.12

filling limit

filling ratio

quantity to which a tank may be safely filled, taking into account the possible expansion (and change in
density) of the liquid

Note 1 to entry: Filling limit (i.e. volume) and filling ratio are expressed as a percentage of the total capacity of a
tank.

2 © IS0 2015 - All rights reserved
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3

gas codes
regulations on the construction of ships carrying liquefied gases developed by the International
Maritime Organization

Note 1 to entry: These include the IMO International Code for the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk (IGC Code) (generally applies to ships built after 17 July 1986), the IMO Code for Construction
and Equipment of Ships Carrying Liquefied Gases in Bulk (GC Code) (generally applies to ships built on or after 31
December 1976 but prior to 17 July 1986) and the IMO Code for Existing Ships Carrying Liquefied Gases in Bulk
(generally applies to ships delivered before 31 December 1976), as applicable to each vessel.

3.1.1

4

gas§
samy

ample container
le container, usually used for continuous sampling and used for the retention of thg

and for its transfer to an analysing instrument

[SOU

3.1.1
gass
proc

RCE: ISO 8943:2007, 3.6]

5

ing up
bss of replacing an inert atmosphere in a cargo tank with the vapour from shore or fj

cargp tank to a suitable level to allow cooling down and subsequent loading to achievg
envifonment with at least a defined methane (CHy), carbon dioxidé (CO3) and oxygen (O2) d
3.1.16

heel

amonunt of cargo retained in a cargo tank prior to loading or after discharge

3.1.17

inerting

intrqduction of inert gas into a tank with the object of attaining the inert condition

3.1.18

intermittent sampling

samy
[SOU

3.1.1
lette
lette
whic
time

3.1.2
LNG
carg

RCE: IS0 8943:2007, 3.9]

9
r of protest

- issued by any pasticipant in a custody transfer citing any condition with which issue
h serves as a written record that a particular action or finding was observed/quest
of occurrence

0
carrier
b ship specifically constructed and used for the carriage of LNG in bulk

gas sample

om another
a specified
ontent

ling from gasified LNG with predetermined intervals or with predetermined flow amoynt intervals

is taken and
joned at the

3.1.21

LNG
appa

[SOU

© ISO

sample vaporizer
ratus to completely gasify the LNG sample collected from the LNG transfer line

RCE: ISO 8943:2007, 3.11]
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multiple-spot ATT

multiple-point ATT
ATT consisting of multiple spot temperature element sensors to measure the temperature(s) at selected
liquid level(s)

[SOURCE: IS

04266-5:2002, 3.4, modified]

Note 1 to entry: The readout equipment for a multiple-point averaging ATT averages the readings from the
submerged temperature elements sensors to compute the average temperature of the liquid in the tank, and can

also display t

he temperature profile in the tank.

3.1.23

notice of ap
notice issue|
which serve

3.1.24

offline ana
procedure d
sample cont

[SOURCE: IS
3.1.25

parent discrepancy
d by any participant in a custody transfer citing any discrepancy in cargo quantitiey
s as a written record that such a discrepancy was found

ysis
f analysis implemented on the representative sample gas that isconee charged into
@iner or a CP/FP sample container

0 8943:2007, 3.13]

online analysis

procedure
pipelines or

[SOURCE: IS

3.1.26
online gas ¢
gas chromg
online analy

[SOURCE: I§

3.1.27

seal water

water used
atmosphere

[SOURCE: IS
3.1.28

f analysis implemented using analytical equipment that is directly connected thr
other means to the sampling device

0 8943:2007, 3.14, modified]

thromatograph
tograph that is directly connected to the pipelines or sampling device to imple
Sis

0 8943:2007, 3.15]

in the water seal-type gas sample holder to preclude contact of the gas sample wit

0 8943:2007, 3.19]

tank capac
numeric tab

3.1.29
vapour

ty'table

and

h gas

ough

ment

h the

les-that relate the ]iqnid level in a tank to the volume contained in thattank

fluid in the gaseous state that is transferred to/from or contained within the cargo tank

3.1.30
vapour pre

ssure

pressure at which a liquid and its vapour are in equilibrium at a given temperature

3.1.31

verification
process of confirming the accuracy of an instrument by comparing to a source with known accuracy

© ISO 2015 - All rights reserved
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3.1.32
warming up
process of warming the cargo tanks from cargo carriage temperature to required temperature

3.1.33

waterless-type gas sample holder

holder without seal water (typically using an expandable/contractible, transformable rubber
membrane) and used for collecting gasified LNG

[SOURCE: ISO 8943:2007, 3.22]

4
3\;;6 r-seal-type gas sample holder
holdé¢r with seal water used for collecting gasified LNG
[SOURCE: I1SO 8943:2007, 3.23]
3.2 | Abbreviated terms
API American Petroleum Institute
ATG Automatic tank gauge
ATT Automatic tank thermometer
BOG Boil-off gas
CTM{ Custody transfer measurement system
EMC Electromagnetic compatibility
FSRU| Floating storage and re-gasification unit
GCU Gas combustion unit
GIIGNL Groupe International.des Importateurs de Gaz Naturel Liquéfié
GNG Gaseous naturalgas
GPA Gas Processors Association
IACS International Association of Classification Societies
IAPH [nternational Association of Ports and Harbors
ICS International Chamber of Shipping
IEC International Electrotechnical Commission
IGC Code International Gas Carrier Code
IMO International Maritime Organization
ISGOTT International Safety Guide for Oil Tankers and Terminals
ISO International Organization for Standardization
LNG Liquefied natural gas
LNGC Liquefied natural gas carrier
MPMS Manual of Petroleum Measurement Standards

© IS0 2015 - All rights reserved 5
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MSDS Material safety data sheet

0BQ On board quantity

OCIMF Oil Companies International Marine Forum

ROB Quantity remaining on board

SI International System of Units (Systeme International d’Unités)
SIGTTO Society of International Gas Tanker and Terminal Operators Limited
SPA Sales and purchase agreement

VEF Vessel experience factor

4 Generjal operating safety precautions and regulatory requirements

4.1 Genefal

This Clause applies to all types of measurement on board LNG carriers. However, while these precaufions
represent safe operating practices, they should not be considered ,cofmplete or comprehensivie. In
addition to those listed in this International Standard, reference should be made to all safety precaufions
contained if} any relevant governmental, local or company operating guidelines.

IMPORTAN[T — Anyone working with the vessel’s measurement equipment shall be, at all tlEnes,
under the direction and supervision of the Master of the vessel or its designated representative
and be proIerly trained in its use.

Personnel ipvolved in the handling of liquefied natural gas should be familiar with its physical and
chemical claracteristics, including potential for\fire, explosion, cryogenic burns (frostbite)| and
reactivity, ds well as the appropriate emergency procedures. These procedures should comply |with
the individyal company’s safe operating practices, in addition to local, state and federal regulations,
including thpse covering the use of proper protective clothing and equipment. Personnel should bejalert
in order to gvoid potential sources of ignition.

SIGTTO pullications Liquefied Gas'Fire Hazard Management and Liquefied Gas Handling Principles on
Ships and in| Terminals should belconsulted to ensure familiarity with the characteristics and hazards
of LNG, all fifre protection and-firefighting equipment on board LNG carriers along with the approgriate
fire hazard management plan.

API Standajrd 2217A sand any applicable regulations should be consulted where entering|into
confined sppces.

Information|regarding particular material safety and conditions should be obtained from the employer,
manufacturgf-or supplier of that material or the material safety data sheet (MSDS).

LNG is carried and handled at extremely low temperatures. The very nature of liquids at very low
temperatures is a hazard, added to which LNG itself has properties that shall be taken into account at
all times. Any party involved in handling operations shall read and act on information contained within
the appropriate MSDS and supporting documents.

Nothing contained in this International Standard is intended to supersede any regulatory requirements
or recommended operating practices issued by the vessel’s flag administration, classification societies
or organizations, such as IMO, SIGTTO or OCIMF, or individual operating companies. This International
Standard is not intended to conflict with any safety or environmental considerations, local conditions
or the specific provisions of any contract.

Accordingly, the latest editions of relevant IMO, SIGTTO, API and OCIMF publications, and, in particular,
the latest editions of the ICS Tanker Safety Guide — Liquefied Gas, the OCIMF/ICS/1APH International

6 © IS0 2015 - All rights reserved
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Safety Guide for Oil Tankers and Terminals (ISGOTT) and SIGTTO Liquefied Gas Fire Hazard Management
should be consulted for applicable safety precautions.

Any changes to measurement systems require the approval of the vessel’s flag administration
and/or classification society and require external verification of accuracy by a competent metrological
authority for LNG custody transfer measurement purposes.

All described equipment shall meet minimum requirements as detailed by the vessel’s flag

administration and classification society.

4.2

Electrical equipment classification

All tlneasurement equipment used shall be approved equipment (see 3.1.3), which

intri
meay
mari

Ine safety codes and regulations.

urement equipment shall be designed and installed to meet applicable national’and i

is certified

nsically safe or otherwise approved for its intended use, including appropriate gtoundjiing. Also, all

hternational

4.3 | Electromagnetic disturbance

All cistody transfer measurement systems (CTMS) shall be designed forelectromagnetic cpompatibility
(EM(), complying with user requirements and other proper standafds. This means that the equipment
shall{ neither interfere with nor be affected by interference fromother equipment. Requifements and
testsshall be in accordance with IACS Unified Requirements £10’and IEC 60533.

4.4 | Maintenance

All njeasurement equipment shall be maintained in safe operating condition and in compliapce with the
manfifacturers’ instructions.

4.5 | Service conditions

All measurement equipment shall be capable of withstanding the vibration, pressure, t¢

hum
carr

4.6

All measurement equipment shall be constructed with appropriate materials suitable for

serv

applicable regulations.

dity and other environmental“operating conditions likely to be encountered
er’s service.

Compatibility

ce in accordarce-with the appropriate gas codes (see the note in 3.1.13) or EN 116

Pmperature,
in the LNG

use in LNG
D, and other

4.7 | Persomnnel protection
All petrsonnel involved in LNG cargo activities should wear the appropriate personnel protective
equipment Tequired for the operation and be trained in itS proper Use. Ihney should atso be trained

regarding the inherent hazards of LNG, as required by the ICS Tanker Safety Guide — Liquefied Gas and
the LNG material safety data sheet (MSDS).

4.8

Procedures

An adequate work procedure shall be established and available as guidance for safe work by the ship
and terminal personnel.

© ISO
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5 Measurement systems and equipment

5.1 General

Determination of cargo quantities on board an LNG carrier by the static measurement method requires
measurement of the liquid level (which is the liquid/vapour interface) as well as the pressure of the

vapour and average liquid and vapour temperature of each cargo tank. The volume of the liquid ¢

argo

is calculated using the tank capacity table with any necessary corrections made. The custody transfer

measurement system (CTMS) includes the following:

a) cargo tank capacity tables;

b) inclinometers and/or draft gauges;
c) automatic tank gauges (see 3.1.4);
d) multiplg-spot ATTs (see 3.1.22);

€) pressurg sensors;

f) a CTMS|computer.

NOTE A§ LNG quantities are generally transferred in units of energy, an automatic sampler system, typjically
located onsh¢re, provides a representative sample of the cargo, which is analysed for the determination of fargo

quality, inclufling density by compositional analysis using a gas chromatograph.

To determime the quantities of cargoes on board LNG carriers, the amount of liquid in each
shall be determined. The factors needed to accomplish this‘nclude a calibrated tank as well as 1
level, pressuire, temperature and trim/list measurement.equipment. The tank gauging systems
shall be of the closed type. The most commonly used:€guipment is described in this clause. Cert

tank
quid
used
ified

systems other than those described in this International Standard may be used for custody trahsfer

measuremet if the accuracies of each can be ascertained and if the SPA permits their use.

5.2 Measurement equipment performance

The perforinance criteria of the prin¥ary and secondary equipment used to determine meas
variables arje established in Internatienal Standards, governmental regulations, SPAs, manufacty

ured
rers’

instructiong and calibration certificates, and are limited by the uncertainty of the instrument. In the
absence of gpecified tolerances,the maximum permissible error from certification shall meef the

tolerances described in Table 1:

Table 1 — LNG measurement equipment performance criteria

Tolerance Display resolution
Lével +5,0 mma 1 mm
Pressure +0 3 kPa 01 kPa
Temperature
<-145°C 0,2 °C 0,1°C
>-145°C +1,5°C 0,1°C
Draft reading +50 mm 10 mm
List (inclinometer) +0,05° 0,01°
a  Some existing ATGs are not able to meet this verification tolerance, in which case a
verification tolerance of +7,5 mm may be applied.

8 © IS0 2015 - All rights reserved
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5.3 Calibration and certification of measurement equipment

All specified measurement equipment used on board an LNG carrier shall be certified prior to initial
use. Subsequently, measurement equipment and systems shall be re-calibrated and re-certified on a
periodic basis, subject to SPA or national requirements. Measurement equipment shall be re-certified
where modification or repairs are carried out and which affect the accuracy of the measurement data.

The components of the CTMS and the accuracy of the quantity calculation of the CTMS shall be certified
by a recognized inspection body.

