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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The ce At e Hrtended i rer—atatenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO diraws attention to the possibility that the implementation of this documieht may invplve the use
of (a] patent(s). ISO takes no position concerning the evidence, validity or dpplicability of pny claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received
notide of (a) patent(s) which may be required to implement this docuntenit. However, implejmenters are
cautjoned that this may not represent the latest information, whichXmay be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such(patent rights.

Any trade name used in this document is information givenfor the convenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specifi¢ terms and
expressions related to conformity assessment;-as well as information about ISO's agherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Techfical Committee ISO/TC 28, Petroleum and related products,
fuels|and lubricants from natural or synthetic sources, Subcommittee SC 5, Measurement of|refrigerated
hydrpcarbon and non-petroleum based liquefied gaseous fuels.

Thisthird edition cancels and replaces the second edition (ISO 10976:2015), which has been technically
reviged.

The main changes are.as-follows:
— Table 1 has been/modified,
— :I: 5.7 and 6.4, new international standards have been cited,

Annex D, the example has been updated according to ISO 6578:2017.

Any foadhacle o ainctinne an thic oot choanld s dsenctnd e +hn o’

2t
CTO oot OT QU oTIOTS ULt oS oo TUImiC e srrourtr ot oo C oo o totTiiCo st s 1o

standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides accepted methods for measuring quantities on board 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 document is intended to establish uniform practices for measuring the quantity of cargo on board
LNG carriers from which the energy is computed. It details the current, commonly used 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.

Safety or olperating practices can apply, including those recommended by organizations_sug

the Internat
Companies
and the Soc
companies.

The Interna
since this sy
carrier tank
made in US

is intended

transfer.

ional Maritime Organization (IMO), the International Chamber of Shipping (IGS),th
nternational Marine Forum (OCIMF), the International Group of LNG Importers (GII
ety of International Gas Tanker and Terminal Operators (SIGTTO), or individual oper

fional System of units (SI) is used throughout this document as the primary units of meg
'stem is commonly used in the industry for these types of cargoes-However, as some
s are calibrated in US customary units and some sales and purchase agreements (SPA
Customary units, both SI and US customary equivalents are shown. Proper unit conve
fo be applied, documented and agreed upon among all parti€s involved in the LNG cug

h as
e Oil
GNL)
ating

sure
LNG
) are
rsion
tody

Vi
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Refrigerated light hydrocarbon fluids — Measurement of
cargoes on board LNG carriers

1 Scope

This document establishes all necessary steps to properly measure and account for the quantities of

of li

carr
LNG
LNG

2

The
cons
undg

ISO 4

ISO
requ

ISO §
and i

ISO
requ
boar

ISO 1
as fu

ISO 7
the ¢
hydr

IEC €
with

) )
uid volume, vapour volume, temperature and pressure, and accounting for the tota
rgo on board. This document describes the use of common measurement systems o

fers, the aim of which is to improve the general knowledge and processes in;the' mea

or all parties concerned. This document provides general requirements fon those iny
rade on ships and onshore.

ormative references

following documents are referred to in the text in such a #yay that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

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

943:2007, Refrigerated light hydrocarbon fluids — Sampling of liquefied natural gas —
ntermittent 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

9970, Refrigerated hydraéarbon and non-petroleum based liquefied gaseous fuels — Me
bl on LNG carriers duking cargo transfer operations

1903, Refrigerated hydrocarbon fluids — Dynamic measurement — Requirements and ¢
plibration and installation of flowmeters used for liquefied natural gas (LNG) and other
pcarbon fluids

0533, Electrical and electronic installations in ships — Electromagnetic compatibility (E|
a metallic hull

easurement
quantity of
board LNG
surement of
olved in the

heir content
applies. For
hts) applies.

578:2017, Refrigerated hydrocarbon liquids — Static measurement — Calculation procedure

— General

- Continuous

— General
tural gas on

tering of gas

uidelines for
refrigerated

MC) — Ships

ISO

16903, Petroleunt and matural gas Industries — CHaracteristics of LING, Infiuencing th

material selection

[ACS,

Unified Requirements E10

3 Terms, definitions and abbreviated terms

3.1

Terms and definitions

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

©ISO
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

3.11

absolute pressure
total of the gauge pressure plus the pressure of the surrounding atmosphere

3.1.2
aerating

<context of
tank to purg
ensure a brd

3.1.3

approved e
equipment g
society or of

preparing a tank for entry> introduction of fresh air with an acceptable dew point int
re inert gases and to increase the oxygen content to approximately 21 % of volume|so
athable atmosphere

quipment
fadesign approved by a recognized authority, such as a governmental.agency, classific
her accredited agency which certifies the particular equipment as safe’for use in a speq

hazardous gtmosphere

314
automatic {
ATG
instrument
either contil

3.1.5
automatic t
ATT
instrument
continuousl

3.1.6
boil off
process of e

3.1.7
boil-off gas
vapour prog

3.1.8

cool down
process of r
with custod

ank gauge

that automatically measures and displays liquid levels or ullages in one or more t
huously, periodically or on demand

ank thermometer

that automatically measures and displays the temperature of the contents in a
y, periodically or on demand

yaporation of a liquid resulting from heat ingress or a drop in pressure

uced by boil off(321.6)

educing the temperature of equipment, such as piping, transfer arms and tanks assoc
y transfer cargo movements, to required operating temperatures

0 the
as to

htion

ified

hnks,

fank,

jated

3.19

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

sample container, usually used for intermittent sampling (3.1.19), capable of maintaining constant
pressure during the sampling of gas from the process line into the gas cylinder

[SOURCE: IS

3.1.10
continuous

08943:2007, 3.4]

sampling

sampling from gasified liquid natural gas (LNG) with constant flow rate

[SOURCE: IS

0 8943:2007, 3.5]

© IS0 2023 - All rights reserved
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3.1.11

drying

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

3.1.12

filling limit

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.

3.1.13
full range
range between the maximum and minimum measurable value

3.1.14
gas ¢ode
regulation on the construction of ships carrying liquefied gases developed by the International
Maritime Organization

Note |l to entry: These include the IMO International Code for the ConStruction and Equipment of Ships Carrying
Liqueffied Gases in Bulk (IGC Code) (generally applies to ships built after17 July 1986), the IMO Code forff Construction
and Hquipment of Ships Carrying Liquefied Gases in Bulk (GC Code).(generally applies to ships built ¢n or after 31
December 1976 but prior to 17 July 1986) and the IMO Code«fol Existing Ships Carrying Liquefied |Gases in Bulk
(gengrally applies to ships delivered before 31 December 1976), as applicable to each vessel.

3.1.15
gas §ample container
sample container, usually used for continuous-sampling (3.1.10) and used for the retention of the gas
sample and for its transfer to an analysing instrument

[SOURCE: ISO 8943:2007, 3.6]

3.1.16
gassjng up
process of replacing an inert@timosphere in a cargo tank with the vapour from the shore or from another
cargp tank to a suitable feyel, to allow cooling down and subsequent loading to achieve a specified
environment with at ledsta defined methane (CH,), carbon dioxide (CO,) and oxygen (0,) dontent

3.1.17
heel
amoynt of carge‘retained in a cargo tank prior to loading or after discharge

3.1.18
inerting

. B
Introagetenoetiner

frodmtn g thn 1t Ao A
\,Lulllllls CITU TTIICT U CUIITUIVIVUITY

<
.

.

7
"N
+
&
¥
o
g

7

o

g

«
P
P

3.1.19

intermittent sampling

sampling from gasified liquid natural gas (LNG) with predetermined intervals or with predetermined
flow amount intervals

[SOURCE: ISO 8943:2007, 3.9]

3.1.20

letter of protest

letter issued by any participant in a custody transfer citing any condition with which issue is taken and
which serves as a written record that a particular action or finding was observed/questioned at the
time of occurrence

©1S0 2023 - All rights reserved 3
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liquid natural gas carrier
LNG carrier
cargo ship specifically constructed and used for the carriage of liquid natural gas (LNG) in bulk

3.1.22

liquid natural gas sample vaporizer
LNG sample vaporizer
apparatus to completely gasify the liquid natural gas (LNG) sample collected from the LNG transfer line

[SOURCE: IS

0 8943:2007, 3.11]

3.1.23
multiple-sp
multiple-sp

automatic tqnk thermometer (ATT) (3.1.5) consisting of multiple spot temperature elemeérnt sensg

measure thd

Note 1 to en
submerged t4
also display {

[SOURCE: IS
term has be

3.1.24
notice of ap
notice issue|
which serve

3.1.25
offline ana
procedure d

sample contqiner (3.1.15) or a constant pressure/floating piston sample container (3.1.9)

[SOURCE: IS
3.1.26

online analysis

procedure
pipelines or

[SOURCE: IS

3.1.27
online gas ¢

ot automatic tank thermometer
ot ATT

temperature(s) at selected liquid level(s)

mperature elements sensors to compute the average temperature of theliquid in the tank, an|
he temperature profile in the tank.

0 4266-5:2002, 3.4, modified — the definition and note 1 tg«¢ntry have been modifiec

bn changed from "multiple-point” to "multiple-spot".]

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

ysis
f analysis implemented on the representative sample gas that is once charged into

0 8943:2007, 3.13]

f analysis impleniented using analytical equipment that is directly connected thr
other means to_the'sampling device

0 8943:2007¢3:14]

"hronyatograph

rs to

try: The readout equipment for a multiple-point averaging ATT averages-the readings froin the

d can

|; the

and

h gas

ough

nline

gas chroma

ograph that is directly connected to the pipelines or sampling device to implement g

2/

analysis (3.1

.LUJ

[SOURCE: IS

3.1.28
seal water

08943:2007, 3.15]

water used in the water-seal-type gas sample holder (3.1.35) to preclude contact of the gas sample with
the atmosphere

[SOURCE: IS
3.1.29

0 8943:2007, 3.19]

tank capacity table

numeric tab

les that relate the liquid level in a tank to the volume contained in that tank
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3.1.30
vapour
fluid in the gaseous state that is transferred to/from or contained within the cargo tank

3.1.31
vapour pressure
pressure at which a liquid and its vapour are in equilibrium at a given temperature

3.1.32
verification
process of confirming the accuracy of an instrument by comparing to a source with known uncertainty

emperature

able rubber

working range

range of an instrument in normal operation

3.2 | Abbreviated terms

API American Petroleum Institute

ATG automatijetank gauge

ATT automatic tank thermometer

BOG beil-off gas

CP/FP constant pressure/floating piston

CTMB custody transfer measurement system

EMC electromagnetic compatibility

FSRU floating storage and re-gasification unit

GCU gas combustion unit

GIIGNL International Group of Liquefied Natural Gas Importers
GNG gaseous natural gas

GPA Gas Processors Association

IACS International Association of Classification Societies

© IS0 2023 - All rights reserved 5
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IAPH

ICS

IEC

IGC Code
IMO

ISGOTT

International Association of Ports and Harbors
International Chamber of Shipping
International Electrotechnical Commission
International Gas Carrier Code

International Maritime Organization

International Safety Guide for Oil Tankers and Terminals

LNGC
MPMS
MSDS
0BQ
OCIMF
ROB

I
SIGTTO
SPA
VEF

4 Gener

4.1 Gene

This clause
represent s
addition to {
in relevant

IMPORTAN|
under the d

Personnel i

and be proI

liquefied natural gas carrier

Manual of Petroleum Measurement Standards

material safety data sheet

on board quantity

0il Companies International Marine Forum

quantity remaining on board

International System of Units

Society of International Gas Tanker and Terminal Operators Limited
sales and purchase agreement

vessel experience factor

nl operating safety precautiens and regulations

applies to all types of_measurement on board LNG carriers. While these precautions
hfe operating practices, they should not be considered complete or comprehensivie. In
hose listed in this\decument, reference should be made to all safety precautions contdined
perating guidelines.

T — Anyone working with the vessel's measurement equipment shall be, at all tlt'nes,
irection.and supervision of the Master of the vessel or its designated representative
erly.trained in its use.

volved in the handling of liquefied natural gas should be familiar with its physical and

chemical characteristics, including potential for Iire, explosion, cryogenic burns (irostbite] and
reactivity, as well as the appropriate emergency procedures. These procedures should comply with the
individual company’s safe operating practices. Local, state and federal regulations can apply, including
those covering the use of proper protective clothing and equipment. Personnel should be alert in order
to avoid potential sources of ignition.

SIGTTO publications[211[22] should be consulted to ensure familiarity with the characteristics and
hazards of LNG, all fire protection and firefighting equipment on board LNG carriers, along with the
appropriate fire hazard management plan.

API Standard 2217A and any applicable regulations should be consulted where entering into confined

spaces.

© IS0 2023 - All rights reserved
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Information regarding particular material safety and conditions should be obtained from the employer,
manufacturer 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. 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.

Accordingly, the latest editions of relevant IMO, SIGTTO, API and OCIMF publications, and, in particular,
the latest editions of the ICS Tanker Safety Guide,[26] ISGOTTILZ] and SIGTTO[22] should be consulted for
applicable safety precautions.

Any changes to measurement systems require the approval of the vessel’s flag adminisj:ation and/
or clpssification society and require external verification of accuracy by a competent inetrological
authprity for LNG custody transfer measurement purposes.

All described equipment shall meet the minimum requirements as detailed* by the vessel's flag
administration and classification society.

4.2 | Electrical equipment classification

All measurement equipment used shall be approved equipment, which is certified intrinsically safe
or otherwise approved for its intended use, including approptiate grounding. Also, all nleasurement
equipment is expected to be designed and installed to meeét applicable national and international
marine safety codes and regulations.

4.3 | Electromagnetic disturbance

All cyistody transfer measurement systems (CTMS) shall be designed for electromagnetic cpmpatibility
(EM(), complying with user requirements. ThiS means that the equipment shall neither interfere with
nor bhe affected by interference from other‘equipment. Requirements and tests shall be inl accordance
with|IACS Unified Requirements E10 and TEC 60533.

4.4 | Maintenance

All njeasurement equipmentsshall be maintained in safe operating condition and in compliahce with the
manfifacturers’ instructions.

4.5 | Service conditions

All measurementiequipment shall be capable of withstanding the vibration, pressure, temperature,
humidity and{other environmental operating conditions likely to be encountered in the LING carrier’s
service.

4.6 (‘nmpafihilify

All measurement equipment shall be constructed with appropriate materials suitable for use in LNG
service in accordance with the appropriate gas codes or ISO 16903.

4.7 Personnel protection

All personnel involved in LNG cargo activities should wear the appropriate personnel protective
equipment required for the operation and be trained in its proper use. They should also be trained
regarding the inherent hazards of LNG, as required by the ICS Tanker Safety Guidelltl and the LNG
MSDS.

©1S0 2023 - All rights reserved 7
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4.8 Procedures

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

5 Measurement systems and equipment

5.1 General

Determination of cargo quantities on board an LNG carrier by the static measurement method requires

measureme
vapour and
is calculateq
measureme

a)
b)
c)
d)
e)
f)
NOTE  Aj

located onsh
quality, inclu

cargo tJ
electric
automa
multiplg
pressur]

a CTMS

To determin
be determin
pressure, te
of the close
other than

accuracies d

5.2 Meas

The perfory
variables arf
instructions
absence of

nt of the liquid level (which 1s the liquid/vapour interface) as well as the pressure, g
average liquid and vapour temperature of each cargo tank. The volume of the liquid-g
| using the tank capacity table with any necessary corrections made. The custedytra
ht system (CTMS) includes the following:

nk capacity tables;

bl type inclinometers and/or draft gauges;
Fic tank gauges;

-spot ATTs;

e Sensors;

computer.

LNG quantities are generally transferred in unitsof energy, an automatic sampler system, typ
re, provides a representative sample of the cargo, which is analysed for the determination of
Hing density by compositional analysis using a-gas chromatograph.

e the quantities of cargoes on board(LNG carriers, the amount of liquid in each tank
ed. The factors required to accomplish this include a calibrated tank, as well as liquid
mmperature and trim/list measurement equipment. The tank gauging systems used sh{
l type. The most commonly used equipment is described in this clause. Certified sys
those described in this doeument may be used for custody transfer measurement i
f each can be ascertainéd;and if the SPA permits their use.

urement equipnient performance

nance criteria>of the primary and secondary equipment used to determine meag
e established'in International Standards, governmental regulations, SPAs, manufacty
and calibration certificates, and are limited by the uncertainty of the instrument. |
specified tolerances, the maximum permissible error from certification shall mee

tolerances 1escribed in Table 1.

f the
argo
hsfer

ically
cargo

shall
evel,
11 be
tems
f the

ured
rers'
h the
t the
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Table 1 — LNG measurement equipment performance criteria

5.3

All s
use.

perid
whef]

The
by a

Calib
indej
the @
and 1

Tolerance Display resolution

Level +5,0 mm?2 1 mm
Pressure +0,5 % of working range 0,1 kPa
Temperature
<-145°C +0,2 °C 0,1°C

+45-2€ ++5°€ 8+2€
Draft reading +50 mm 10 mm
Trim (inclinometer) +0,5 % of working range 10 mm
List (inclinometer) +0,5 % of working range 0,01°
BOG flowmeter +2 % of full range 10ckg
a2 Some existing ATGs are not able to meet this verification tolerance, in which case a
verification tolerance of +7,5 mm may be applied.

Calibration and certification of measurement equipment

pecified measurement equipment used on board an LNG)carrier shall be certified pr
Subsequently, measurement equipment and systems shall be re-calibrated and re-cg
dic basis (SPA or national requirements can apply).“Measurement equipment shall be
e modification or repairs are carried out and whiclbaffect the accuracy of the measure

omponents of the CTMS and the accuracy of the quantity calculation of the CTMS shall
Fecognized inspection body.

ration and re-calibration shall be pérformed by a qualified technician and witng
pendent inspector. Upon successful ¢alibration, the results shall be certified by the part)
alibration and a certificate of calibration issued. Refer to B.2 for further details on re
e-certification.

Mantifacturers of the measurément equipment and systems may participate in the calibr

ofter
relat
be Wi
incof

Calib
whid

5.4

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 cdngist of components of the measurement subsystem(s), delivers the specified

Verification of measurement equipment between dry dockings

jor to initial
rtified on a
re-certified
ment data.

be certified

tssed by an
) witnessing
-calibration

htion, which

requires setting, maintehance or replacement prior to final calibration of the equipment and the

work should
ponsible for

equipment,
accuracy.