Calibration and re-calibration shall be performed by a quahfled techn1c1an and witnessed by an
1nde

Man
ofter
relat
be w
incof

Calib
whic|
54

In ad
shall

The

as one means of verification. The results of this comparison should be recorded and tra

vess
char

Othe

against a reference standard devige. Trim/list gauges, such as inclinometers or draft gauge

level
or ot

Whe
repa
at cr
fault

Whe
verif]
of ca

facturers of the measurement equipment and systems may participate in thé calibr

ed measurement system. For measurement equipment and systems, the calibration Y
itnessed by the parties or their appointed independent inspector, who.should be res
porating the results in the certificate issued.

ration shall cover the local and remote readout, and data transmission to ensure the
h may consist of components of the measurement subsystem(s),-delivers the specified

Verification of measurement equipment between dry dockings

dition to calibration during each dry docking, all measurement devices used in cust
be checked before use at each loading or dischargeto ensure they are in good working

fomparison of the primary and secondary measurement device within a tank should b

] operator. One method of evaluating the results is through the use of a control chart
s, see B.3.

r devices may be verified while the ship is in service. For example, pressure gauges ma

corrections) may be verified/calibrated at even keel by comparison to manual draft m¢
her equivalent procedur®.

e equipment is suspector has failed, secondary devices shall be used in its place until the
red or verified tgbein good working order. For example, in situ temperature verificatior
yogenic conditions is not practicable; therefore, temperature sensors which have been
y when verifi€d during normal operation shall be replaced as soon as practicable.

e the_nleasurement equipment can be verified against a known value, the res

libration, use of the secondary measurement system should be considered in acco

y witnessing

htion, which

require setting, maintenance or replacement prior to final calibration of thé&équipment and the

work should
ponsible for

equipment,
Accuracy.

bdy transfer
¢ condition.

e performed
cked by the
For control

y be verified
5 (if used for
asurements

bquipmentis
/calibration
shown to be

ults of this

ication~should be recorded and tracked. If the primary measurement system is found to be out

"dance with

cont

b SF o] g

5.5

3
aCTOdT agT CCTIICTIt

Inspection of measurement equipment during transfer operations

Prior to and during a custody transfer, the involved parties or an appointed independent inspector
should inspect the measurement equipment described in 5.1 to ensure that it is fully functional, and
should also identify any deficiencies. The ship’s records should be reviewed to determine whether the
calibration certificates are valid and current.

Exceptions and malfunction of measurement equipment, if any, prior to and during a custody transfer
should be immediately reported to the LNG carrier operator and the involved parties.

Upon specific request by the involved parties, on board testing, checks or verification may be carried
out on the measurement devices in question, and the results should be documented.
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5.6 Static measurement systems and equipment

5.6.1 Gen

eral

Static measurement systems and equipment are those individual systems and equipment which are

used to mea

sure cargo in the tank. They include the following components (see 5.6.2 to 5.6.9).

5.6.2 Tank capacity tables

5.6.2.1 General

An independ
the building
according td

Tank capaci

a) main gquge tables correlating liquid level and volume under reference conditiens, and

b) correct

measur

The tank caj
made by th
contained irj

Accuracy in
capacity talj
developed a
regulatory 1

For each LN|
gauging dey
this may be
a single cap
each ATG an
reference hg

Each set of t
— be certi

state th

identifyj]

(G carrier, there is a tank capacity table applicable to each custody transfer automatic

ent company usually performs the calibration and generates the tank capacity tablesdy
of the LNG carrier. They take into account the configuration of the tank, its contra
the temperature of the liquid, and the volume occupied by various devices, e.g-cargo pu

Ly tables are divided into

on tables or methods, taking into account actual conditions of‘the LNG carrier an
ng instruments.

pacity tables and related information, including measurements carried out and observa
e party performing the tank calibration and traceability of the equipment used, m{

iring
ction
mps.

d its

kions

ly be

determining cargo tank quantities is directly rélated to the accuracy of the LNG car
les. Therefore, the LNG carrier’s cargo tanksishall be measured and tank capacity t
nd maintained in accordance with API, ISO.0r other internationally recognized standa
equirements.

ice (ATG) for each tank. For a typical tank equipped with a primary and secondary
presented as two separate capacity tables, each with its own set of correction tables
hcity table based on the primary level device location, with separate correction tablg
d an offset correction for(the secondary level device to account for any differences in g
ight.

ank capacity tables@nd related correction tables or methods shall
fied as meeting the standard used,

e volumetric uncertainty of the capacity,

a tank calibration report. Additional discussion is provided below in 5.6.2.2 to 5.6.2.1.

the calibration method within the tank capacity tables or in the tank calibration repof

rier’s
hbles

ird or

tank
ATG,
or as
s for
auge

include

xamples illustrating their intended use

be docu

mented in English, with any additional languages optional, and

be made available in printed form.

An example of a tank capacity table for a spherical tank is given in Annex C. The same principles
generally apply to those vessels with prismatic tanks.

Each set of tables shall include corrections for trim, list, thermal effects and any measurement
equipment adjustments as necessary to accurately adjust the quantities observed in the tank to the
tank conditions at the time of measurement. In addition, for each tank, the tank capacity tables shall
include certified values for any measured level used for verification of the tank gauging system. Tank
tables shall indicate the location of the primary and secondary level gauge (i.e. the gauge reference
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points). One or more examples shall be included in the tank calibration report or tank capacity table
indicating the correct use and interpretation of any correction tables.

Such tables shall be made available to personnel performing the measurements as needed. If such tables
are not made available or cannot be verified, a letter of protest noting the situation shall be filed at the

time of measurement.

NOTE

Tank calibrations reports typically state the tank’s volumetric uncertainty at ambient temperature to

be +0,2 % or better, which translates to a maximum uncertainty for a tank of 26 000 m3 of +52 m3 LNG.

5.6.2.2 Tank capacity tables resolution

TanK
level

a)

b)

See]

5.6.2

The

nece
This
uniq

Thes|
heiglt reading, the correction forlist and the correction for trim. These tables are made u
for t
corrg

See Tl
a list

5.6.2

Ther]
tank
tank

capacity tables shall be capable of being read to a resolution of 1 mm throughout

tlables showing volumes for each centimetre of gauge height, with volufmes for eac}
¢orresponding to the normal ranges during opening and closing of gauges (i.e. near
Ibottom of the tank);

1
1

ables showing volumes for each centimetre of gauge height with the incremental voly
ow;
lables showing volumes for each millimetre of gauge height throughout the total volumg

able C.1 for an example of a section of a spherical tank)¢apacity table.

.3 List and trim correction tables

main gauge tables are established for an NG carrier with zero list and trim. Thg
5sary to correct the gauge height reading to take into account a list or a trim which|
correction differs depending on the. position of the gauging device relative to the tan
le corrections are required for eacli.different ATG.

he list and in metres fer.the trim, with fixed steps of variation. For intermediate]
bction is calculated by-interpolation.

[able C.2 for a sample’section of a trim correction table; see Table C.3 for an example of
correction tabte,

.4 Tankthermal correction tables

mal correction tables shall be provided for self-supporting tanks and may be requir
designs. The corrections are related to the volume variations resulting from the contr

e corrections can be positive or negative. So the real height is equal to the algebrai¢

the range of

5 commonly encountered during opening and closing gauges. In practice, this isCusudlly achieved
by tank capacity tables in any one of three formats:

1 millimetre
the top and

me for each

of the tank.

refore, it is
is not zero.
K; therefore,

sum of the
b in degrees
values, the

a section of

ed for other
hction of the

o ot tha oo ypra afiba liaid S d aocnnyc b ocng Con Tollla CC £ o oo

rdin N + 1d o d
a\,\,\.u blllls LU LIIC Lbllll.l\zl Cl\.bll © Ul LAA\/ lll/lbllu oulu EQD\/UMJ Pllao\/.) JUL 1dUIL GU.J 1TUTIN doSd

of a thermal correction table for the tank shell.

5.6.2.5 Level gauging device thermal correction tables

mple section

Thermal correction tables may be provided for LNG carriers with level gauging devices of certain
types. Such tables attempt to correct the level gauge reading for the effect of temperature, based on
the difference between the reference conditions during calibration versus the operating temperature.
Corrections may be applied automatically or may have to be applied manually.

For example, the corrections may take into account the shrinkage of the float tape or wire according to
the temperature of the gaseous phase and the height of the liquid and the movement of the reference
gauge height.
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See Tables C.4 and C.6 for examples of sections of thermal correction tables for a radar-type level gauge
and float-type level gauge, respectively.

5.6.2.6 Density correction tables

Density correction tables may be provided for float-type level gauges to compensate for the float
buoyancy as it varies with LNG density. See Table C.7 for an example.

5.6.3 Trim and list measurement

5.6.3.1 G
Tank capaci
— taking

measur

The impact

centralized |
the measurd
large distan

5.6.3.2 Ti

Where incli
used to meq|

Inclinomete
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technology
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Verification
tolerance re|

from structyiral bending differences between the inclinometer location and the individual tank loca

for the statd

5.6.3.3 Tr

An alternat
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digital comi

meral

Ly tables are based on the ship being on an even keel. Trim and list shall be determined
he draft fore and aft (either manually or by measurement), and/or

ng the list of the LNG carrier.

pf trim and list varies with the tank type. On an LNG carrier with spherical tanks, due 4

d quantities. However, for a membrane tank LNG carrier, the trimgorrection is affected b
Ce from the tank centre to the typical position of the level gaugé near the aft tank bulkhe

im and list by inclinometer

hometers are used in LNG carrier service, they afé predominantly two-axis type an
sure trim and list, although they may also be uséd to measure either individually.

's measure trim and/or list based on gravitational principles. The most common mef]
hince based; otherwise, they make usg,of electrolytic technology, where a liquid
signed and closed chamber is moving, Other types exist, but only those with servo-ass
hind an inertial mass/optical sensorwithin a servo feedback loop give sufficiently accy
heasurements. These are electronic instruments which can communicate with the C
sing digital signals.

tolerances for inclinometers are provided in Table 1, but it should be noted thaf]
presents the combined influence of inclinometer uncertainty and the possible contribu

of load of the LNG'carrier.

im and list by draft measurement

ve to inclinometers is draft (alternative spelling: draught) measurement. The draft
d mantially or automatically, with an electro-pneumatic draft measurement system
hUnication) being common.

o the

ocation of the level gauge on the tank, trim and list have a minor impact on the uncertaingty of

y the
nd.

l are

hods
in a
isted
irate
TMS,

this
ions
ions

E

may
with

B.4 outlines

5.6.4 Tan

the process for taking draft readings of the vessel to determine trim and list.

k gassing-up tables or means of determination

After lay-up or dry dock, the LNG carrier cargo tanks are filled with nitrogen or other inert gas. If the
cargo tanks contain nitrogen, the cool-down process may begin without purging. In order to be in a
condition to receive cargo, inert gas may need to be purged with LNG vapour prior to cool down to
eliminate high boiling temperature gases, such as carbon dioxide.

LNG carriers usually have gassing-up tables or formulae which are used for determining the quantity of
LNG required to gas up the cargo tank(s). These tables give an estimation of the LNG quantity used to gas
up the cargo tanks by applying a displacement ratio depending of the type of the cargo tanks (usually
between 1,4 and 1,8 for prismatic tanks, and between 1,1 and 1,4 for Moss tanks). Gassing-up tables are
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usually provided by the tank manufacturer or shipbuilder and should be certified by the class society or
an independent company. Some shore terminals rely on meters as means to measure such quantities.

5.6.5 Tank cool-down tables or means of determination

5.6.5.1 General

LNG carriers have cool-down tables or formulae, which are used for determining the quantity of LNG
required to cool a tank down to a specified temperature. Cool-down tables are usually provided by
the tank manufacturer or shipbuilder and should be certified by the class society or an independent

COMpany. Other methods, such as those nmp]nying spray nozzle flow rate and duration qr quantities

meagured by meters, may be used.

5.6.3.2 Cool-down tables

Coolidown tables are based on a specific LNG composition and, therefore~care should [be taken to
ensufre that the composition and heating value therein are appropriate for the cargo to be lpaded.

5.6.3.3 Spherical and membrane cargo tanks

The |cool-down requirements for a spherical design LNG tanKer differ from membrane tank LNG
tankers, mostly with respect to the required cool-down temperature.

Spherrical tank designs can require that a specific temperature be achieved at the tank equator prior to
loading, for example between -110 °C and -125 °C.

Cool|down of membrane tanks may be considered complete once the average of the four lowest sensors
reach an appropriate temperature such as -130.°€;or lower.

In addition to the foregoing cool-down requirements, terminal operators may impose othg¢r tank cool-
down temperature requirements on the vessel prior to commencing loading operations.

See Table C.8 for an example of spheriical tank cool-down tables.

5.6.3.4 Cool-down table calculation basis

The following informatiom~should be included as part of the tank calibration report or a§ part of the
cool{down table:

a) ¢argo tank voldme (100 %) including liquid dome;

b) individual-sprayer flow rate;

c) numberof sprayers to be used for cool down;

d) LNGcomposition.

5.6.6 Liquid level measurement equipment

5.6.6.1 General

At least two independent means of determining liquid level shall be available for each cargo tank. The
primary and secondary level measurement systems shall be independent, such that the failure of one
does not affect the other. The systems shall include a provision for an audit trail to record all changes
and security to prevent unauthorized changes. The systems installed shall be consistent with the IGC
Codes and suitable for the cargoes being carried. See IGC Code, Chapter 19.

The ATG system, also referred to as an automatic level gauging system, shall meet the accuracy,
installation, calibration and verification requirements of ISO 18132-1, as well as the requirements of
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the vessel’s flag administration and classification societies, where applicable. Examples of automatic
level measurement technologies applicable to LNG custody transfer include but are not limited to

a) radar (microwave) gauges,
b) float gauges, and
c) capacitance gauges.

Other technologies, such as laser level gauges, are available, but not yet in common usage for LNG
custody transfer measurement. Technologies continue to develop and could become more widely used
in LNG service in the future. These systems may be used for custody transfer, subject to agreement by

all parties involved.

The installa
for a differe

Lion of a new automatic tank gauging system may also require a correction factor to acqg
ht gauge reference height.

5.6.6.2 Radar (microwave) gauges

The location
of the gaugg
contraction
expansion s
pressure an
the manufad

A transmitt
the surface
transmitter
distance of {
in the ATG s

5.6.6.3 Fl
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use; if left d
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respect to t

of the radar level gauge transmitter on the tank is an important consideration. The pos
mounting with respect to the tank’s datum point can be subject, tothe effects of tank
expansion due to temperature changes in the tank. Correctionfor tank shell contracti
hould be applied where necessary. Compensation for the effécts of trim, list, temperd
 vapour-phase composition shall be applied to observedeadings, as appropriate, basg
turer’s specifications. For additional details, see 6.2.6:2\

er is mounted on the top of the cargo tank and emits radar waves vertically down tow
of the liquid (see Figure 1). The signal is reflected from the surface, received by

he liquid surface from the transmitter and\the resultant ullage is converted automat
ystem to innage for display.

pat gauges

ed level gauges consist of a float attached by a tape or wire to an indicating device y
hged for local and remotereadout (see Figure 2). The float may operate in a guide tu

Float gauges may hav€ igolation valves fitted such that the float can be maintained
here, while the vesselTs in service. The float shall be lifted from the liquid level where 1
bwn, liquid sloshing;while at sea, can damage the tape-tensioning device.

huges, it is necessary to take into account the shrinkage of the tape or wire exposed t
m with the.témperature of the gaseous phase and the change in buoyancy of the float
he density,of the LNG. Compensation for the effects of temperature, trim, list and 1

density shalll be applied to the observed readings. For additional details, see 6.2.6.3.

5.6.6.4 (3

ount

ition
shell
bn or
ture,
bd on

rards
y the

s antenna and sent back to the control panel.:The signal is then processed to determinle the

cally

rhich
be or

ina
1ot in

and
with
quid

pacitance gauges

Capacitance level gauges usually consist of an inner and outer coaxial tube that extends throughout
the depth of the cargo tank. The LNG trapped between the two tubes is the dielectric material. The
capacitance gauge provides a continuous indication of liquid level based on changes in capacitance as
vapour is displaced by LNG (see Figure 3). The inner tube is supported by the outer tube by means
of concentric insulators placed at regularly spaced intervals along the whole length of the tubes. In
general, coaxial probes are segmented into 4 m to 5 m lengths to ensure more accurate measurements.
These probes are assembled vertically so as to equal the tank height. The resulting assembly forms a
series of cylindrical capacitors having the same total height as the cargo tank of the LNG carrier.

The longitudinal contraction of the tubes at low temperature may be taken into account to correct
the level measurement. Compensation for the effects of trim and list shall be applied to the observed
readings. For additional details, see 6.2.6.4.
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Figure 1 — Radar (microwave) gauge
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Figure 2 — Float gauge
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Figure 3 — Capacitance gauge

5.6.7 Temperature measurement equipment

The calculation and determination of the liquid cargo density is a function of the liquid temperature. As
such, liquid cargo density is very sensitive to temperature; therefore, obtaining accurate temperature
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readings is critical. For example, a change of 0,2 °C for liquid methane cargo results in approximately a
0,07 % change in density.

A multiple-spot automatic tank thermometer (ATT) (see 3.1.22) with an averaging function shall
be used for temperature measurement. ISO 8310 may provide guidance for calibration and field
verification. The equipment shall be designed to measure the low temperatures encountered in LNG
service as defined in EN 1160.

There should be a minimum of five temperature sensors in each tank and atleast one temperature sensor
shall be located above the maximum fill height so as to remain in the vapour space. Each temperature
sensor shall be supported by a secondary sensor mounted adjacent to the primary temperature sensor.

The ATT syj
allow their
however, IG

The lowest
temperatury

Sensors sha
down nozzl

5.6.8 Pre

A pressure

pressure se
ISO and rele
classificatio

5.6.9 Cus
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trim an
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averages to be determined. Smaller LNG carriers may have fewer temperature,sén
[ Code requires a minimum of three.

temperature sensor shall be located near the bottom of the tank so as to{measur
e of the heel.

1l be positioned in such manner as not to directly expose them te~spray from the
S,

Ssure measurement equipment

Sensor is required at an appropriate position to measure the vapour space pressure
hsor shall be calibrated or verified to meet the requirements set forth in applicablg

h societies.
fody transfer measurement system

e CTMS processes all of the on board.LNG carrier measurement information. It monitor
following inputs:

iture;

<)

l list.

erforms numerous functions and calculations including
g readings over time,

readings,

and
sors;

b the

cool-

The
API,

vant industry standards, as well as the requirements-of the vessel’s flag administration and

5 and

applying corrections, i.e. thermal, trim, list, pressure,
determining volumes using computer-based tank capacity tables, and

generating custody transfer reports.

5.6.9.2 A CTMS shall incorporate at least the following calculations using the measurements of level,
temperature and pressure and data from the tank capacity tables (for examples of tables, see Annex C):

a)
b)

level gauge correction for trim and list;

level gauge correction for vapour temperatures;

c) volumes, corrected for temperature where applicable.

18
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The CTMS shall be designed and built such that any software or entries that can impact the determined

quan

tities are secure from tampering or unauthorized revision.

The CTMS shall generate applicable reports for opening and closing events (following/prior to
loading/discharge, etc.). See examples in Annex D. Note that there can be a local requirement for cargo
density to be used in the CTMS for mass determination.

5.7

Dynamic measurement systems and equipment

At the time of publication of this International Standard, technologies, such as Coriolis and ultrasonic
flow meters, are available, but are not yet in common usage for LNG custody transfer measurement.

Thesle and other technologies continue to develop and are becoming more widely used in
Thesle systems may be used for custody transfer subject to agreement by all parties involvg

6
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a) liquid level;

b) t

easurement procedures
General

Procedures to measure the parameters needed to determiné. the quantity of carg
arged on board an LNG carrier are described in this Clausé: The custody transfer mn
m shall be operated by the ship’s crew.

aspects of good measurement of cargo on board LNG €arriers include the use of propsg

LNG service.
d.

o loaded or
easurement

r tables and

ithms, the accurate recording of the basic data obtained through physical measurenjent and the

ect calculation of the necessary quantities. These-quantities are usually calculated H
if so, steps shall be taken to verify that the €TMS are certified or re-certified (se¢

bdures detail those items which are essentialto accurately determine cargo quantities,

independent inspector is appointed, alkimeasurements and gauging shall be witnessed
e independent inspector. The results-of such independent inspector verifications sh
able promptly to each party. If-mieasurement procedures are not followed or a dig
1, a notice of apparent discrepaney or letter of protest shall be issued.

urement of cargo on beard an LNG carrier should be carried out in accordang
national Standard or wéll-defined and agreed conditions stipulated by terminal proce
sovernmental regulation and the SPA.

termine the LNGquantity on board, the following shall be obtained:

emperature;

)

ressure,

y the CTMS
5.3). These

and verified
all be made
crepancy is

e with this
bdures, local

d) sample(s)and composition.

When performed, the following shall also be considered in determining the LNG quantity transferred:

— cool down;

— gassing up.
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6.1.2 The following details the procedures to obtain the required measurements to determine the LNG
quantity on board.

Prior to taking shipboard measurements, confirm that

a) all cargo operations have been stopped, e.g. liquefaction plants, gas combustion units (GCUs), fuel
gas pumps, LNG vaporizers, forcing vaporizers, spray pumps, ballasting or other operations which
affect transfer quantities (see Annex A), and that the cargo tanks are in a static condition,

b) the state of BOG compressor usage is understood,

c¢) BOG measurement techniques are set for gas used in the ship engines, if any,

d) sufficient time has elapsed for the cargo to stabilize and reach equilibrium conditiorlls of
temperature and pressure (for a detailed checklist, see Annex F),

e) operatipns affecting trim and list, i.e. ballast, bunker transfer or cargo movenients, should be
suspended during the custody transfer measurement process,

f) deck piping volumetric fill condition is known and accounted for, and

g) the method is in place for determining the quantity of the vapour returned during loadimg or
discharge operations.

During the ¢argo transfer process, boil-off gas (BOG) may be used as fu€l for the ship’s engines. P3rties

may explicifly agree to allow gas consumption in the ship’s enginexroom during the time betweeh the

opening and closing custody transfer surveys. The BOG used for-fuel by the vessel in port should be
quantified. The method of quantifying the BOG consumed inthié engines, if any, should be agreed ppon
by the partigs involved.

Trim and ligt shall be optimized and kept unchanged\while custody transfer measurement taskp are

performed.
the cargo ta
For operati
whenever p

Record the {
(see B.4, Fig]
manually-er

6.2 Statiq

6.2.1 Gen

The parties
measuremel

nks are full, but may require other conditions where partial cargoes are being meas
bnal and commercial reasons, a $ubstantial trim to the aft may even be recomme
brforming stripping of the cargo'tanks.

rim and list and apply corréctions made for their affect on measurement and/or quan
ures B.1 and B.2). The CTMS usually can accept and automatically apply the correctiof
tered trim and list data.or trim and list data received from external sensors.

measurement

eral

involved, as deemed by contract or mutual agreement, shall select the primary
1t system to be used to determine the quantity on board the vessel, provided the syst

Generally, vessel trim and list should be'minimized at the time of measurement whenever

ired.
nded

tities
1s for

level
bm is

functioning

preperly and for which a certified tank capacity table exists. Tank capacity tables shd

11 be

available and their certification verified as specified in 5.6.2. A level measurement system without certified
tank capacity tables is not acceptable as either a primary or secondary level measurement system.

The same level measurement system (i.e. primary or secondary) shall be used for both opening
and closing custody transfer. For example, if the level gauge normally designated as the primary
measurement system was inoperative at the time of opening gauging, necessitating the use of the
secondary level gauge, the secondary shall be used again at the time of closing gauging even if the
primary level gauge has been corrected in the interim. Similarly, if the level gauge normally designated
as the primary measurement system fails after the opening gauging, necessitating the use of the
secondary level gauge for the closing reading, the secondary readings shall be used for both the opening
and the closing.

All tank readings, to the extent possible, shall be taken and recorded at the same time, including
primary and secondary level gauge readings, pressures and temperatures. If both the primary and
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secondary system are inoperable or unreliable, all parties shall be notified and alternative methods
used in accordance with contractual requirements or by mutual agreement.

6.2.2 Measuring liquid level

Level measurement is most accurately performed with a stable liquid surface. Boil off or vessel motion
affects the stability of the liquid surface. Where taking opening or closing gauges, effort should be made
to ensure the liquid surface is as stable as possible given the loading/discharge conditions.

At a minimum, five successive gauge readings should be taken and averaged to obtain the level
measurement. Additional readings are advisable under certain conditions, for example, where readings

vary

6.2.3

Forl
man
detel
seto

and

armyg

and

confi
phys

6.2.4

For d
arms
madyd
takel
closd
with

6.2.5

In or
accu

a)
b)
‘)
d)
e)
f)
g)
h)

excessively. For additional discussion, see b.6.

Loading

pading, make the first set of readings after the loading arms have been connected, by
fold valves have been opened prior to commencement of cool down. These reading
'mination of the quantity of LNG remaining on board as cooling liquid, also called he
f readings shall be made after the end of loading, once the surface®fthe liquid is near
he vapour arms are purged and closed. Delivery lines, includingship piping, manifolds|
, used for loading and/or discharging should be in volumetrically similar condition wh
closing custody transfer measurements are carried out. [t48. possible not to be able {
rm or achieve this condition. If this condition cannot b athieved because of port r
jcal constraints, it should be documented.

[

Discharge

ischarge, make the first set of readings priof;to commencement of discharge when tH

e upon completion of discharge once tlie)arms are drained and purged. Ideally, the 1
1 after the liquid surface is nearly stable. The vapour return line(s) typically remain co
d, until on board gas burning has\resumed. It is possible that this does not apply to 1
reliquefaction capabilities or gas-combustion units (GCU).

Shipboard measurements

der to measure the(guantity of cargo in the vessel’s tanks, the following paramet

ately determined\for the various measurement systems:
the liquid level'in' the tank;
frim;

list;

t before the
5 enable the
el. A second
ly stabilized
and loading
ere opening
o0 positively
bgulation or

e unloading

have been connected and prior to starting to cool them down. A second set of readings shall be

eadings are
hnected, but
NG carriers

ers shall be

{l

he average fnmpnrahlrn ofthe ]iqniﬂ;

the average temperature of the vapour;
the pressure of the vapour in the tank;
any change to ATG filter settings shall be recorded;

any other information needed to make corrections to specific equipment used.