In addition to calibration during each dry docking, all measurement devices used in custody transfer
shall be checked before use at each loading or discharge to ensure they are in good working condition.

The comparison of the primary and secondary measurement device within a tank should be performed
as one means of verification. The results of this comparison should be recorded and tracked by the
vessel operator. One method of evaluating the results is by using a control chart. For control charts,
see B.3.

Other devices may be verified while the ship is in service. For example, pressure gauges may be verified
against a reference standard device. Trim/list gauges, such as inclinometers or draft gauges (if used for
level corrections) may be verified/calibrated at even keel by comparison to manual draft measurements
or other equivalent procedures.
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Where equipment is suspect or has failed, secondary devices shall be used in its place until the
equipment is repaired or verified to be in good working order. For example, in situ temperature
verification/calibration at cryogenic conditions is not practicable; therefore, temperature sensors
which have been shown to be faulty when verified during normal operation shall be replaced.

Where the measurement equipment can be verified against a known value, the results of this verification
should be recorded and tracked. If the primary measurement system is found to be out of calibration,
use of the secondary measurement system should be considered.

5.5 Inspection of measurement equipment during transfer operations

Prior to and during a custody transfer, the involved parties or an appointed independent inspgctor
should insp¢ct the measurement equipment described in 5.1 to ensure that it is fully functional{and also
identify any| deficiencies. The ship's records should be reviewed to determine whether the calibrption
certificates pre valid and current.

Exceptions and malfunction of measurement equipment, if any, prior to and during @‘custody transfer,
should be inhmediately 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 cafried
out on the measurement devices in question, and the results should be docuinented.

5.6 Stati¢ measurement systems and equipment

5.6.1 Genleral

Static measfirement systems and equipment are those individual systems and equipment which are
used to measure cargo in the tank. They include the follgiving components listed in 5.6.2 to 5.6.9.

5.6.2 Tank capacity tables

5.6.2.1 Géneral

An indepenfdent company usually performs the calibration and generates the tank capacity tpbles
during the |puilding of the LNG carkier. They take into account the configuration of the tank, its
contractionfaccording to the temperature of the liquid, and the volume occupied by various devices, e.g.
cargo pumps.

Tank capacity tables are djwided into:
a) main gauge tablesseorrelating the liquid level and volume under reference conditions, and

b) correction tables or methods, taking into account actual conditions of the LNG carrier and its
measurjngdnstruments.

The tank capacitytablesand retated-information,includingthe mreasurements carried—outamd the
observations made by the party performing the tank calibration and traceability of the equipment used,
may be contained in a tank calibration report. Additional discussion is provided in 5.6.2.2 to 5.6.2.5.

Accuracy in determining cargo tank quantities is directly related to the accuracy of the LNG carrier’s
capacity tables. Therefore, the LNG carrier’s cargo tanks are expected to be measured, and tank
capacity tables developed and maintained according to API, ISO or other internationally recognized
standards or regulations.

For each LNG carrier, there is a tank capacity table applicable to the custody transfer automatic tank
gauge (ATG) for each tank. For a typical tank equipped with a primary and secondary ATG, this may
be presented as two separate capacity tables, each with its own set of correction tables or as a single
capacity table based on the primary level device location, with separate correction tables for each ATG
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and an offset correction for the secondary level device to account for any differences in gauge reference
height.

Each

i

set of tank capacity tables and related correction tables or methods shall:

be certified as meeting the standard used;

state the volumetric uncertainty of the capacity;

nclude examples illustrating their intended use;

identify the calibration method within the tank capacity tables or in the tank calibration report;

An €
gene

Each|
equij
tank

inclulde certified values for any measured level which is used forvérification of the tank gau

TanK
poin{
indig
Such

are 11
time

NOTH
be =0

5.6.2

TanKk
level

e documented in English, with any additional languages optional;
e made available in printed form.

xample of a tank capacity table for a spherical tank is given in Annex(€.'The sam|
Fally apply to those vessels with prismatic tanks.

set of tables shall include corrections for trim, list, thermal ceffects and any m
bment adjustments as necessary to accurately adjust the quantitiés observed in the
conditions at the time of measurement. In addition, for each tank, the tank capacityj

tables shall indicate the location of the primary and seceiiddry level gauge (i.e. the gau
s). One or more examples shall be included in the tank calibration report or tank cg
ating the correct use and interpretation of any correction tables.

tables shall be made available to personnel performing the measurements as needed. |
ot made available or cannot be verified, a letter of protest noting the situation shall b
of measurement.

Tank calibrations reports typically,state the tank’s volumetric uncertainty at ambient te
,2 % or better, which translates to a maximum uncertainty for a tank of 26 000 m3 of 52 m3 L

.2 Tank capacity tables resolution

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

e principles

easurement
tank to the
tables shall
bing system.
pe reference
pacity table

f such tables
b filed at the

mperature to
NG.

the range of

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

a) fables showing-velumes for each centimetre of gauge height, with volumes for eaclh millimetre
¢orrespondingto the normal ranges during the opening and closing of gauges (i.e. near the top and
Ibottom of-thetank);

b) tablessshowing volumes for each centimetre of gauge height with the incremental volyme for each
oW,

c) tables showing volumes for each millimetre of gauge height throughout the total volume of the

tank.

See Table C.1 for an example of a section of a spherical tank capacity table.

5.6.2.3 List and trim correction tables

The main gauge tables are established for an LNG carrier with zero list and trim. Therefore, it is
necessary to correct the gauge height reading to consider a list or a trim which is not zero. This
correction differs depending on the position of the gauging device relative to the tank. Therefore,
unique corrections are required for each different ATG.

These corrections can be positive or negative. Thus, the real height is equal to the algebraic sum of
the height reading, the correction for list and the correction for trim. These tables are made up in
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degrees for the list and in metres for the trim, with fixed steps of variation. For intermediate values, the
correction is calculated by interpolation.

See Table C.2 for a sample section of a trim correction table. See Table C.3 for an example of a section of
a list correction table.

5.6.2.4 Tank thermal correction tables

Thermal correction tables shall be provided for self-supporting tanks and may be required for other
tank designs. The corrections are related to the volume variations resulting from the contraction of the
tanks according to the temperature of the liquid and gaseous phases. See Table C.5 for a sample section
of a thermal[correction table for a tank shell.

5.6.2.5 Level gauging device thermal correction tables

Frection tables may be provided for LNG carriers with level gauging deyices of ceftain
tables attempt to correct the level gauge reading for the effect of tempéerature, basgd on
ce between the reference conditions during calibration versus the operating temperdture.
may be applied either automatically or manually.

Thermal co
types. Such
the differen
Corrections

For exampld, the corrections may take into account the shrinkage of the flaattape or wire accordi
the temperdture of the gaseous phase, the height of the liquid, and the mevement of the reference g
height.

ng to
auge

See Tables
and float-ty

.4 and C.6 for examples of sections of thermal correction tables for a radar-type level g
be level gauge, respectively.

auge

5.6.2.6 Density correction tables

rection tables may be provided for flpat-type level gauges to compensate for the |float

it varies with LNG density. See Table,C:7 for an example.

Density corj
buoyancy ag

5.6.3 Trim and list measurement

5.6.3.1 Géneral

Tank capaci
— taking 4]

measur

The impact
centralized

Ly tables are based ol 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¢he LNG carrier.

bf trim and list varies with the tank type. On an LNG carrier with spherical tanks, due
ocation'of the level gauge on the tank, trim and list have a minor impact on the uncert

o the
hinty

bcted
tank

of the measy
by the larg
bulkhead.

hred ‘quantities. However, for a membrane tank LNG carrier, the trim correction is affg

dictanco fram thao tanl contro +ta tha tunical nacitinan af thao loval ganao noar thao A ft
St ee o e Cehtre+to—+e Yy picar P oS0+ revergatdfeHedt—+near+

5.6.3.2 Trim and list by inclinometer

Where inclinometers are used in the LNG carrier service, they are predominantly two-axis type and are
used to measure trim and list, although they may also be used to measure either individually.

Inclinometers measure trim and/or list based on gravitational principles. The most common methods
are capacitance based; otherwise, they make use of electrolytic technology, where a liquid in a
precisely designed and closed chamber is moving. Other types exist, but only those with servo-assisted
technology and an inertial mass/optical sensor within a servo feedback loop give sufficiently accurate
and stable measurements. These are electronic instruments which can communicate with the CTMS,
preferably using digital signals.
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Verification tolerances for inclinometers are provided in Table 1.

It should be noted that the total uncertainty in addition to the contributions from the inclinometer and
its installation also includes contributions from the structural bending due to the state of load of the
LNG carrier and differences between the inclinometer location and the individual tank locations.

Refer to ISO 19636 for information on design and installation.

5.6.3.3 Trim and list by draft measurement

An alternative to inclinometers is draft (also known as draught) measurement. The draft may be

meas
digit

B4 o

5.6.4

Aftel
carg
cond
elim

LNG
of LN
to g4
(usu
table
socig
quary

5.6.5

5.6.5

LNG
requ
the

company. Other methods, such as those employing spray nozzle flow rate and duration d

measg

5.6.5

Cool;
that

| 11 b dnn 1l el 1 d s | ke d
urcu ulauuau_y Ul duLUllldLlLdlly, VILUID dIl TICTCLUI U‘Pllcullldtlb uldit IIICTdsSurcclIiiciit 5
hl communication) being common.