The use of any measurement equipment fitted on board the vessel to achieve these objectives requires
observance of all appropriate safety procedures as well as the manufacturer’s specific instructions.
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6.2.6 Liquid level

6.2.6.1 General

The primary ATG shall be identified at the key meeting and used for both opening and closing gauges
unless it malfunctions. In that case, the secondary system shall be used for both gauges. Both the
primary and the secondary ATG readings shall be recorded. Secondary measurements shall be taken
concurrently with primary measurements or as soon after as practicable. Verify level measurement
equipment in accordance with ISO 18132-1.

The secondary ATG shall always be in operation. This provides a level gauge for comparison to the
primary AT({: and a means to monitor the primary ATG for malfunction.

NOTE It|is recognized that this procedure cannot guarantee that the device accuracy meets.'its orjginal
certified valye. However, cross checking and tracking the history provide an indication of the performance pf the
ATGs on the Yessel.

In addition fo the foregoing, the following guidelines should also be followed.

a) Where possible, the ATG shall be functionally tested by means of an appropriate measure, suci asa
test run immediately prior to commencement of the custody transfer oriother equivalent meaps, as
described in ISO 18132-1. For example, a microwave gauge can be checked against the verification
pin, and a float gauge can be checked at its fully-retracted top storage or at its grounded positjon.

b) Determjne whether the ATG provides a level reading or the tank volume at that level.

c) Ensurethatthe measurement equipment has stabilized and:adjusted to the temperature of the ¢argo
being measured and that all corrections for temperature;and/or pressure are made as requirefl.

d) Follow [the manufacturer’s specific operating prétedures and use them to supplement these
procedyres.

If any of the[preceding steps cannot be complied*with, the reasons should be noted, and the approgriate
letter of profest filed.

6.2.6.2 Radar (microwave) gauges

Verify the lgvel reading according to/the manufacturer’s instructions and record the filter settings, if
any. Once the tank level is sufficiently stabilized, observe and record the level gauge reading from the
control pan¢l which is typicallydocated in the cargo control room of the LNG carrier.

For some rhicrowave level gauges, a temperature compensation of the microwave guide pipe is
necessary. Nost systefys-can accept trim and list data either manually or from external sensorg and
automatically apply-allnecessary corrections.

6.2.6.3 Flpat gauges

The float gauge should be checked for accuracy at its top storage position and its grounded position
according to manufacturer’s instructions. If this verification is satisfactory, the level readings can be
recorded.

If the level indication is unexpectedly high, low or unchanging, the float could be stuck. In this situation,
itis suggested that it be raised and lowered again in an attempt to obtain the expected reading.

The top storage position in which the float has been stowed is typically at a higher temperature than the
liquid surface, so that whenever the float contacts the cargo surface, the liquid underneath of the float
boils and the resulting turbulence can cause the displayed reading to be unstable. More stable readings
may be obtained by leaving the float in contact with the liquid until temperature equilibrium is achieved.
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The float should not be lowered at a high speed, especially whenever the liquid level is low. High-speed
lowering of the float can damage the float, tape or wire due to excessive shock whenever it reaches the
liquid surface.

The readings made on the float gauge system should be corrected using appropriate tables or
formulae according to

a)
b)
c)
d)

list,
trim,

density of LNG, affecting float buoyancy,

1 hce with the

q

emperatures of liquid and gaseous phases affecting reference gauge height in accorda
ontraction coefficient of the tank material, and

1 nce with the

q

e)

emperature of gaseous phase, affecting the shrinkage of float tape or wire/in‘accorda
ontraction coefficient of its material.

6.2..4 Capacitance gauges

Once
whic

the tank level is stabilized, observe and record the level gauge reading from the cqg
h is typically located in the cargo control room of the LNG carrier.

ntrol panel,

Som¢

(neal
zone
mea

6.2.7

6.2.7

The
temp]

e older capacitance gauges can have higher uncertainty ‘dutside of their normal load
-full and near-empty tank conditions). It is possible*that measurements in this i
do not meet the requirements of this International Standard. Special attention shall
uring partial cargoes measured with these oldet‘devices.

Temperature

.1 General

temperatures in each tank shall be determined at the same time as the liquid
erature sensor shall be read and recorded. Temperature sensor readings in each tank ¢

for those in the liquid phase and again for those in the vapour phase. If it is inconclusive aj

a ser
read

The

sor is in the gas-liquid (intérface zone or if there is any doubt about the accuracy of 3
ng should be disregarded.

hverage temperature should be calculated with each sensor representing its proporti

of cargo which is known as quantity weighting. Quantity weighting may be achieved by

sens
achid

Verif
may

br spacing.0f. by volume weighting each measured temperature. If quantity weig
ved, the@hithmetic average temperature of the liquid shall be used.

y temperature measurement equipment in accordance with ISO 8310. Temperature

range levels
ntermediate
be given to

levels. Each
re averaged
to whether
| sensor, the

pnal volume
appropriate
hting is not

verification

beperformed by comparing the primary and secondary sensor readings in the liquid

phase of the

4] . Lol
SAMEUT OUIET TAT g0 CAIIK(S]-

NOTE

It is recognized that this procedure cannot guarantee that the device accuracy meet

s its original

certified value. However, cross checking and tracking the history provide an indication of the performance of the
temperature measuring equipment on the vessel.

6.2.7.2 Temperature of liquid

The temperature of the liquid shall be measured by using the temperature sensor(s) immersed in the
liquid cargo at the time of measurement. Determine which sensors are in the liquid cargo and which
are in the vapour space based on the liquid level from the gauging system. Where the system allows,
disregard any temperature sensor affected by boiling action at the vapour-liquid interface. If a similar
quantity of cargo is transferred from each of the cargo tanks, calculate the average liquid temperature

© IS0 2015 - All rights reserved 23


https://standardsiso.com/api/?name=63fef4af19757d346186c5e866694ff2

ISO 10976:2015(E)

by an arithmetic average of all sensor readings in the liquid. Where tank volumes vary significantly, the
parties may agree to apply a quantity-weighted average temperature.

6.2.7.3 Temperature of vapour

The temperature of the vapour shall be measured using the temperature sensor(s) in the vapour phase
of the tank at the time of measurement. Use the level readings to select the temperature sensors above
the vapour/liquid interface. All temperature sensors in the vapour space should be used and not just
the sensor above the maximum liquid level. Where the system allows, disregard any sensors affected
by boiling action near the vapour-liquid interface. Calculate the average vapour temperature as the
arithmetic average of all temperature readings from all tanks.

6.2.8 Pressure

6.2.8.1 General

The absolutg pressure of cargo tanks shall be measured at the same time as the measurement df the
tank’s levelsland temperatures. The vapour pressure sensor can normally be isolated from the tank, and a
pressure caliibrator is then connected to the sensor in order to verify the accuracy.of the pressure readout.

6.2.8.2 Pressure measurement

Read and repord the pressure for each tank. Under typical operating ¢onfigurations, the tank presgures
are equalizdd through the vapour header. For systems measuringygauge pressure, obtain and adf the
atmospheri¢ pressure as appropriate. Where needed for calculation purposes, obtain the atmospheric
pressure existing at the same time as the tank pressure is measured. Because the LNG carrier’s quajrters
and control foom are pressurized, atmospheric pressure.should be based on outside air.

6.2.9 CTMS

6.2.9.1 Ge¢neral

Virtually alll LNG carriers use the CTMS to calculate shipboard quantities (see 5.6.9).

6.2.9.2 (C3lculations and reports

Generate the reports for the cldsing or opening gauge by providing suitable commands to the C[TMS.
Verify the ¢ontent of the reports by comparison to manual calculations or direct observatiohs of
measurements. These reports should be reviewed by affected parties, signed and retained with ¢ther
custody tranpsfer docuritentation.

6.2.10 Sampling

6.2.10.1 Generat

The heating value and density are typically based on the cargo composition given by the analysis of the
representative sample obtained at the terminal. It is possible that these parameters are not available prior
to the LNG carrier departing from the terminal. The composition of the return gas could also be required.

The custody transfer process involves calculation of a delivered energy value from measured volumes
and composition, which depends on sample and gas chromatograph accuracy. ISO 8943 gives details of
LNG sampling equipment, which shall be used to obtain representative samples. Sampling and analysis
requirements may be specified in the SPA or other agreements. See Annex E and the GIIGNL LNG Custody
Transfer Handbook[10] for additional details.
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6.2.10.2 LNG sampling verification

Prior to the arrival of the vessel, the parties or their appointed independent inspector shall

a)

b)
c)

6.2.11 Vapour return

6.2.11.1 General

confirm the primary and backup location(s) for both liquid and vapour return (if applicable) and

determine if samplers are continuous or intermittent,

confirm continuous sample containers are clean, and

confirm that the gas chromatograph(s) have been calibrated or verified in accordance with terminal

procedures and/or contractual requirements.

Part|of the custody transfer measurement process includes quantification of\vapour retufrn either by

the ghip or by the shore. The determination of the amount of vapour returhed involves n

assuming the composition and calculating the resulting gas properties.for)the vapour retiirn gas. The

SPA

6.2.11.2 Procedures

If appointed, the independent inspector should understand.and follow the procedures statd
regarding returned vapour and any specific sampling technique or frequency. If these asp
addressed in the SPA or terminal procedures, an agreed>upon methodology should be estal
to custody transfer.

6.3

6.3.1 General

Whehnever the vessel first enters service or returns to service after dry dock or layup, the

may define assumptions or accounting treatment for the vapour return quantities.

Gas-up and cool-down quantification

easuring or

d in the SPA
ects are not
lished prior

cargo tanks

shall| be purged and cooled down once the vessel arrives at the loading terminal in ordgr to be in a

cond

The

metH

this

6.3.2 Inerting

The

used|for thisroperation, inerting should not affect the cargo quantification.

6.3.

guantity used to gas up and to cool down shall be determined. The SPA usually d

process.

burpose ofinerting the cargo tanks is to remove oxygen prior to loading cargo. Since

fition to receive cargo. LNG from the terminal is used to first gas up and then cool down the tanks.

bscribes the

od to be used to detériiine these amounts and the vessel’s cool-down tables are normally used in

cargo is not

Y al | 1
Uds Up 4diia LI uowil

6.3.3.1 General

Terminals may prescribe specific actions for cool down and methods of calculation for determining the
quantity of LNG used. Determine the quantity of LNG used for cool down and perform calculations as
agreed upon by all parties. Various methods exist, as described in 5.6.5.

When used, confirm that the cool-down tables are appropriate for the composition of LNG received;
otherwise, issue a letter of protest.
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6.3.3.2 Cool-down procedures

The determination that the vessel’s tanks have reached their required temperature is established by
the vessel with notification to the loading terminal and the independent inspector, if appointed, so that
the cool-down quantity can be determined. Under normal operating conditions, cool down should take
between 8 h and 12 h for membrane-type LNG carriers, and 16 h to 20 h for vessels with spherical tanks.

The cool-down table provides for the calculation of the volume of LNG required from either actual or
representative historical composition for the specific loading terminal. Follow the instructions in the
cool-down tables. The heating value and density can be calculated from the composition. Once the mass
of LNG is determined, its volume can be calculated.

For cool-down table and calculation details, see C.1 and C.2, in particular Table C.8.

6.4 Dynamic measurement

Atthe time df publication of this International Standard, static measurement is the only-way to determine
the cargo quantities on board LNG carriers. However, dynamic systems may be used for custody trapsfer
subject to agreement by all parties involved. If a flow meter is installed in an LNGJloading or discharge
facility or an floating storage and regasification unit (FSRU) to measure the quantity for verificatipn or
custody trapsfer purposes, various industry guidelines for dynamic measutement of other fluids may
provide guidlance on their use (see 5.7).

7 Cargo (calculations

7.1 Genefal

This Clause putlines the information needed and steps required to calculate the volume of an LNG cprgo.
Specific cirqumstances can require specialized considerations, calculations and/or additional steps.

The calculation of LNG quantities is performed in two parts. Firstly, the quantity transferrgd is
determined|by measuring the volume on board the vessel prior to and following loading or dischprge.
Secondly, the amount of energy transferred iS'determined from the volume transferred by applying the
cargo density and its heating value.

The determination of the mass and energy transferred requires analysis of samples taken onshore. The
procedure and calculations are outlined in Annex D.

7.2 LNG volume determination

7.2.1 General

One significantdeature of LNG carriers is that while in service, their cargo tanks are 100 % occypied
by measurable-gargo in its vapour and/or liquid phase. In this regard, the volume of vapour returned is
assumed to be equal to that of the displaced liquid.

In accordance with the instructions noted in the tank capacity table, obtain the corrected liquid level in
millimetres applying any necessary corrections to the apparent liquid level (see 6.2.6).

Calculate the volume of LNG in the cargo tanks, in units of cubic metres expressed to three decimal
places, corresponding to the above-mentioned corrected liquid level prior to and following loading
and/or discharging. The volume of LNG, in cubic metres loaded or discharged, is then calculated as the
volume difference obtained from the output of the opening and closing custody transfer measurements.

Some tanks require correction for the thermal expansion or contraction of the tank. In this case,
the correction shall be determined using the tank thermal correction table and the average tank
temperature (see 5.6.2.4).
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Delivery lines to be used for loading and/or discharging should be in a volumetrically similar condition
at the opening and closing of custody transfer.

NOTE LNG CTMS calculations do not usually take vapour mass into account in the calculations, either before
or after discharge (or loading). Allowance is made in calculations for gas returned back on board the ship in the
commercial reconciliation of the heat energy transferred.

Due to the shape of the tank and the location of the level measurement system, it could be impossible
to accurately measure small amounts of heel [quantity remaining on board (ROB)/on board quantity
(OBQ)] left in the tank. This situation should be noted and recorded on the cargo documents.