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

Tank gassing-up tables or means of determination

lay-up or dry dock, the LNG carrier cargo tanks are filled with nitfogen or other ine
b tanks contain nitrogen, the cool-down process may begin without purging. In ord¢
fition to receive cargo, inert gas may need to be purged with LNGwapour prior to the
nate high boiling temperature gases, such as carbon dioxide

carriers usually have gassing-up tables or formulae which are used for determining
s up the cargo tanks by applying a displacement ratio depending on the type of the
lly between 1,4 and 1,8 for prismatic tanks, andbetween 1,1 and 1,4 for Moss tanks)
s are usually provided by the tank manufacturer or shipbuilder and should be certified
tities.

Tank cool-down tables or means of determination

.1 General

carriers have cool-dowpr tables or formulae, which are used for determining the qua
red to cool a tank dewn to a specified temperature. Cool-down tables are usually
ank manufacturer®i-shipbuilder and should be certified by the class society or an

ured by metrés,may be used.

.2 Cool-down tables

downtables are based on a specific LNG composition. Therefore, care should be take

ystem (with

It gas. If the
br to be in a
ool down to

he quantity

G required to gas up the cargo tank(s). These tables give an estimation of the LNG quantity used

cargo tanks
Gassing-up
by the class

ty or an independent company. Some shore’terminals rely on meters as means to mleasure such

ntity of LNG
provided by
ndependent
r quantities

bn to ensure

fhe composition and heating value therein are appropriate for the cargo to be loaded.

5.6.5.3 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.

Spherical tank designs can require that a specific temperature be achieved at the tank equator prior to

loadi

ng, 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 °C or lower.

In addition to the foregoing cool-down requirements, terminal operators may impose other tank cool-
down temperature requirements on the vessel prior to commencing loading operations.
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See Table C.8 for an example of spherical tank cool-down tables.

5.6.5.4 Cool-down table calculation basis

The following information should be included as part of the tank calibration report or as part of the
cool-down table:

a) cargo tank volume (100 %) including liquid dome;
b) individual sprayer flow rate;

¢) numberofsprayerstobeused for cool down;

d) LNG composition.

5.6.6 Liquid level measurement equipment

5.6.6.1 Gg¢

At least two

primary and secondary level measurement systems shall be independent,Such that the failure o

does not aff]
and security
Codes and s

The ATG sy
installation,
the vessel's
level measu

tneral

independent means of determining liquid level shall be available.for each cargo tank]

pct the other. The systems shall include a provision for an audit trail to record all chd
r to prevent unauthorized changes. The systems installed-should be consistent with th
Litable for the cargoes being carried (see IGC Code, Chapter 19118]).

stem, also referred to as an automatic level gauging system, shall meet the accu
calibration and verification requirements of 1IS0~18132-1, as well as the requiremer

rement technologies applicable to LNG custgdy transfer include but are not limited to:

The

f one

nges
e [GC

racy,
ts of

flag administration and classification societieés, where applicable. Examples of automatic

a) radar (rhicrowave) gauges;

b) float gauiges;

c) capacitdnce gauges.

Other techrologies such as laser level gauges are available, but not yet in common usage for| LNG
custody trapsfer measurement. Technologies continue to develop and can 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 installation of a newautomatic tank gauging system may also require a correction factor to acqount
for a differept gauge reférence height.

5.6.6.2 Radar (microwave) gauges

The 1ocatlo Cfthe radar 1e‘vrel aggjuge trancmittoraonthetankic animnartant cancidaration The Fa¥a¥s ltlon

T T e e e O T tet T o o T p o tar e Co o S ot ot 1t

of the gauge mounting with respect to the tank’s datum point can be subject to the effects of tank shell
contraction/expansion, due to temperature changes in the tank. Correction for tank shell contraction or
expansion should be applied where necessary. Compensation for the effects of trim, list, temperature,
pressure and vapour-phase composition shall be applied to observed readings, as appropriate, based on
the manufacturer’s specifications. For additional details, see 6.2.6.2.

A transmitter is mounted on the top of the cargo tank and emits radar waves vertically down towards
the surface of the liquid (see Figure 1). The signal is reflected from the surface, received by the
transmitter's antenna and sent back to the control panel. The signal is then processed to determine the
distance of the liquid surface from the transmitter and the resultant ullage is converted automatically
in the ATG system to innage for display.
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5.6.6.3 Float gauges

Float operated level gauges consist of a float attached by a tape or wire to an indicating device which
can be arranged for local and remote readout (see Figure 2). The float may operate in a guide tube or
stilling well. Float gauges may have isolation valves fitted such that the float can be maintained in a safe
atmosphere, while the vessel is in service. The float shall be lifted from the liquid level where not in use;
if left down, liquid sloshing while at sea can damage the tape-tensioning device.

With float gauges, it is necessary to take into account the shrinkage of the tape or wire exposed to and
in equilibrium with the temperature of the gaseous phase and the change in buoyancy of the float with
respect to the density of the LNG. Compensation for the effects of temperature, trim, list and liquid

dens

5.6.6

Capal
the d
capa

of c

gene
Thes
serie

The
the 1
read
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.4 Capacitance gauges

citance level gauges usually consist of an inner and outer coaxial tube that extends
epth of the cargo tank. The LNG trapped between the two tubes is the\dielectric n
Citance gauge provides a continuous indication of liquid level based on changes in ca

Vap<;|ur is displaced by LNG (see Figure 3). The inner tube is supported.by the outer tuli

ncentric insulators placed at regularly spaced intervals along.the“whole length of t
ral, coaxial probes are segmented into 4 m to 5 m lengths to ensure more accurate me

s of cylindrical capacitors having the same total height as)the cargo tank of the LNG ¢

ongitudinal contraction of the tubes at low temperature may be taken into accour
bvel measurement. Compensation for the effects of trim and list shall be applied to t
ngs. For additional details, see 6.2.6.4.

throughout
aterial. The
bacitance as
e by means
he tubes. In
hsurements.

e probes are assembled vertically so as to equal the tank height. The resulting assezrrbly forms a

rier.

t to correct
he observed
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Key

1  radar trgnsmitter 6  display unit

2 antenna 7  printer

3 perforated stilling well 8 AIG

4 attenuator 9  ATG system

5  control unit

Figure 1 — Radar (microwave) gauge
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Key

1 gdquge head 5 perforated stilling well

2 lofaldisplay 6 remote display

3 floattape 7 ATG

4 float 8 ATG system

Figure 2 — Float gauge

© IS0 2023 - All rights reserved 17


https://standardsiso.com/api/?name=da1a9cae33a01e165f3c783c7623b66d

IS0 10976:2023(E)

0 |
0 |
: | |
| | |
| - ==
i | o | = |
N _ s |
|| % =|=
| ) | |
! ‘ | '
n R sl
X s Ricaaiiaad
’ 5
| i | l
! : =~ 1 | |
| | '
| | |
| : 1 | |
| | |
| | |
a 6 /| |
L. L T T |

Key

1 electrode 5 printer

2 feed-thrmrgh 6 pedestal

3 control unit 7 ATG

4 display unit 8 ATG system

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
readings is critical. For example, a change of 0,2 °C for liquid methane cargo results in approximately a
0,07 % change in density.
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A multiple-spot ATT 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 ISO 16903.

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 system shall read and provide individual temperatures for both liquid and vapour space and
allow their averages to be determined. Smaller LNG carriers may have fewer temperature sensors;
however, the IGC Codell8] requires a minimum of three.

The

£t 4 Lall L 1 fadd £l Lot £ 1 £ 1 4+
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temperature of the heel.

Sensprs shall be positioned in such manner as not to directly expose them to spray from th
nozzjes.

5.6.8§ Pressure measurement equipment

easure the

e cool-down

A pressure sensor is required at an appropriate position to measure.the vapour space pressure. The

pres

ISO dnd relevant industry standards, as well as the requirementsf the vessel's flag admini
classfification societies.

5.6.9 Custody transfer measurement system

5.6.9.1 The CTMS processes all of the on board LNG carrier measurement information

b)
)
d)
The

fecords the following inputs:

level;

femperature;

pressure;

frim and list.

CTMS performs numerous functions and calculations including:
jveraging readingsover time;

filtering readings;

dpplying.corrections, i.e. thermal, trim, list, pressure;

Tetermining volumes using computer-based tank capacity tables;

bure sensor shall be calibrated or verified to meet the requiretments set forth in applicable API,

stration and

It monitors

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;

volumes, corrected for temperature where applicable.

The CTMS shall be designed and built such that any software or entries that can impact the determined
quantities are secure from tampering or unauthorized revision.
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The CTMS shall generate applicable reports for opening and closing events (following or prior to loading
and discharge, etc.). See Figure D.2, Figure D.3 and Figure D.4 for examples. It is possible that there are
local requirements for cargo density to be used in the CTMS for mass determination.

5.7 Dyna

mic measurement systems and equipment

Flowmeters for dynamic measurements are available for LNG bunkering custody transfer but are not
yet common for conventional LNG custody transfer measurement. Typically, Coriolis and ultrasonic
flowmeters are used for dynamic measurement of LNG. These and other technologies continue to
develop and are becoming more widely used in LNG service. These systems may be used for custody

transfer su

ject to agreement by all parties involved. For these cases, installation and calibrati

on of

flowmeters

BOG burnin
measureme

6 Measu
6.1 Gene

6.1.1 Prog
discharged
system shal

Vital aspect
algorithms,
correct calg
and, if so, s
procedures

If an indepe
by the inde
made availa
found, a not

It is expecte
this docum
government

To determin
a)

b) temper3

liquid 14

shall be in accordance with ISO 21903.

b becomes common during cargo transfer due to environmental reasons. The requirem
ht and quantification concerning BOG burring shall be in accordance with ISQA49970.

rement procedures
ral

edures to measure the parameters required to determing the quantity of cargo load
bn board an LNG carrier are described in this clause,.THe custody transfer measure
be operated by the ship's crew.

5 of good measurement of cargo on board LNG cafriers include the use of proper table
the accurate recording of the basic data obtained through physical measurement an
ulation of the necessary quantities. These quantities are usually calculated by the (
Leps shall be taken to verify that the CTMS are certified or re-certified (see 5.3). T
detail those items which are essential to-accurately determine cargo quantities.

ndent inspector is appointed, all niéasurements and gauging shall be witnessed and ve
endent inspector. The results, of-such verifications by the independent inspector sh

le promptly to each party.Ifiméasurement procedures are not followed or a discrepar
ce of apparent discrepancy)or letter of protest shall be issued.

d that the measuremeént of cargo on board an LNG carrier is conducted in accordance
ent or well-defined~and agreed conditions stipulated by terminal procedures, loca
al regulations andthe SPA.

e the LNG quaritity on board, the following shall be obtained:
vel;

hture;

ents,

bd or
ment

5 and
d the
TMS

hese

ified
11l be
ICy is

with
and

C) pressur

€

d) sample(s) and composition.

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

gassing

20

cool down;

up.
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6.1.2 The following steps detail the procedures for obtaining the required measurements, to
determine the LNG quantity on board.

Prior to taking shipboard measurements, confirm that:

a)

b)

d)

Duri
agre
closi
meth
invol

Trim|
perfq
the g

For

all cargo operations have been stopped, e.g. gas combustion units (GCUs), 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;

the condition of liquefaction plants and fuel gas pumps are controlled and stabilized at the time of

opening and closing custody transfer measurements if they are in operation;

oil-off gas (BOG) measurement techniques are set for gas used in the ship engines, if.g

ufficient time has elapsed for the cargo to stabilize and reach equilibrium c
emperature and pressure (for a detailed checklist, see Annex F);

perations affecting trim and list, i.e. ballast, bunker transfer or cargo niovéments, ar
uring the custody transfer measurement process;

eck piping volumetric fill condition is known and accounted for;

tthe method is in place for determining the quantity of the,vapour returned durin
discharge operations.

hg the cargo transfer process, BOG may be used as fuelfor the ship’s engines. Parties m|
e to allow gas consumption in the ship’s engine room’ during the time between the

hg custody transfer surveys. The BOG used for fuelby the vessel in port should be qug
od of quantifying the BOG consumed in the engines, if any, should be agreed upon by
ved. Measurement and quantification shall bein accordance with the requirements in

and list shall be optimized and kept unchanged while custody transfer measureme
rmed. Generally, vessel trim and listishould be minimized at the time of measureme
argo tanks are full, but may require’other conditions where partial cargoes are bein
perational and commercial reaséns, a substantial trim to the aft may even be re

whenever performing stripping of.the cargo tanks.

Reco

(see

mant

6.2

6.2.1

The
qua

d the trim, and list and-apply corrections made for their affect on measurement and/c
Figures B.1 and B.2)~The CTMS usually can accept and automatically apply the coq
hally-entered trim andlist data, or trim and list data received from external sensors.

Static measurement

General

pbarties involved shall select the primary level measurement system to be used to d¢

ny;

nditions of

e suspended

v loading or

ay explicitly
bpening and
intified. The
r the parties
[SO 19970.

nt tasks are
nt whenever
b measured.
commended

r quantities
rections for

termine the

tity on board the vessel, provided the system is functioning properly and for which a c

prtified tank

capacity table exists. Tank capacity tables shall 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, requiring 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, which thereby requires the use of the secondary
level gauge for the closing reading, the secondary readings shall be used for both the opening and the
closing.
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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 secondary
system are inoperable or unreliable, all parties shall be notified and alternative methods used. These
methods can involve contractual requirements or 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 th

e 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

measureme
vary excess]

6.2.3 Loa

For loading,

nt. Additional readings are advisable under certain conditions, for example, wheremea
vely. For additional discussion, see B.6.

ding

make the first set of readings after the loading arms have been connected, but befor]

manifold valves have been opened prior to commencement of cool down. These’ readings enabl

determinati

pn of the quantity of LNG remaining on board as cooling liquid; also called heel. A s¢

ings

e the
b the
cond

set of readings shall be made after the end of loading, once the surface of the liquid is nearly stabiflized

and the vap
arms, used f
and closing
because of g

6.2.4 Disg

For discharg
arms have |
made upon
taken after {
closed, until
with re-liqu

6.2.5 Shipboard measurements

In order to
accurately d

the liqu
trim;

list;

pur arms are purged and closed. Delivery lines, including ship\piping, manifolds and log
or loading and/or discharging should be in volumetrically similar condition where opé¢
custody transfer measurements are carried out. If\this condition cannot be ach
ort regulation or physical constraints, it should be docimented.

"harge

re, make the first set of readings prior to commencement of discharge when the unlog
een connected and prior to starting te{cool them down. A second set of readings shd
completion of discharge once the arms are drained and purged. Ideally, the reading
he liquid surface is nearly stable~The vapour return line(s) typically remain connectec
on board gas burning has resumed. It is possible that this does not apply to LNG caqy
pfaction capabilities or gas combustion units (GCU).

measure the quantity of cargo in the vessel’s tanks, the following parameters shg
etermined forthevarious measurement systems:

d level in thetank;

1ding
ening
eved

1ding
111 be
5 are
1, but
riers

11 be

h)

the average temperature of the liquid;

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
primjary ATG and a means to monitor the primary ATG for malfunction.

NOTH It is recognized that this procedure cannot guarantee that the device accuracynmeets its original
certified value. However, cross checking and tracking the history provides an indication-of ithe pgrformance of
the A[l'Gs on the vessel.

In addition to the foregoing, the following guidelines should also be followed:

a) Where possible, the ATG should be functionally tested by means of anjappropriate meagure, such as
4 test run immediately prior to commencement of the custody transfer or other equivalent means,
ds described in ISO 18132-1. For example, a microwave gauge can-be checked against theverification
in, and a float gauge can be checked at its fully-retracted top‘storage or at its grounded position.

b) should be determined whether the ATG provides a level reading or the tank volume at that level.

c) It should be ensured that the measurement equipment has stabilized and adjusted to the
emperature of the cargo being measured and that all corrections for temperature and)or pressure
are made as required.

d) The manufacturer’s specific operating procedures should be followed and used to[supplement
these procedures.

If any of the preceding steps cannot he'complied with, the reasons should be noted, and the|appropriate
letter of protest filed.

6.2..2 Radar (microwave).gauges

Verifly the level reading.according to the manufacturer’s instructions and record the filtef settings, if
any. Pnce the tank levelis sufficiently stabilized, observe and record the level gauge reading from the
contfol panel whichris-typically located in the cargo control room of the LNG carrier.

For some microwave level gauges, a temperature compensation of the microwave guiide pipe is
necepsary. Most systems can accept trim and list data either manually or from external sensors and
automatically apply all necessary corrections.

6.2.6.

w
2!
[
]
P
[ o

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 can be stuck. In this situation, it
is suggested that it be raised and lowered again in order 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 the:

a) list;
b)

c)

trim;

density

of LNG, affecting float buoyancy;

d) temper;

contrac

e)

temper:
contrac

6.2.6.4 (4

Once the ta
which is typ

Some older
(near-full ar
do not meet
cargoes mej

6.2.7 Temperature

6.2.7.1 G{

The temper
temperatury
for those in

is in the liquid or in the vapour shall be in accordance with the installation height of the tempers

sensors and|
gas-liquid iq

The averagd
of cargo wh
sensor spag

tures of liquid and gaseous phases affecting reference gauge height in accordance'wit
Fion coefficient of the tank material;

iture of gaseous phase, affecting the shrinkage of float tape or wire in accordance wit
Lion coefficient of its material.

pacitance gauges

hk level is stabilized, observe and record the level gauge reading from the control g
ically located in the cargo control room of the LNG carrier.

capacitance gauges can have higher uncertainty outside‘of their normal load range 1
d near-empty tank conditions). It is possible that medsurements in this intermediate
the requirements of this document. Special attention shall be given to measuring pz
sured with these older devices.

tneral

atures in each tank shall be determined at the same time as the liquid levels.
e sensor shall be read and recerded. Temperature sensor readings in each tank are aver
the liquid phase and againfor those in the vapour phase. Determining whether the sq

the liquid level at thetime of gauging. If it is inconclusive as to whether a sensor is i

temperature€ should be calculated with each sensor representing its proportional vo
ich is known as quantity weighting. Quantity weighting may be achieved by approp
ing or<by volume weighting each measured temperature. If quantity weighting i

achieved, th|

arithmetic average temperature of the liquid shall be used.
Verify temp[rmrmﬁpmmvw@-ﬁﬁﬂmmﬂmmﬁtation

h the

h the

anel,

evels
zone
irtial

Each
aged
nsor
iture
h the

terface zone or if.there is any doubt about the accuracy of a sensor, the reading shoulld be
disregarded.

lume
riate
5 not

may be performed by comparing the primary and secondary sensor readings in the liquid phase of the
same or other cargo tank(s).