7 2 Is % I | 1 laeal 1 1ol 1s 2
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Where a heel is to be left on board, the cargo should not be discharged below the minimum|measurable
levelf However, if the level is below the minimum measurable level, the unpumpable quantitjes specified
in the ship charter party or SPA should be used.

7.3 | LNG density determination

The dlensity of the LNG liquid cargo is normally calculated based on the eomposition determined by gas
chromatograph of a representative sample from the loading/unloading line during transfers to/from
the terminal. Various equations of state, including the Klosek-M¢Kinley method or its revised version,
may be used to calculate the density based on the chemical composition and liquid tempergture.

At thie time of publication of this International Standard, dtis not common for density to be|determined
by direct measurement for custody transfer purposes.
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Annex A
(informative)

LNGC design and marine operations

A.1 LNG carrier design

A.1.1 Gen

LNG carrier
and operati
tanks and I
described in

Figures A.1

eral

A.2.

5 may be fitted with tanks of varying design. Each design can require unique(measure
bnal considerations. The types of tanks commonly used in the LNG trade,are memhrane
MO Type B. In addition, a small number of IMO Type C tanks are in. service. Thes

fo A.4 are for illustrative purposes only.
[ =
T
7
a) LNG carrier with membrane tanks
|_

| 1

='E

N

\/

\_/

\/

\_/

'S

b))LNG carrier with spherical tanks

Figuire A.1 — Simplified longitudinal-sectional view of LNG carriers (not to scale)

A.1.2 LN(
All LNG carn

space for bg

carriers

ierShave double hulls running through the length of the cargo area, which provide adec
11ast. Ships fitted with the membrane tanks have a full secondary barrier and ships f

ment

P are

juate

itted

with spherical or prismatic IMO Type B tanks have a partial secondary barrier to protect the inner
bottom of the vessel. Continuous gas monitoring of all hold spaces is required.

A.2 Types of cargo tanks

The following tank types as defined by the gas codes (see the note to 3.1.13) are applicable to LNG carriers.

a)

Membrane tanks are non-self-supporting tanks that consist of a thin layer (membrane)

supported through insulation by the adjacent hull structure. The membrane is designed in
such a way that thermal and other expansion or contraction is compensated for without undue
stressing of the membrane.

28
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\\
N[N U1 B~ W

(Y 7

XX

Key

1  yvater ballast tank 5 inter-barrier space or insulation
2 yoid space 6  secondary barrier

3 rimary barrier 7  inner hull

4 :Lter-barrier space or insulation 8 double-bottom pipe passage

Figure A.2 — Simplified cross-section of a membrane tank (not to scale)

b) Independent tanks are self-supporting; they do not form part of the ship’s hull and are pot essential
tlo the hull strengthincluding prismatic, spherical and pressurized tanks.

1) IMO Type B tanks: The most common design of IMO Type B tanks is the Moss spherical tank.
Type Bitanks are designed using model tests, refined analytical tools and analysig§ methods to
deternine stress levels, fatigue life and crack propagation characteristics.
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4

5

6

7

9

Key
1  water-pijoof tank cover 6  supperting skirt
2 aluminiym alloy tank body 7  water ballast tank
3 insulation (can contain a nitrogen bleed system) 8 _\\old space
4 upper dgck passageway 9) double bottom pipe passage
5 inner hull 10 drip pan (partial secondary barrier)

Figure A.3 — Simplified cross-section of a spherical tank (not to scale)

2) IMO Type C tanks are heavy.tanks since they are designed to recognized pressure vessel|code
and therefore are limited to small sizes. A minimum design pressure is specified to qualify for
Type C based on size‘ofthe tank, the density of the cargo and the tank material. Vessels|with
Typle C tanks are designed with cargo capacity of approximately 1 000 m3 to 12 000 m3.

IMO Type C tankstare used for short coastwise service where the voyage is so short that|they
load the cargo celd and let it warm up during the voyage which builds up the pressure. Mogt are
designed for 35.-kPa to 400 kPa.

The IMQ “Type C tank does not require any secondary barrier because the design is based on the
concept that the governing stress is the membrane stress due to pressure (hoop stress) and that
the fluctuating stress due to bending and pressure surge is very small compared to the general
membrane stress so the fluctuating stress is not high enough to cause fatigue failure.

Type C tanks used for LNG are normally stainless steel but aluminium or 9 % nickel steel can be used.
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Figure A.4 — Vessel with IMO Type C tanks

Measurement-related operational notes

A.3.1 Putting tanks in service

A.3.1.1 General

The
puti

The
meas
repa
built

bequence of activities given in A.3.1.2 and A:3.1.3 is typically performed where tanks
to service or after they have been takemout of service.

informational guidance only-and is not to be considered an operationally complete do
additional details on this process, see SIGTTO Liquefied Gas Handling Principles on Ships and

A.3.1.2 Tank preparation

A.3.]

OnL
yard
throt

.2.1  TanKinspection

NG cacriers in continuous service, this operation is normally carried out at the buildin
prier‘to its entering/re-entering into service, as en route to the first loading port
hoh/the drying/inerting cycles below. To do this, the tank shall be certified gas-free fq

are initially

following operational items should be considered where measuring and/or accountling for LNG
urement quantities. Most of the following steps are only performed after tanks are prepared for
1, inspection or shipyard visit. This assumes that the vessel is at the beginning of a cydle, i.e. newly
or leaving dry dock and starts with tanks gas free. The following cycle of operation|is given for

rument. For
n Terminals.

g yard/refit
it would go
r safe entry

and at ambient temperature.

The cleanliness of the cargo system is essential to protect the terminal and ships tanks from impact
damage arising from any debris left in the lines. Mesh filters are usually used at the manifolds in LNG
service for providing such protection. In the case of debris being found, however small, it is normal to
carry out extensive investigations to determine the source; often, the remains are weighed and sent
ashore for laboratory analysis to determine the source and ensure that all debris has been recovered.
The manifold filters should be inspected prior to and following completion of cargo operations at both
the load and discharge port. If debris is found in the filters, a letter of protest should be issued.
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Drying

Remove moisture by using ambient or heated inert gas or dry air with a suitable dew point from the
ship or shore and/or through use of an air-drying system.

A3.1.2.3

Inerting

After the tanks have been approved for carriage of cargo, the air shall be removed from the tanks. This
is carried out by inerting by displacement until the oxygen content is below 2 %. Terminal regulations
can specify a lower value for oxygen content.

A3.1.2.4

Once the ta
cargo to be }
another on |
these activit

A.3.1.2.5

Once the tal
to appropri{
usually achi
tank(s) shal
should be a
cool-down 11
to avoid exc

The method|

and accounted for in the cargo inspection report. Appropriate cool-down tables should be used i
Id be

process. If 1
determined
cool-down t

A.3.1.3 |

Receiving ¢
vessel being

LNG carrier
relatively 14
operations.

Gassing up

hk atmosphere is acceptable, inert gas shall be displaced with warm gas vapours d
oaded. The LNG to produce these warmed-up gas vapours can come from the(shore or
poard cargo tank using the LNG carrier’s vaporizer and BOG heater. The costof perfor
ies is determined by terminal regulations and the SPA.

Cool down

1k is gassed up with the vapour of the cargo to be loaded, the'tanks shall be cooled ¢
ite loading temperature to prevent undue stress and excessive cargo vaporization. T
eved by receiving a quantity of cargo from the shore or fron'tanks on the vessel. Usuall

be cooled down before the quantity in the tank can be\accurately determined. Cool ¢

rates considered safe by the tank designers. Theré\can be a significant difference i
ates between spherical and membrane tanks. Thus; cool down can be an extended pr
pssive thermal stresses in the tank structures, such as in the equator rim of a spherical

of cooling down the tanks and the source.gfthe cargo used for the process should be 1

quid cargo is found to be in the tanks after the cool-down process, the amount shou
recorded and treated as cargo already loaded or as otherwise addressed in the SPA aj]
hbles.

Loading
hirgo from the shore(oy lightering vessel causes vaporization of cargo in the tanks d
s, which are.equipped with re-liquefaction plants, can lack the capacity to handl

rger quantities of rapidly vaporized gas which can be generated during the log
Che resulting vapour is returned ashore or to the lightering vessel.

loaded. When coldep LNG is pumped into a warmer receiving tank, vaporization occufs.

f the
from
ming

lown
his is
y the
lown
h the
bcess
tank.

oted
this

1d /or

f the
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1ding
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LNG carriers have fill limits as determined by Formula (A.1) from the IGC Code:

Vo, Xp
FL R
Vip=—7—" (A1)
P

where

VL isthe percentage load limit (LL);

VrL s the filling limit (FL) (usually 98,5 %);

R 1S theelative density of the cargoat Teference temperature;

A1 is the relative density of the cargo at loading temperature and pressure.
NOTH The IGC Code allows the vessel’s flag administration to set a higher fillingAimit (FL) than the limit
of 98}5 % specified at the reference temperature, taking into account the shape of the'tank, arrangements of
presqure relief valves, accuracy of level and temperature gauging and the difference betweer} the loading
tempprature and the temperature corresponding to the vapour pressure of the-eargo at the set pijessure of the
presdqure relief valve. The maximum filling limit is not to exceed 99,5 % at theeference temperaturfe.
The yeference temperature for Formula (A.1) is the temperature corresponding to the vapqur pressure
of the cargo at the set pressure of the relief valves.
A.3.7 During service
A3.21 General
Perspnnel performing measurement procedurescshould be made aware of the specific relevant safety
and ¢perational requirements for the LNG carrier and its cargo.
A.3.2.2 Prior to loading
Specific conditions of carriage should-be determined prior to loading, including any relevant terminal
regulations and restrictions enforced at the load and discharge ports. For details of the pre-cargo
trangfer meeting, see 1ISO 28460)[€l
If the forgoing preparatign)process is required, any amount of product used in the process should be
accoynted for.
Due [to the continfious nature of the LNG trade, a tank inspection at any time occurs [only due to
extrgordinary eircumstances, e.g. reason to suspect that there is damage to the tank or| mechanical
breakdown within the tank.
A3.2.3 During loading

While loading the liquid cargo, vapour in the tanks shall be displaced to allow liquid into the tanks.
The amount of vapour returned to the shore should be accounted for in accordance with terminal
regulations and/or the SPA.

A3.2.4

During transit

During the transit from the load port to the discharge port, the cargo boils off to some extent. The boil-
off rate is in the order of 0,15 % of the cargo per day and may be used to fuel the ship’s engines. As a
matter of economics or to meet environmental requirements, the vessel may choose to force boil off to
be used in place of traditional marine fuels. The amount of BOG consumed in transit may be measured
or estimated and should be accounted for in accordance with contractual requirements (see B.7). The
boil-off or liquefaction conditions are often used to monitor the performance of the cargo system.

NOTE Some newer ships have the capability to capture and liquefy the BOG.
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A.3.2.5 Prior to discharge

Arrival opening quantities should be compared against departure closing quantities to determine any
vessel in-transit differences, which may include voyage gas consumption. If the actual boil-off rate
exceeds the contractual rate, a letter of protest should be issued and the causes investigated if deemed
applicable. For details of expected LNG boil-off, see B.7. For details of the pre-cargo transfer meeting,
see ISO 28460.[6]

A.3.2.6 During discharge

Any vapours returned to the LNG carrier should be accounted for in accordance with terminal

regulationsfnd the SPA.

A.3.2.7 fter discharge

On completjon of the cargo discharge, the heel shall be measured for liquid level, wapour pregsure
and the vapour/liquid temperature to determine the quantity remaining on board) LNG carriegrs in
continuous gervice often intentionally sail from the discharge port with heel-to maintain the |tank
temperatures and cargo tanks in a ready-to-load state on arrival at the loadingport.

A.3.3 Taking tanks out of service

A.3.3.1 General

In some cages, such as preparations for tank entry or laying-up (taking the ship out of service), the
ship’s tank mhay be totally emptied of liquid cargo in a process.réferred to as “heeling out” (also referred
to as stripping). After “heeling out”, the vessel uses regular bunker fuel to steam at sea (for aerdting,
arrival at drfy dock and to load port). If an LNG carrier tafk is to be taken out of service for inspectipn or
maintenancg, the following sequence of activities is normally followed.

A.3.3.2 Discharging of liquid cargo

Under some| commercial contracts, LNG carriers do not discharge their entire cargo, but keep a $mall
quantity of [heel in the tanks. This ensures arrival at the loading port with tanks at a temperature
whereby the¢y can be loaded without ‘delay; this also provides BOG for fuel on the ballast passagel The
amount of heel left on board is acecounted for as described in Annex D.

Under otherjcommercial contraets or where the LNG carrier is going to dry dock, the tanks are emptied
of cargo, which is a process-known as heeling out. If the LNG carrier’s tanks are to be emptied for
inspection dr service, théstéeps specified in A.3.3.3 to A.3.3.5 are also taken.

A.3.3.3 Warming ap

Warming up of the cargo tanks after cargo dlscharge is v1tal on LNG carriers if the tanks are going
to be completely—em 5 HpFre rdheate Fated

to circulate warm gas into the tank Thls process evaporates any residual 11qu1d and then eventually
warms up the whole tank to required conditions.

A.3.3.4 Inerting — After discharge

Where tanks are opened for internal inspection, inerting is always a necessary step. This is to reduce
the hydrocarbon content within tank atmospheres to a safe level before aerating the tank with fresh air.