NOTE

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

24 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=da1a9cae33a01e165f3c783c7623b66d

IS0 10976:2023(E)

quantity of cargo is transferred from each of the cargo tanks, calculate the average liquid temperature
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 absolute pressure of cargo tanks shall be measured at the same tirhe) as the measurg¢ment of the
tank|s levels and temperatures. The vapour pressure sensor can normially be isolated frgm the tank,
and 4 pressure calibrator is then connected to the sensor in order toerify the accuracy of the pressure
readput.

6.2.8.2 Pressure measurement

Read and record the pressure for each tank. Under typigal operating configurations, the tank pressures
are dqualized through the vapour header. For systenis'measuring gauge pressure, obtain fand add the
atmdspheric 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 carrigr's quarters
and ¢ontrol room are pressurized, atmospheric pressure should be based on outside air.

6.2.9 CTMS

6.2.9.1 General

Virtyally all LNG carriers use the CTMS to calculate shipboard quantities (see 5.6.9).

6.2.9.2 Calculations-and reports

Gengrate the reports for the closing or opening gauge by providing suitable commands tp the CTMS.
Verifly the content of the reports by comparison to manual calculations or direct obsgervations of
meagurements,/ These reports should be reviewed by affected parties, signed and retainedl with other
cust@dy transfer documentation.

6.2.10=Sampling

6.2.10.1 General

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 may 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. The LNG sampling
equipment specified in ISO 8943 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[! for
additional details.
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6.2.10.2 LNG sampling verification

Prior to the

a)

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

determine if samplers are continuous or intermittent;

b)
‘)

confirm continuous sample containers are clean; and

procedures. Contractual requirements can apply.

6.2.11 Vap

6.2.11.1 Gg

Part of the
the ship or

assuming tH
SPA may def

6.2.11.2 Py

If appointed;
regarding r9
addressed ij

to custody t

6.3 Gas-\

6.3.1 Gen

Whenever t
shall be puf
condition to
The quantit
method use
process.

6.3.2 Inel

The purpos
used for this

6.3.3

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

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

L)lll' return

tneral

fustody transfer measurement process includes quantification of vapour.teturn eith
by the shore. The determination of the amount of vapour returned invelves measuri
e composition and calculating the resulting gas properties for the ¥apour return gas
ine assumptions or accounting treatment for the vapour return quantities.

ocedures

the independent inspector should understand and follow the procedures stated in thg
eturned vapour and any specific sampling technique-or frequency. If these aspects ar
1 the SPA or terminal procedures, an agreed upon methodology should be established
Fansfer.

p and cool-down quantification

eral

he vessel first enters service or returns to service after dry dock or layup, the cargo {
ged and cooled down once_the vessel arrives at the loading terminal in order to be
receive cargo. LNG from the terminal is used to first gas up and then cool down the t
y used to gas up and toJcool down shall be determined. The SPA usually describe
d to determine thes€ amounts and the vessel’s cool-down tables are normally used iy

rting

e of inerting the cargo tanks is to remove oxygen prior to loading cargo. Since cargo i
opefation, inerting should not affect the cargo quantification.

b1 by
g or
The

b SPA
e not
prior

anks

in a
hnks.
5 the
this

S not

Gas

| 14
up 4iiu LUUT uuvwil

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, i

26

ssue 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

f | § 7R BN . N 1 1 1 h IR |
(0} Ll U IS5 UCLCTIIIITICU, IS VUIUILIC Cdll DT CalCuldicU.,

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

6.4 | Dynamic measurement

Statif measurement is typically the most common way to determine the cargo quantity determination.
Dyngmic measurement systems may be used for custody transfer of LNG,)subject to agrepment by all
parties involved. For these cases, the installation and calibration of flewmeters shall be in accordance
with|ISO 21903.

BOG|is often burned during cargo transfer on board LNG cafriers. Measurement and quantification
shall|be in accordance with the requirements in ISO 19970.

7 Cargo calculations

7.1 | General

Thisclause outlines the information and stepsrequired to calculate the volume of an LNG cajrgo. Specific
circymstances can require specialized considerations, calculations and/or additional steps

The |calculation of LNG quantities is”performed in two parts. Firstly, the quantity transferred is
determined by measuring the voltume on board the vessel prior to and following loading dr discharge.
Secondly, the amount of energy transferred is determined from the volume transferred by applying the
cargg density and its heating.value.

The ¢letermination of theZmass and energy transferred requires analysis of samples taken qnshore. The
procgdure and calculations are outlined in Annex D.

7.2 | LNG volume determination

7.2.1 _General

3 1£3 + £ £ £1INC i it ot il 4 1 +lhai £ 1 100 3
One ghnrrcantt reatur e or mvo Carrierststhatr-wihtHService,thneirCargotans<s—are—Tou % Occupled

by measurable cargo 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 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 r

econciliation of the heat energy transferred.

Due to the shape of the tank and the location of the level measurement system, it is possible that small
amounts of heel [quantity remaining on board (ROB)/on board quantity (OBQ)] left in the tank cannot

be accuratel

7.2.2 Liqlri'd-}eve}s-b'elmﬁower-meaam abletimit

Where a heg
level. Howey
in the ship ¢

7.3 LNG density determination

The density
chromatogr
the termina
may be used

See D.2 for 3

y measured. This situation should be noted and recorded on the cargo documents.

lis to be left on board, the cargo should not be discharged below the minimum nteasu
rer, if the level is below the minimum measurable level, the unpumpable quantities speq
harter party or SPA should be used.

hph of a representative sample from the loading/unloading line during transfers to

to calculate the density based on the chemical composition/and liquid temperature.

n example of density calculation.

rable
ified

of the LNG liquid cargo is normally calculated based on the compaosition determined bl gas

from

. Various equations of state, including the Klosek-McKinleymethod or its revised version,

28
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Annex A
(informative)

LNGC design and marine operations

LNG carrier design

A

|l General

carriers may be fitted with tanks of varying design. Each design can require @mique mnj
bperational considerations. The types of tanks commonly used in the LNG\trade arg
5 and IMO Type B. In addition, a small number of IMO Type C tanks are ‘in service. Th
5 are described in A.2.

es A.1 to A.4 show different LNG carrier and tank designs and are\for illustrative purg

-

—

easurement
b membrane
ese types of

oses only.

a) LNG carrier with membrane tanks

AN

| LI

5

| 1 | 1

L

N N N N

b) LNG carrier with spherical tanks

This figure isnot to scale.

Figure A.1 — Simplified longitudinal-sectional view of LNG carriers

LNG carriers

Al LNG carriers have double hulls running through the length of the cargo area, which provide adequate
space for ballast. Ships fitted with the membrane tanks have a full secondary barrier and ships fitted
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 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.
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1 water ballast tank

2 void spacq

3 primaryb

prrier

4 inter-barrjer space or insulation

NOTE This

b) Indeper]
to the h

1) 1M

Typ
det

30

figure is not to scale.

5 inter-barriex'space or insulation
6 secondary-barrier

7 innerthull

8 deuble-bottom pipe passage

Figure A.2 — Simplified eross-section of a membrane tank

8

dent tanks are self-supporting; they do not form part of the ship’s hull and are not ess¢ntial
1l strength including pfismatic, spherical and pressurized tanks.

Type B tanks: Themost common design of IMO Type B tanks is the Moss spherical fank.
e B tanks are deSigned using model tests, refined analytical tools and analysis metholds to
ermine stress.Jevels, fatigue life and crack propagation characteristics.
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9
Key
1 whter-proof tank cover 6 supporting skirt
2 alpminium alloy tank body 7  water ballast tank
3 inpulation (can contain a nitrogen bleed system) 8 _(hold space
4 upper deck passageway 9" double bottom pipe passage
5 inper hull 10 drip pan (partial secondary barrier)

NOTE This figure is not to scale.
Figure A.3 — Simplified cross-section of a spherical tank

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

IMO Type C tanKks’are used for short coastwise service where the voyage is so short that they
}fad the cargo-cold and let it warm up during the voyage which builds up the pressufe. Most are
esigned fo’35 kPa to 400 kPa.

.

[he IMO Type C tank does not require any secondary barrier because the design is Hased on the
¢onCept that the governing stress is the membrane stress due to pressure (hoop stress) and that
theAfluctuating 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

urement-related operational notes

Ling tanks in service

neral

fe of activities given in A.3.1.2 and A.3.1.3+s typically performed where tanks are ini
rice or after they have been taken out of'service.

ng operational items should be,censidered where measuring and/or accounting for
ht quantities. Most of the following steps are only performed after tanks are prepare
ction or shipyard visit. This assumes that the vessel is at the beginning of a cycle, i.e. n
ing dry dock. The following*operation in A.3.1.2 and A.3.1.3 does not cover all aspec
and is not considered anjoperationally complete document. For additional details or
SIGTTO.[21]

[ank inspection

iers imcontinuous service, this operation is normally carried out at the building yard
pdts ‘entering/re-entering into service, as when the LNG carriers are en route to the

tially

LNG
d for
ewly
ts of
this

refit
first

loading por

certified gas-free for safe entry and at ambient temperature.
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The cleanliness of the cargo system is essential to protect the terminal and ship's 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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A.3.1.2.2 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.