A.3.3.5  Aerating

Once tanks have been safely inerted, the cargo tanks may be ventilated with fresh, dry air, following all
safety procedures and industry practices. Aeration should continue until “SAFE FOR HUMAN ENTRY”
levels are achieved and maintained in accordance with occupational health and safety regulations.
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Once the tank is fully aerated and a tank entry permit issued, the tank may be entered for inspection
with the permission of the Master or designated person in charge of the LNG carrier.
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Annex B
(informative)

Additional considerations for measurement on board an LNGC

B.1 General

This Annex

and determjination of vessel quantities. Additional considerations that should be taken~durin

measureme

B.2 Re-calibration and re-certification

Re-calibrati
dry docking]
uncommon

the re-calib}

In the case

capacity tabjle shall be updated prior to reuse.

B.3 Cont

Control cha

requested. T

secondary n

The control
measureme
from the try
or recalibrg
continuing ¢

B.4 Draft

B.4.1 LN(

For most ac
Prismatic al

contains additional information and cautionary notes regarding measurement acey

ht of these cargoes are as follows (in B.2 to B.7).

bn of the equipment listed in 5.1 is normally carried out while thesship is at the shipyar
by a qualified third party (i.e. an independent calibration agencyor manufacturer). In

Cases, a measurement device can be re-calibrated in the intefim. In either case, the res
ation should be re-certified.

bf any modification to a tank that affects the integrity of the tank capacity table, the

rol charts

'ts or equivalent records should be maintained by the vessel and made available W
he comparison over time of a reading to a known value or the comparison of primary
neasurements may be evaluated thretigh a control chart.

chart provides a tolerance or, control band for each device which can be used to asseg
nt integrity of the device,-Frequent use of a device can result in its output drifting
e reading in an amountexeeeding the tolerance. At this point, it is time to reset the d
te. An appropriate yerification frequency can detect errors and provide confiden
levice integrity with-the least amount of effort.

readings<and trim and list corrections

| carriers not on even keel — With trim and list

[racy
5 the

d for
some
ult of

tank

rhere
y and

s the
hway
bvice
Ce in

Cyrate measurement on LNG carriers, shlps should be on even keel at the tlme of ga

with spherlcal tanks Trlm and list readmgs and type of tanks shall be 1ncluded in the custody transfer
measurement documentation.

Cargo volume calculations shall be adjusted for trim and list as defined in the tank capacity tables.
Unlike crude oil and product tankers, virtually all of the LNG carriers’ cargo tanks are calibrated to
include trim and list corrections for the tanks in all conditions of fill. If this is found not to be the case
however, full details of the exception and any action taken accordingly shall be listed in the cargo
inspection report.
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B.4.2 Draft readings

Draft readings shall be taken prior to and following loading and discharging. Draft readings are used to
determine the following:

a) the depth of the vessel in the water;
b) the trim and list of the vessel;
c) whether or not the vessel is loaded correctly.

Draft marks are displayed in customary or metric units. The numerals for customary units are 15,24 cm
(6 in]) high and are spaced 15,24 cm (6 in.) apart. Readings are made from the bottom of the numerals
and ¢stimated to the inch (see Figure B.1).

6"

XXXIX 39
T gt
XXXVIII 1 38=¢

Figure B.1 — Draft readings — US‘customary units

The humerals for metric units may be displayed in even decimetres, with markings 10 cm (4 in.) high
and gpaced 10 cm (4 in.) apart (see Figure B.2) or every0,2 m (8 in.). Readings are made fronp the bottom
of the numerals and estimated to the centimetre (see Figure B.2).

116
o 115
1 1 4 Ilocenumetres

Figure B.2 — Draft readings — SI units

Vessel drafthreadings should be visually observed. However, if this is not possible, draft may be
deteyminég-using automatic draft measuring systems, e.g. pressure sensors or electrp-pneumatic
systems. The method of obtaining draft should be recorded in the cargo documentation.

By manual/visual reading the forward/aft scales from quay/berth side, one can expect an error of
50 mm for each reading, which for a 270 m length ship, typically renders an uncertainty of 5,7 mm in
the trim calculation.

NOTE The length of the tank and distance from the aft bulkhead to the gauge are assumed to be 45 m and
0,85 m, respectively.

Onthe other hand, amodern electro-pneumatic draft measurement system (with digital communication)
has a typical uncertainty of 2 cm to 3 cm, which for the trim calculation renders a much lower
uncertainty than “reading the scales”. For the list calculation, the only suitable manual measurement
is by tape over the rail; supposing an error of 20 mm per reading, typically renders an uncertainty of
0,04° in the list calculation for a 40 m-wide ship. This is equal to that provided by a modern electro-
pneumatic draft measurement system (with digital communication).
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A modern (electro-pneumatic) four-point draft measurement can thus render a higher accuracy of the
ship overall trim and list than the measurements from control room located inclinometers or manual
draft measurements.

B.4.3 Determination of trim and list

All attempts should be made to correct any list the vessel has prior to taking measurements. If this
cannot be done, a vessel’s list may be accurately determined in the following two ways:

a) by reading the appropriate inclinometer;

rt drafic and than ~alonlatinagtha lict

b) byread
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sel is not on even keel and/or is listing at the time of gauging, the vessel’s trim and/qg
N into account in order to accurately determine the liquid quantities on board. To.do s

or list noted.

2] experience factor (VEF)

stody transfer quantity is determined by gauging on board the LNG carrier rather
1sequently, it is not possible to determine the VEF in the saide manner as is done for
h result, VEFs are not applied to LNG carriers.

hile, in theory, a VEF for LNG carriers can be determined,sitis difficult, if not impossible, to get

mparison because of the circumstances of usual cargp, operations, including a lack of cons
vessel heel, boil off and ship-shore vapour exchange!

to-ship transfers and other offshoere activities

eral

transfers of LNG cargoes are now becoming part of the business model for some
ptors. Cargo measurements\\taken offshore during these operations should geng
bd in the same manner a§ measurements at a shore berth. Many offshore operation
t exposed berths, which.¢an cause the ship to be in rolling or pitching motion durin

are obtained. Additionally, it can be impossible to take draft readings to the resol
Table 1. Any other’special considerations at each berth should also be taken into accoy
ment process-(see B.6.2).

Fage and regasification units (FSRU) can be unable to perform standard gauging proced

ermination should be developed as part of the contractual agreement.

r list
, the

found in the vessel’s trim/list tables shall be followed to make the required_adjustments

than
bther

h true
stent

LNG
rally
5 are
g the

surement. In those.Situations, special care should be taken to ensure accurate gauges of

ition
ntin

lures

urrentiinternal loading and discharge operations. Measurement procedures to addiress

B.6.2 Measurement on board LNG carriers at an exposed mooring location

During offshore operations or lightering, or where the LNG carrier is at an exposed berth, cargo can be
in motion within the LNG carrier’s tanks. In such situations, at least five successive observed readings
should be taken, then the highest and lowest readings dropped and the remaining three averaged and
recorded. The successive gauge readings are to be taken as quickly as is practicable; a description and
extent of the adverse measurement conditions should be recorded.

Filtering of level and trim/list may be necessary to get measurement readings for opening and
closing gauge.
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B.7 LNG as fuel

B.7.1 Measurement of LNG boil-off gas as fuel

At the time of publication of this International Standard, LNG boil-off gas (BOG) is the only refrigerated
cargo permitted for use as fuel for the LNG carrier’s boilers or engines as specified by the gas codes (see
the note to 3.1.13). Some LNG carriers are fitted with a reliquefaction plant and this subclause is not
applicable to those vessels unless the BOG is used as fuel.

Heat transfer to the tanks causes natural boil off, thereby increasing tank pressures. BOG may be used as
fuel in the LNG carrier’s boilers or multi-fuel engines, reliquefied or disposed of in a gas combustion unit.

Daily boil-off rates during the voyage vary as a function of a number of conditions, inclluding cargo
and fank temperatures, and cargo composition. Agitation of the cargo due to sea state)and barometric
pressures are factors which also affect boil off. Management of the boil-off rate may-be-achieyed through
controlling tank pressures by varying the gas compressor speeds and/or gas cofisumption(in the ship’s
machinery. Cargo tank pressures should never be allowed to fall below atmeospheric. Though actual
rateqd vary from ship to ship, typical figures for LNG carrier boil-off rates are in the order of 0,15 %
of the cargo quantity per day during the loaded voyage [see Formula (B\1)] and 0,1 % pef day for the
ballast voyage. It should be noted that LNG often contains a small percentage of nitrogen,| which boils
off pfeferentially, thus reducing the heating value of the BOG at the beginning of the loaded yoyage. This
evappration of lighter hydrocarbons and nitrogen (from the liguid cargo) can result in a change in the
composition of LNG by the time the LNG carrier arrives at port

The average daily boil-off rate, Bp, as a percentage, is caleulated by Formula (B.1):

_ Vs -Vy)
> = o, ><VT)><100 (B.1)

whertte
Vs is the sailing volume;

Vo isthe arrival volume;

Ds is the days at sea;

VT is the total capacity of the vessel.

The fharterer’s instrfuctions or SPA can require the use of LNG as fuel for the ship’s engines at sea.
Howegver, the amoimnt of natural BOG may be insufficient to meet the total fuel demand. [n this case,
LNG from the cargo tanks is fed through the forced vaporizer to augment the natural BOG burned in the
proppulsion and auxiliary machinery. The quantity used as forced BOG is reconciled in the njeasurement
of cafgo priar-to discharge.

NOTH The net amount of BOG could be substantially reduced in the future because of liquefaction, improved
tank Imsutatiomand the use of pressure buitd-up tamnks:

B.7.2 LNG as fuel in port

Environmental concerns over ship emissions in some ports can necessitate the use of vaporized LNG as
fuel to meet the requirements of the LNG carrier’s usage for its own functions (accommodation heating
or cooling, power generation, etc., also known as hotelling) and cargo operations. Gas consumed for
such purposes is usually covered by the natural boil off in the ship’s tanks and/or return gas from shore.
In the event that a vessel is equipped with a dynamic measurement system that satisfies the accuracy
and verification standards for measurement equipment, actual measurement of consumed cargo for
hotelling and discharge operations shall be used to reconcile the measurement of cargo following
discharge (see D.6).
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Annex C
(informative)

Examples of tank capacity tables for a spherical tank

C.1 Tank capacity tables for a spherical tank — Examples

Table C.1 — Example of section of a tank capacity table
Gauge Volume | Difference | Gauge Volume Difference | Gauge Volume () Differ¢nce
m m3 m3 m m3 m3 m m3 m3
36,10 | 35258,908 5,869 36,60 35540,310 5,374 37,10 | 35 796,635 4,845
36,11 | 33264,777 5,859 36,61 35 545,684 5,365 37,11 |-35.801,500 4,855
36,12 | 33270,636 5,849 36,62 35551,049 5,355 37,12« _[*35 806,355 4,845
36,13 | 39 276,485 5,840 36,63 | 35556,404 5,345 3713 | 35811,200 4,834
36,14 | 34282,325 5,829 36,64 | 35561,749 5,334 37,14 | 35816,034 4,824
36,15 | 34288,154 5,821 36,65 35567,083 5,325 3715 | 35820,858 4,814
36,16 | 35293975 5,810 36,66 35572,408 5,315 37,16 | 35825,672 4,803
36,17 | 35299,785 5,800 36,67 35577723 5,304 37,17 | 35830,475 4,793
36,18 | 33 305,585 5,791 36,68 35 583,027 5,295 37,18 | 35835,268 4,782
36,19 | 34311,376 5,781 36,69 | 35588,322 5,284 3719 | 35840,050 4,772
36,20 | 3% 317,157 5771 36,70 | 35593,606 5,274 37,20 | 35844,822 4,762
36,21 | 3§322,928 5,762 36,71 |35598,880 5,264 37,21 | 35849,584 4,751
36,22 | 3§328,690 5,751 36,72 35 604,144 5,254 37,22 | 35854,335 4,740
36,23 | 34 334,441 5,742 36,73 35 609,398 5,244 37,23 | 35859,075 4,731
36,24 | 34 340,183 5,732 36,74 35 614,642 5,234 37,24 | 35863,806 4,720
36,25 | 35345915 5,722 36,75 35 619,876 5,224 37,25 | 35868,526 4,709
36,26 | 39351,637 5,713 36,76 | 35625,100 5,213 37,26 | 35873,235 4,699
36,27 | 33357350 5,702 36,77 | 35630,313 5,203 37,27 | 35877934 4,689
36,28 | 34363,052 5,693 36,78 35 635,516 5,194 37,28 | 35882,623 4,678
36,29 | 34 368,745 5,683 36,79 35 640,710 5,183 37,29 | 35887,301 4,647
36,30 | 33374,428 5,673 36,80 35 645,893 5,173 37,30 | 35891,968 4,657
36,31 | 35380,101 5,663 36,81 | 35651,066 5,163 37,31 | 35896,625 4,647
36,32 | 35385,764 5,653 36,82 | 35656,229 5,152 37,32 | 35901,272 4,636
36,33 | 35391,417 5,644 36,83 | 35661,381 5,143 37,33 | 35905908 4,626
36,34 | 35397,061 5,633 36,84 35 666,524 5,132 37,34 | 35910,534 4,615
36,35 | 35402,694 5,624 36,85 35671,656 5,122 37,35 | 35915,149 4,605
36,36 | 35408,318 5,614 36,86 35676,778 5,112 37,36 | 35919,754 4,594
36,37 | 35413,932 5,604 36,87 | 35681,890 5,101 37,37 | 35924,348 4,584
36,38 | 35419,536 5,594 36,88 | 35686,991 5,092 37,38 | 35928,932 4,573
36,39 | 35425,130 5,584 36,89 | 35692,083 5,081 37,39 | 35933,505 4,562
36,40 | 35430,714 5,574 36,90 35 697,164 5,071 37,40 | 35938,067 4,553
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Gauge Volume | Difference | Gauge Volume Difference | Gauge Volume | Difference

m m3 m3 m m3 m3 m m3 m3
36,41 | 35436,288 5,565 36,91 35702,235 5,061 37,41 | 35942,620 4,541
36,42 | 35441,853 5,554 36,92 35707,296 5,051 3742 | 35947161 4,531
36,43 | 35447407 5,545 36,93 35712,347 5,040 3743 | 35951,692 4,521
36,44 | 35452952 5,534 36,94 35 717,387 5,030 3744 | 35956,213 4,510
36,45 | 35458,486 5,525 36,95 35 722,417 5,020 3745 | 35960,723 4,499
36,6 | 35 464,011 5,515 36,96 35 727,437 5,009 3746 | 35965,2Z2Z 4,489
36,47 | 35469,526 5,505 36,97 | 35732,446 5,000 3747 | 35969711 4,478
36,48 | 35475,031 5,494 36,98 35737446 4,989 37,48 | 35,974,189 4,467
36,9 | 35480,525 5,485 36,99 35 742,435 4,979 3749 |35978,656 4,457