A.3.1.2.3 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.

A.3.]

Once

carg
anot

thesg

A.3.]

Once
to apg

usua
tank
shou
cool-

to ay

tank

The method of cooling down the tanks and the source of the cargo used for the process sho

.2.4 Gassing up

her on board cargo tank using the LNG carrier's vaporizer and BOG heateryThe cost of
 activities is determined by terminal regulations and the SPA.

.2.5 Cool down

the tank is gassed up with the vapour of the cargo to be loaded, the tanks shall be ¢
propriate loading temperature to prevent undue stress and‘excessive cargo vaporizg
[ly achieved by receiving a quantity of cargo from the shope or from tanks on the vessel
[s) shall be cooled down before the quantity in the tank.can be accurately determined
Id be at rates considered safe by the tank designers.There can be a significant diffe

oid excessive thermal stresses in the tank structures, such as in the equator rim of

the tank atmosphere is acceptable, inert gas shall be displaced with warm gas vapours of the
b to be loaded. The LNG to produce these warmed-up gas vapours can come from the shore or from

performing

ooled down
tion. This is
Usually the
. Cool down
rence in the

down rates between spherical and membrane tanks. Thus, cool down can be an extended process

a spherical

hld be noted

and accounted for in the cargo inspection(report. Appropriate cool-down tables should be|used in this
process. If liquid cargo is found to be.in‘the tanks after the cool-down process, the amount should be
determined, recorded and treated as'cargo already loaded or as otherwise addressed in the SPA and/or
cool{down tables.
A.3.1.3 Loading
Recejving cargo from the shore or lightering vessel causes vaporization of cargo in the fanks of the
vess¢l being loaded..When colder LNG is pumped into a warmer receiving tank, vaporization occurs.
LNG [carriers, which are equipped with re-liquefaction plants, can lack the capacity to handle the
relatjvely larger quantities of rapidly vaporized gas which can be generated during |the loading
operptions.“The resulting vapour is returned ashore or to the lightering vessel.
LNG cdrriers have fill limits as determined by Formula (A.1) from the IGC Codel18l:
VgL X
Wy, =R (A1)
P

where

Vy;, istheload limit (LL), expressed in per cent;

Ve is the filling limit (FL), expressed in per cent, (usually 98,5 %);

pr isthe relative density of the cargo in kg-m=3 at reference temperature;

p.  istherelative density of the cargo in kg:m~3 at loading temperature and pressure.
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NOTE The IGC Codell8] allows the vessel's flag administration to set a higher filling limit (FL) than the
limit of 98,5 % specified at the reference temperature, taking into account the shape of the tank, arrangements
of pressure relief valves, accuracy of level and temperature gauging and the difference between the loading
temperature and the temperature corresponding to the vapour pressure of the cargo at the set pressure of
the pressure relief valve. It is expected that the maximum filling limit does not exceed 99,5 % at the reference
temperature.

The reference temperature for Formula (A.1) is the temperature corresponding to the vapour pressure

of the cargo

at the set pressure of the relief valves.

A.3.2 During service

A3.2.1 Ge

Personnel p

neral

erforming measurement procedures should be made aware of the specific relevant s

and operati¢pnal requirements for the LNG carrier and its cargo.

A.3.2.2 Pr

Specific con
regulations
transfer me

If the foregd

ior to loading

ditions of carriage should be determined prior to loading, including any relevant tert
and restrictions enforced at the load and discharge ports. For details of the pre-c
pting, see [SO 28460.

ing preparation process is required, any amount of prodtict used in the process shou

accounted for.

Due to the

continuous nature of the LNG trade, a tank inspéction at any time occurs only di

hfety

ninal
argo

fd be

e to

hnks.
ninal

extraordinary circumstances, e.g. reason to suspect thatithere is damage to the tank or mechanical
breakdown within the tank.

A.3.2.3 Dyringloading

While loadipg the liquid cargo, vapour in the\tanks shall be displaced to allow liquid into the t

The amount of vapour returned to the shore should be accounted for in accordance with terr
regulations pnd/or the SPA.

A.3.2.4 Dyring transit

During the ffransit from the lead-port to the discharge port, the cargo boils off to some extent. The

off rate is i1
matter of ed
be used in p

the order of 8;15'% of the cargo per day and may be used to fuel the ship’s engines.
onomics or teHreet environmental requirements, the vessel may choose to force boil
lace of traditional marine fuels. The amount of BOG consumed in transit may be meas

or estimated and can'be accounted for in accordance with contractual requirements (see B.7). The

ction conditions are often used to monitor the performance of the cargo system.

menewer ships have the capability to capture and liquefy the BOG

boil-
As a
bff to
ured
boil-

off or liquef
NOTE S
A3.25 Pr

ior 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 SO 28460.

A.3.2.6 During discharge

Any vapours returned to the LNG carrier should be accounted for in accordance with terminal
regulations and the SPA.
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A.3.2.7 After discharge

On completion of the cargo discharge, the heel shall be measured for liquid level, vapour pressure
and the vapour/liquid temperature to determine the quantity remaining on board. LNG carriers in
continuous service 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 loading port.

A.3.3 Taking tanks out of service

A.3.3.1 General

tank

stripping). After “heeling out”, the vessel uses regular bunker fuel to steam at sea (for-aer

at drg

maintenance, the following sequence of activities is normally followed.

A.3.3.2 Discharging of liquid cargo

Undse
quary
whet

amonint of heel left on board is accounted for as described in Annex D.

Undgr other commercial contracts or where the LNG carrier'is going to dry dock, the tanks

of ca

or sefrvice, the steps specified in A.3.3.3 to A.3.3.5 are-also taken.

A.3.3.3 Warming up

Warining up of the cargo tanks after cargo discharge is vital on LNG carriers if the tan}
to bd

to ci

rculate warm gas into the tank.“FPhis process evaporates any residual liquid and the

wars up the whole tank to required conditions.

A.3.3.4 Inerting — After discharge

Whe
hydr

e tanks are openedfor internal inspection, inerting is always a necessary step. This
pcarbon content Within tank atmospheres to a safe level before aerating the tank with

A.3.3.5 Aerating

Oncd tanks-have been safely inerted, the cargo tanks may be ventilated with fresh, dry air,

safet
level

5 are achieved and maintained in accordance with nr‘r‘nquinna] health and cnfm'y

y dock and to load port). If an LNG carrier tank shall be taken out of service for ij

r some commercial contracts, LNG carriers do not discharge their entire cargo, but !
tity of heel in the tanks. This ensures arrival at the loading'‘port with tanks at a t
eby they can be loaded without delay; this also provides BQG for fuel on the ballast j

yprocedures and industry practices. Aeration should continue until “SAFE FOR HUM

In some cases, such as preparations for tank entry or laying up (taking the ship out of seryige), the ship’s
may be totally emptied of liquid cargo in a process referred to as “heeling out” (also,r¢ferred to as

ting, arrival
Ispection or

keep a small
emperature
assage. The

are emptied

rgo, which is a process known as heeling out. If théZLNG carrier’s tanks are emptied for inspection

KS are going

b completely emptied and aerated:xDuring this process, compressors and heaters are operated

h eventually

reduces the
fresh air.

following all
AN ENTRY”

regulations.

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 table 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 the mos

contains additional information and cautionary notes regarding measurement @cel

ht of these cargoes are specified 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 asses
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

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

Prismatic al

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

inspectionr

36
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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 inf) high and are spaced 15,24 cm (6 in.) apart. Readings are made from the bottom of the numerals
and estimated to the inch (see Figure B.1). Occasionally, roman numerals are also used; ps shown in

TOXXXIX 39
XXXVII ) 38

>

6" | 6"/
< plel o
,r

|

Figure B.1 — Draft readings — US customary units

The humerals for metric units may be displayed in even decimetres, with markings 10 cn} (4 in.) high
and gpaced 10 cm (4 in.) apart (see Figure B.2) or evéery 0,2 m (8 in.). Readings are made fron the bottom
of the numerals and estimated to the centimetre({see Figure B.2).

116
| 115
114

Figure B.2 — Draft readings — SI units

»
>

10 cm 10 cm

<
B

Vessel draft readings should be visually observed. However, if this is not possible, dyaft may be
determined 4Sing automatic draft measuring systems, e.g. pressure sensors or electrp-pneumatic
syste¢ms. The-method of obtaining draft should be recorded in the cargo documentation.

an error of
f5,7 mm in

anual/visual reading the forward/aft scales from quay/berth side, one can expect

Cl O cl v D v, cl y Ci cl Cl

o/ O )

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.