Table C.2 — Example of section of a trim correctjon table
Corrections in millimetres

Gauge (3,0m |[25m |[2,0m |1,5m|[1,0m ([0,5m |[0,0m [0,5m |4H0m | 1,5m |2,0m | 2|5m | 3,0 m

ot B/H | B/H | B/H | B/H | B/H | B/H | EVEN | B/S B/S B/S B/S B/S B/S
35,00 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,50 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,60 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,70 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,80 -14 -12 -9 -7 -5 =2 0 2 4 6 8 10 12
35,90 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,0 | -14 -12 -9 -7 €5 -2 0 2 4 6 8 10 12
36,10 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,0 | -14 -12 -9 =% -5 -2 0 2 4 6 8 10 12
36,0 | -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,40 -14 -12 9 -7 -5 -2 0 2 4 6 8 10 12
36,50 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,60 -14 =12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,70 -14 =12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,80 | =14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,90 14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
37,00 -14 =12 -9 -7 -5 -2 0 2 4 6 8 10 12
37,10 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
37,20 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
37,30 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
37,40 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12

NOTE  Where B/H is trim by the head (toward the bow), EVEN means even keel and B/S is trim by the stern (toward the

stern).
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Table C.3 — Example of section of a list correction table

Corrections in millimetres

Gauge List to port List to starboard
m 1300 | 25 | 20 |15 | 1,0°| 05° | 0,0° | 0,5 | 1,0° | 1,5° | 2,0° | 2,5° | 3,0°
3500 | 15 | 15 | 15 | 13 | 9 5 o | -6 | <14 | 22 | -32 | -43 | -54
3550 | 15 | 15 | 14 | 12 | 9 5 0 | -6 | 14 | -22 | -32 | -43 | -55
3560 | 14 | 15 | 14 | 12 | 9 5 0 | -6 | -14 | -23 | -32 | -43 | -55
3570 | 14 | 15 | 14 | 12 | 9 5 0o | -6 | 14 | 23 | 32 | -43 | -s5
3580 | [14 | 15 | 14 | 12 | 9 5 0 | -6 | 14 | 23 | 32 | 43 {.I55
3500 | {14 | 15 | 14 | 12 | 9 5 0 | -6 | -14 | 23 | -32 | -43,} {56
3600 | 14 | 14 | 14 | 12 | 9 5 0 | 6 | <14 | 23 | 33 <44 | lse
3610 | iu | 14 | 14 [ 12| 9 | 5 | o | -6 | 14| 23| 38} -44 | {56
3620 | 14 | 14 | 14 | 12 | 9 5 0 | -6 | -14 | -23 [ 233 | -a4 | {s6
3630 | 13 | 14 | 14 | 12 | 9 5 0 | -6 | -14 | -3 33 | -a4 | {s6
3640 | 13 | 14 | 14 | 12 | 9 [ 5 | o | -6 | -14 [%23| -33 | -44 | |56
3650 | 13 | 14 | 14 | 12 | 9 5 0 | -6 | -14| 23 | -33 | -44 | {56
3660 | 13 | 14 | 14 | 12 | 9 5 0 | -6 |Gt | 23 | 33 | -a4 | |57
3670 | 13 | 14 [ 13 | 12 | 9 | 5 | o | e P14 | 23] 33| -4a | {57
3680 | 13 | 14 | 13 | 12 | 9 5 0 | &6 | -14 | 23 | -33 | -44 | {57
3690 | 13 | 14 | 13 | 12| 9 | 5 | o Jv-6 | -14 [ 23 [ -33 | -44 [ ]57
3700 | i3 | 14 | 13| 12| 9 | 5 [.@| -6 | -14 ] -23]-33]-45] {57
3710 | 13 | 14 | 13 | 12 | o 5.0 0 | -6 | 14 | 23 | -33 | -a5 | }s7
3720 | 3 | 14 [ 13 | 12 | 9 [ s ] o | -6 | -14 | 23] -33]-45| {57
3730 | i3 | 14 | 13 | 12 | 9 (5 0 | -6 | -14 | -23 | -33 | -45 | |58
3740 | 13 | 14 | 13 | 12 | 9| 5 0 | -6 | -14 | -23 | -33 | -45 | {58
N\
Table €.4 — Example of sectﬁp of thermal correction table for a radar-type level gauge
\\O) Corrections in millinetres
Vapour temperature
Gauge Q"Q oC
m —
169 |-158<)\156 |-154 |-152 |-150 |-148 |-146 |-144 |-142 [-140 |-138 |-136
30 | 144 | gt | 144 | -144 | <143 | 143 | 142 | <142 | -142 | -141 | <141 | -140 | 140
31 | -14ach, 144 | 144 | 143 | 143 | 143 | 142 | 142 | 142 | -141 | <141 | 140 | {140

32 -144 | -144 | -144 | -143 | -143 | -143 | -143 | -142 | -142 | -141 | -141 | -140 | -140
33 -144 | -144 | -144 | -143 | -143 | -143 | -143 | -142 | -142 | -141 | -141 | -141 | -140
34 -144 | -144 | -144 | -143 | -143 | -143 | -143 | -142 | -142 | -142 | -141 | -141 | -141
35 -144 | -144 | -143 | -143 | -143 | -143 | -143 | -142 | -142 | -142 | -141 | -141 | -141
36 -144 | -144 | -143 | -143 | -143 | -143 | -143 | -142 | -142 | -142 | -142 | -141 | -141
37 -144 | -144 | -143 | -143 | -143 | -143 | -143 | -142 | -142 | -142 | -142 | -141 | -141
38 -144 | -144 | -143 | -143 | -143 | -143 | -143 | -143 | -142 | -142 | -142 | -142 | -141
39 -144 | -144 | -143 | -143 | -143 | -143 | -143 | -143 | -143 | -142 | -142 | -142 | -142
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Table C.5 — Example of section of thermal correction table for a tank shell

Liquid Correction Liquid Correction Liquid Correction Liquid Correction
temperature| factor |temperature| factor |temperature| factor |temperature| factor
°C °C °C °C
-165,0 0,999 86 -161,0 0,999 97 -157,0 1,000 08 -153,0 1,000 19
-164,9 0,999 86 -160,9 0,999 98 -156,9 1,000 09 -152,9 1,000 20
-164,8 0,999 87 -160,8 0,999 98 -156,8 1,000 09 -152,8 1,000 20
-164,7 0,999 87 -160,7 0,999 98 -156,7 1,000 09 -152,7 1,000 20
—164,6 0,999 87 -160,6 0,999 98 -156,6 1,000 09 -152,6 1,000 20
—164,5 0,999 88 -160,5 0,999 99 -156,5 1,000 10 -152;5 1,000 21
-164,4 0,999 88 -160,4 0,999 99 -156,4 1,000 10 15274 1,000 21
—164,3 0,999 88 -160,3 0,999 99 -156,3 1,000 10 +152,3 1,000 21
H164,2 0,999 88 -160,2 0,999 99 -156,2 1,000 10 -152,2 1,000 22
—164,1 0,999 89 -160,1 1,000 00 -156,1 1,000'11 -152,1 1,000 22
-164,0 0,999 89 -160,0 1,000 00 -156,0 15000 11 -152,0 1,000 22
—163,9 0,999 89 -159,9 1,000 00 -155,9 1,000 11 -151,9 1,000 22
—163,8 0,999 90 -159,8 1,000 01 -155,8 1,000 12 -151,8 1,000 23
-163,7 0,999 90 -159,7 1,000 01 -155,7 1,000 12 -151,7 1,000 23
—H163,6 0,999 90 -159,6 1,000 01 -155,6 1,000 12 -151,6 1,000 23
—163,5 0,999 90 -159,5 1,000 01 -155,5 1,000 12 -151,5 1,000 23
—163,4 0,999 91 -159,4 1,000 02 -155,4 1,000 13 -151,4 1,000 24
-163,3 0,999 91 -159,3 1,000 02 -155,3 1,000 13 -151,3 1,000 24
—163,2 0,999 91 -159,2 1,000 02 -155,2 1,000 13 -151,2 1,000 24
H163,1 0,999 91 -159,1 1,000 02 -155,1 1,000 14 -151,1 1,000 25
Table C.6 — Example of section of a thermal correction table for float-type levellgauge
Corrections in millimetres
Vapour temperature
Gayige °C
T -160 |,<158 | -156 | -154 | -152 | -150 | -148 | -146 | -144 | -142 | -140 | 4138 | -136
30 -138\~~138 | -138 | -138 | -138 | -137 | -137 | -136 | -136 | -136 | -135 | 4135 | -135
31 139" | -138 | -138 | -138 | -138 | -138 | -137 | -137 | -137 | -136 | -136 | 4135 | -135
3R -139 | -139 | -139 | -138 | -138 | -138 | -138 | -137 | -137 | -137 | -136 | {136 | -136
3B =139 | -139 | -139 | -139 | 139 | -138 | 138 | -138 | -137 | -137 | -137 | }136 | -136
34 -140 | -139 | -139 | -139 | -139 | -139 | -138 | -138 | -138 | -138 | -137 | -137 | -137
35 -140 | -140 | -140 | -139 | -139 | -139 | -139 | -139 | -138 | -138 | -138 | -138 | -137
36 -140 | -140 | -140 | -140 | -140 | -140 | -139 | -139 | -139 | -139 | -138 | -138 | -138
37 -141 | -140 | -140 | -140 | -140 | -140 | -140 | -140 | -139 | -139 | -139 | -139 | -138
38 -141 | -141 | -141 | -141 | -140 | -140 | -140 | -140 | -140 | -140 | -139 | -139 | -139
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Table C.7 — Example of section of density correction table for a float-type level gauge

Range of density Correction
kg/m3 mm
420,0 to 424,1 5
424,2 to 433,5 4
433,6 to 443,4 3
443,5 to 453,6 2
453,7to 464,4 1
465,5to 475,7 0
475,8 to 487,5 -1
487,6 to 500,0 -2
Table C.8 — Example of cool-down table for spherical tanks
Starting eqpator resqplfi?:idtzl:gm Cool-down Actual LNG Enszgz,l:.zgz;rtz?‘ 0
temperatpre equator time required LNG heel | used for caol temperature
temperature to down of -110 °C
-110°C
°C MT h MT MT MMBtu
30 297 13,6 60 237 11034
25 290 13,3 59 231 10 765
20 281 12,9 55 225 10 486
15 272 12,4 53 219 10 210
10 265 12,0 51 214 9939
255 115 47 208 9672
249 11,1 47 202 9374
-5 239 10,6 44 195 9060
-10 230 10,1 41 189 8792
-15 222 9,7 39 183 8495
-20 213 9,3 37 176 8197
-25 203 8,8 34 169 7 883
-30 197 8,4 32 165 7 694
-35 188 8,0 30 158 7 350
-40 179 7,6 28 151 7006
-45 169 7,2 25 144 6708
-50 160 6,8 23 137 6 364
-55 150 6,4 21 129 6020
-60 141 6,0 19 122 5675
-65 132 5,6 17 115 5331
-70 120 51 13 107 4971

NOTE  Assumptions made in this table are the following:
— LNG density = 470 kg/m3;
— unit heat value = 46 520 Btu/kg (lower heating value of LNG);

— cargo cool-down table (one tank) at 5 °C intervals.
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— LN

—cCa

— unjit heat value = 46 520 Btu/kg (lower heating value of LNG);

Sprayed LNG Energy required to
. required to cool Actual LNG
Starting equator Cool-down reach equator
equator . . LNG heel |used for cool
temperature time required temperature
temperature to down o
o of -110 °C
-110 °C
°C MT h MT MT MMBtu
-75 110 4,7 12 98 4580
-80 101 4,3 10 91 4236
-8o oY 3,0 7/ 0L 3429
-90 80 34 6 74 3438
-95 68 29 4 64 2984
-100 54 2,3 1 53 2468
-105 42 1,8 3 45 1845
-110 0 0 0 0 I
NOTE  Assumptions made in this table are the following:

G density = 470 kg/m3;

rgo cool-down table (one tank) at 5 °C intervals.

C.2

For 4
cool
Actu

As an example, assume a heating value'of 52 417 Btu/kg for the LNG used to cool down the

110
dens
-110
the I
diffe

Undse
less |

Othe

Example of calculation of cool-down quantities

spherical tank, Table C.8 shows that a total«f 11 034 MMBtu has to be removed fron
tfrom 30 °C to -110 °C. This is equal to 237t of LNG if the LNG has a heating value of 46
h] cool-down quantities vary as a function of the density and heating value of LNG.

B4 000/52 417 = 210,5 t of LNG-are needed for cool down, which equates to 489,2 m3
ity of 430,3 kg/m3. Table/C\8 indicates that 237 t of LNG are needed to cool down f1

NG used in the tabl¢ and the LNG actually used in the calculations is 15,1 m3 or 3 ¢
Fence in the heatingvalue of the LNG.

r the same temperature conditions and LNG heating value, a membrane tank requires
LNG to cookddwn to cargo temperature because the mass of the tank is smaller.

r metheds ' may be used as mutually agreed upon or as indicated in the SPA.

1 the tank to
520 Btu/kg.
tank.

, based on a
om 30 °C to

°C, which equates to 504,3 m3, based on the data density of 470 kg/m3. The difference between

, due to the

bignificantly
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Annex D
(informative)

Calculation examples

D.1 Example of an LNG cargo calculation

The mass of
as ISO 6578

The cargo d
discharged

chromatogr
LNG cargoej

NOTE In|

Figure D.1 i
transfer ope

LNG, loaded or discharged, shall be calculated in accordance with industry metho@
2] or as specified in contractual requirements. q/

alculation includes the volume, mass and heating value of liquid and v &r, loads
from the LNG carrier. It shall include determination of composition, s s throug]
hphic analysis of representative samples, to determine LNG density and'heating value.

are calculated as energy transferred according to specific contra%@ methods.
the case of online gas chromatographs, the average value of all valid d oints is used for calcul

lustrates the typical steps to calculate the energy transf
ration.

during loading in a cus

1 Energy of g& ngine room
! @)tlonal)
)

N

such

bd or
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htion.
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46
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Figure D.1 — Cargo calculation flow chart for quantity and energy
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SHIP NAME
DATE

LOCAL TIME
PORT NAME
CARGO NO
CHIEF OFFICER

TRIM (m) 0,05 BY STERN

LIST (DEGREE) 0,10 TO STARBOARD

LEVEL (m) TANK 1 TANK 2 TANK 3 TANK 4
Ne T [ 37,332 a/,U0U 51,400 37,388
Ne.2 | 37,333 37,051 37,488 37,390
Ne.3 | 37,332 37,051 37,487 37,39
Ne.4 | 37,332 37,051 37,487 37,390
Ne.5 | 37,332 37,051 37,486 37,399

AVERAGE LEVEL (m) | 37,332 37,051 37,487 37,39

TIRIM CORRECTION (m) 0,000 0,000 0,000 0,00p

LIST CORRECTION (m) -0,001 —0,001 0,001 —0,00

THERMAL CORRECTION (m) —0,140 —0,141 —0,141 —0,14

CORRECTED LEVEL (m) 37,191 36,909 37,345 37,249

LIQUID VOLUME (m®) 35 840,527 35 701,728 35 912,842 35 868,054

VOLUME SUMMED (m®) 143 323,151 @—-160 °C

THERMAL EXPANSION FACTOR 1,000 02 @-159,2°C

CORRECTED LIQUID VOLUME (m®) 143 326,017 @-159,2°C

TEMPERATURE (°C)

100 % | -131,96 vV [ 137,24 V [ 134,68 V [ 137,68 v
75% | —159,30 L | -159,24 L | -159,33 L | —158,62 L
50 % | —159;31 L | -159,25 L | -159,36 L [ —158,61 L
25 % |-~150,34 L | -159,23 L | -159,40 L [ -158,79 L

0% 215931 L | -159,24 L | -159,36 L | 158,94 L

TANK AVG VAPOUR TEMP (°G) -132,0 -137,2 [ -134,7 [ 1376

SHIP'S AVG VAPOUR TEMP (°C) -135,4

TANK AVG LIQUID TEMR°C) -159,3 -159,2 [ -159,4 [ -158}

SHIP'S AVG LIQUID TEMP (°C) -159,2

TANK VAPQUR(PRESSURE (kPa(a)) 112,2 111,9 | 112,2 [ 112,2

SHIP'S AVG\VAPOUR PRESSURE

(kPa(a)) 112,1

COM AN MNAM

OO Nt TNTXT

SHIP'S MASTER

BUYER(S)

SELLER(S)

CARGO INSPECTOR

Figure D.2 — Example of custody transfer data — Before unloading
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SHIP NAME

DATE

LOCAL TIME
PORT NAME
CARGO NO
CHIEF OFFICER

TRIM (m) 0,00 EVEN KEEL
LIST (DEGREE) 0,03 TO STARBOARD
LEVEL (m) TANK 1 TANK 2 TANK 3 TANK 4
Ne.T [ 0,695 0,000 0,012 U,0b7/
Ne.2 | 0,696 5,885 0,612 0,567
Ne.3 | 0,695 5,885 0,612 0,567
Ne.4 | 0,694 5,885 0,612 0,567
Ne.5 | 0,695 5,885 0,611 0,566
AVERAGE LEVEL (m) | 0,695 5,885 0,612 0,567
TRIM CORRECTION (m) 0,000 0,000 0,000 0,000
LIST CORRECTION (m) 0,000 0,000 0,000 0,000
THERMAL [CORRECTION (m) —0,122 —0,128 —0,123 0,123
CORRECTED LEVEL (m) 0,573 5,757 0,489 0,444
TANK VOLUME (m®) 20,858 1952,047 14,474 11,785
VOLUME SUMMED (m®) 1999,164 @160 °C
THERMAL [EXPANSION FACTOR 1,000 02 @-159,2°C
CORRECTED LIQUID VOLUME (m®) | 1.999,204 @ -159,2°C
TEMPERATURE (°C)
100 % | —61,44 v | 68,34 vV | -64,00 V] 6440 i
75 % |-103,82 vili114,44 vV | -104,33 v | 106,44 i
50 % |-151,60 V- | -153,28 v | -151,38 v | -151,58 k
25 % |-157,69 v | -15842 v | 157,88 v | 157,80 q
0% |-159,12 L [-159,39 L | -159,01 L [ -159,28 L
TANK AVGE VAPOUR TEMP (°C) {1186 —1236 [ 119, | —120,1 |
SHIP'S AV(3 VAPOUR TEMP (°C) 1204
TANK AV LIQUID TEMP (°C) —159,1 —159,4 | —159,0 | —159,3 |
SHIP'S AV(5 LIQUID TEMP (°C) —159,2
TANK VAPDUR PRESSURE (kPa(a)) | 111,1 110,7 [ 11,1 | 11,1 |
SHIP'S AV(3 VAPOUR PRESSURE
(kPa(a)) 111,0
COMPANY MAK
SHIP'S MASTER
BUYER(S)
SELLER(S)

CARGO INSPECTOR

Figure D.3 — Example of custody transfer data — After unloading
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SHIP NAME
PORT NAME
CARGO NO
CHIEF OFFICER

BEFORE UNLOADING

ISO 10976:2015(E)

DATE

LOCAL TIME

TRIM (m) 0,05 BY STERN

LIST (DEGREE) 0,10 TO STARBOARD

TANK 1 TANK 2 TANK 3 TANK 4

AVERAGE LEVEL (m) 37,332 37,051 37,487 37,391

TRIM CORRECTION (m) 0,000 0,000 0,000 0,000

LIST CORRECTION (m) -0,001 —0,001 -0,001 -0,001
FTHERMALTCORRECTION) =07 140 =014t =074t =0 141
CORRECTED LEVEL (m) 37,191 36,909 37,345 37,249

TANK AVG VAPOUR TEMP (°C) -132,0 —-137,2 [ 1347 [=137,6 |
SHIP'S AVG VAPOUR TEMP (°C) -1354

TANK AVG LIQUID TEMP (°C) -159,3 —159,2 [ 1594 | -158,7 |
SHIP'S AVG LIQUID TEMP (°C) -159,2

TANK VAPOUR PRESS. (kPa(a)) 112,2 111.9 [ 1122 [112,2 |
SHIP'S AVG VAPOUR PRESS. (kPa(a)) 112,1

TANK VOLUME (m®) 35 840,527 35701,728 35 912,842 [ 35 868,054 |
VOLUME SUMMED (m?) 143 323,151 @ -160,0 °C

THERMAL EXPANSION FACTOR 1,000 02 @-159,2 °C

CORRECTED LIQUID VOLUME (m®) 143 326,017 @ —-159,2°C(A)

AFTER UNLOADING

DATE

LOCAL TIME

TRIM (m) 0,00 EVEN KEEL

LIST (DEGREE) 0,03 TO STARBOARD

TANK 1 TANK 2 TANK 3 TANK 4

AVERAGE LEVEL (m) 0,695 5,885 0,612 0,567

TRIM CORRECTION (m) 0,000 0,000 0,000 0,000

LIST CORRECTION (m) 0,000 0,000 0,000 0,000
THERMAL CORRECTION (m) 0,122 -0,128 -0,123 -0,123
CORRECTED LEVEL (m) 0,573 5,757 0,489 0,444

TANK AVG VAPOUR TEMP (°C) -118,6 —123,6 [ 1194 [ -120,1 |
SHIP'S AVG VAPOUR TEMP (°C) -120,4

TANK AVG LIQUID TEMP (°C) -159,1 —159,4 [ —159,0 | —159,3 |
SHIP'S AVG LIQUID TEMP (f€C) -169,2

TANK VAPOUR PRESS:-(kPa(a)) 1111 110,7 [111,1 [111,1 |
SHIP'S AVG VAPOUR/PRESS. (kPa(a)) 111,0

TANK VOLUME(m®) 20,858 1952,047 [ 14,474 [ 11,785 |
VOLUME SUMMED (m3) 1999,164 @-160,0 °C

THERMALEXPANSION FACTOR 1,000 02 @-159,2°C

CORRECTED LIQUID VOLUME (m®) 1999,204 @ -159,2 °C (B)

VOLUME UNLOADED (m? 141 326,813 (A-B) 141327 (A-B)

COMPANY NAME

SHIP'S MASTER
BUYER(S)
SELLER(S)

CARGO INSPECTOR

Figure D.4 — Example of certificate of unloading

D.2 Example of calculation of density

The density of LNG, loaded or discharged, shall be calculated in accordance with contractual
requirements or if not otherwise specified, in accordance with industry methods, such as ISO 6578.[2]
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Densities based on assumed values from specific cargo sources (density libraries) should not be used
for custody transfer quantity determination because of the possibility of potential contractual conflict
and inaccuracy because of compositional changes during the LNG carrier journey.

In this example the density, p, of LNG is calculated using the revised Klosek-McKinley method.

p= » (D.1)
> & V) -k, +(k2-k1)xQ07‘;?25 XX,
where
p is the density of liquid, expressed in kilograms per metre cubed (kg/m3);
Xj is the mole fraction of component i determined by the analysis;
Xm is the mole fraction of methane;
Xn is the mole fraction of nitrogen;
M; is the molecular mass of component i, expressed in kilograms\per kilomole;

NOTE1  V3lues of M; can be found in the following standards: ISO 6578,[2k1SO 6976,[4] GPA Standard 2145,[11]
and EI PMM Part III Section 1 (IP 251/76).[9]

Vi is the molar volume of component i, as liquid at tétmperature of T °C, expressed in cibic
metres per kilomole;

NOTE2  Mplar volume is the volume of gas occupied by dne mole under specific reference conditigns of

temperaturejand pressure. Values of V; can be found in the following standards: 1ISO 6578,[2] National Burgau of
Standards NBSIR 77-867,[14] and National Bureau of Standards Technical Note 1030.[15]

k1 and K are the correction factors for volume reduction of liquid at temperature of T °C;

NOTE 3  V3lues of k1 and k; can be found in,the following standards: ISO 6578, National Bureau of Stanflards
NBSIR 77-867,[14] and National Bureau of Stahdards Technical Note 1030.[15]

T is the average temperature of the liquid in the ship’s tanks after loading or before ujn-
loading.
Mo Moll:rcu- Molar
Component fraction xiM; volumea xiVi
. massa v
1 Mf 1

CHy 09000 |16,0426 |14,438340|0,038259 (0,034 433
C>Hg 0,0490 |30,0694 |1,473401 (0,048 010 {0,002 352
C3Hg 0,0290 [44,0962 [1,278790 [0,062570 [0,001 815
n-C4H1o 0,0130 |58,1230 |0,755599 (0,076 952 {0,001 000
i-C4H10 0,0040 |58,1230 |0,232492 (0,078 433 [0,000 314
n-CsHiz 0,0010 |72,1498 |0,072150 0,091 667 {0,000 092
N2 0,0040 |28,0134 |0,112054 |0,047 659 |0,000 191
Total 1,000 0 — 18,362 826 — 0,040 197
a  cf. IS0 6578:1991.
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