On the 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's overall trim and list than the measurements from the 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;

natha difforancnc hatwvrnan ctarhoaed ortdraftc and thaon calonlatinatha lict
¥ refFenecesSsetween-Statoeatrea

and
Her

b) by readirg

Where a veq
shall be takg
instructiong
for any trim|

B.5 Vess{

The LNG cu
onshore. Co
manner as i

NOTE W
ship-shore ¢
shore figureg

B.6 Ship;

B.6.1 Gen

Ship-to-shig
vessel oper
be performd
conducted 3
time of med
cargo levelg
specified in
the measursg

crre-orrr

pertdrattsand-thenealelatin athe Hst:
sel is not on even keel and/or is listing at the time of gauging, the vessel’s trim and/qg
bn into account in order to accurately determine the liquid quantities on board. To.-do s

or list noted.

2] experience factor

stody transfer quantity is determined by gauging on board the LNG carrier rather
hsequently, it is not possible to determine the vessel experiénce factor (VEF) in the
5 done for other cargoes. As a 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
ators. 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).

e that fleating storage and regasification units (FSRU) are unable to perform stan

It is possibl
gauging pr
procedures
agreement.

ceduges due to concurrent internal loading and discharge operations. Measure
to.address quantity determination are expected to be developed as part of the contra

r list
b, the

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

than
bame

h true
stent

LNG
rally
5 are
o the

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

ition
ntin

dard
ment
ctual

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 shall 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

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. Some LNG carriers are fitted with a re-liquefaction
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, re-liquefied 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 tank temperatures, and cargo composition. Agitation of the cargo due to sea stafe)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
rateq vary from ship to ship, typical figures for LNG carrier boil-off rates are in the ord¢r of 0,15 %
of the cargo quantity per day during the loaded voyage [see Formula (B\1]] and 0,1 % per 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 gverage daily boil-off rate, By, as a percentage, is caleuldated by Formula (B.1):

_(Vs=Va)
" (Dg XVT)Xloo (8.1)

where

Vs is the sailing volume, expressedin m3;

¥, isthe arrival volume, expressed in m3;

Ds is the days at sea;

V1 is the total capacity of the vessel, expressed in m3.

The fharterer’s instructions or SPA can require the use of LNG as fuel for the ship’s engines at sea.
Howegver, the ameunt 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 afid auxiliary machinery. The quantity used as forced BOG is reconciled in the measurement
of cafgo prior to discharge.

NOTH The net amount of BOG can be substantially reduced in the future because of liquefactipn, improved
tank msulation and the use of pressure build-up tanks.

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 hoteling) 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 such as ISO 19970 for measurement equipment, actual measurement of
consumed cargo for hoteling 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 Yolume | Difference | Gauge Volume Difference | Gauge Volume, () Differ¢nce
m m3 m3 m m3 m3 m m3 m3
36,10 | 33 258,908 5,869 36,60 | 35540,310 5,374 37,10 | 35 796;635 4,865
36,11 | 34 264,777 5,859 36,61 | 35545,684 5,365 3711 |.35801,500 4,855
36,12 | 34270,636 5,849 36,62 | 35551,049 5,355 37,12 \35 806,355 4,845
36,13 | 34276,485 5,840 36,63 | 35556,404 5,345 37,13 | 35811,200 4,834
36,14 | 34 282,325 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 | 33293975 5,810 36,66 | 35572,408 5,315 37,16 | 35825,672 4,803
36,17 | 35299,785 5,800 36,67 | 35577723 5304 37,17 | 35830,475 4,793
36,18 | 35 305,585 5,791 36,68 | 35583,027 5,295 37,18 | 35835,268 4,782
36,19 | 3%311,376 5,781 36,69 | 35588,322 5,284 37,19 | 35840,050 4,772
36,20 | 3% 317157 5771 36,70 | 35593606 5,274 37,20 | 35844,822 4,762
36,21 | 35322,928 5,762 36,71 | 35,598,880 5,264 37,21 | 35849,584 4,751
36,22 | 34328,690 5,751 36,72 |(35'604,144 5,254 37,22 | 35854,335 4,740
36,23 | 34334,441 5,742 36,73 "} 35609,398 5,244 37,23 | 35859,075 4,731
36,24 | 34340,183 5,732 36,74 | 35614,642 5,234 37,24 | 35863,806 4,720
36,25 | 33345915 5,722 36,75 35 619,876 5,224 37,25 | 35868,526 4,709
36,26 | 34351,637 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 | 34 363,052 5,693 36,78 | 35635,516 5,194 37,28 | 35882,623 4,678
36,29 | 34 368,745 5,683 36,79 | 35640,710 5,183 37,29 | 35887301 4,667
36,30 | 33374,428 5,673 36,80 | 35645,893 5,173 37,30 | 35891,968 4,657
36,31 | 3% 380,101 5,663 36,81 | 35651,066 5,163 37,31 | 35896,625 4,647
36,32 | 34 385,764 5,653 36,82 | 35656,229 5152 37,32 | 35901,272 4,636
36,33 | 35391,417 5,644 36,83 | 35661,381 5,143 37,33 | 35905,908 4,626
36,34 | 35397061 5,633 36,84 | 35666,524 5,132 37,34 | 35910,534 4,615
36,35 | 35402,694 5,624 36,85 | 35671,656 5122 37,35 | 35915,149 4,605
36,36 | 35408,318 5,614 36,86 | 35676,778 5112 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
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
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Gauge Volume | Difference | Gauge Volume Difference | Gauge Volume | Difference
m m3 m3 m m3 m3 m m3 m3
36,43 | 35447407 5,545 36,93 35712,347 5,040 3743 | 35951,692 4,521
36,44 | 35452,952 5,534 36,94 35717,387 5,030 37,44 | 35956,213 4,510
36,45 | 35458,486 5,525 36,95 35722,417 5,020 3745 | 35960,723 4,499
36,46 | 35464,011 5,515 36,96 35727437 5,009 3746 | 35965,222 4,489
36,47 | 35469,526 5,505 3697 | 35732,446 5,000 3747 | 35969,711 4,478
36,48 | 35475,031 5,494 3698 35 737,446 4,989 3748 | 35974,189 4,467
36,49 | 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 correction table
Gauge (3,0m [2,5m |2,0m |(1,5m |[1,0m|0,5m |0,0m [0,5m |1,0m | 1,5m)| 2,0m | 2[/5m | 3,0 m
1 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,p0 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,p0 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,p0 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
35,0 -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
36,00 | -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,110 -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,R0 -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
36,0 -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
36,0 | -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
36,80 | -14 -12 -9 -7 -5 -2 0 2 4 6 8 10 12
36,p0 -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 -14 312 -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
37,80 =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
Key
B/H Trim by the head (toward the bow).
EVEN Even keel.
B/S  Trim by the stern (toward the stern).
NOTE Corrections are in millimetres.
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Table C.3 — Example of section of a list correction table

Gauge List to port List to starboard

m 3,0° | 2,5° | 2,0° | 1,5° 0,5° 0,5° | 1,0° | 1,5° | 2,0° | 2,5° | 3,0°
35,00 15 15 15 13 -6 -14 -22 -32 -43 | -54
35,50 15 15 14 12 -6 -14 -22 -32 -43 | -55
35,60 14 15 14 12 -6 -14 -23 -32 -43 | -55
35,70 14 15 14 12 -6 =14 =23 =32 -43 -55
35,80 14 15 14 12 -6 -14 -23 -32 431155
35,90 14 15 14 12 -6 -14 -23 -32 43 156
36,00 14 14 14 12 -6 -14 -23 -33 ,[\r44 156
36,10 14 14 14 12 -6 -14 -23 -33) [ -44 56
36,20 14 14 14 12 -6 -14 -23 =33 | -44 56
36,30 13 14 14 12 -33 | -44 56
36,40 13 14 14 12 -6 -14 <23 -33 | -44 156
36,50 13 14 14 12 -6 -14 -23 -33 | -44 56
36,60 13 14 14 12 -6 -14 -23 -33 | -44 57
36,70 13 14 13 12 -6 -14 -23 -33 | -44 57
36,80 13 14 13 12 -6 -14 -23 -33 | -44 57
36,90 13 14 13 12 -6 -14 -23 -33 | -44 57
37,00 13 14 13 12 -6 -14 -23 -33 | -45 57
37,10 13 14 13 12 -6 -14 -23 -33 | -45 57
37,20 13 14 13 12 -6 -14 -23 -33 | -45 57
37,30 13 14 13 12 -6 -14 -23 -33 | -45 | 158
37,40 13 14 13 12 -6 -14 -23 -33 | -45 | 158

NOTE Correcfions are in millimetres.
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Table (.4 — Example of section of thermal correction table for a radar-type level gauge

Vapour temperature
°C

-16(0 |-158 |=156 |-154 |-152 |[-150 |-148 |-146 |-144 |-142 |-140 |-138 |-136

30 -144 | -144.|) -144 | -144 | -143 | -143 | -142 | -142 | -142 | -141 | -141 | -140 | 4140
31 -144 | <144 | -144 | -143 | -143 | -143 | -142 | -142 | -142 | -141 | -141 | -140 | 140
32 -144c1. ~144 | -144 | -143 | -143 | -143 | -143 | -142 | -142 | -141 | -141 | -140 | {140
33 -144 1 -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

NOTE Corrections are in millimetres.

Gauge
m
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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 -1529 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 0999 98 =156 6 1.00009 =152 64 1,000 20
—164,5 0,999 88 -160,5 0,999 99 -156,5 1,000 10 -152,5 1,000 21
—1164,4 0,999 88 -160,4 0,999 99 -156,4 1,000 10 -1524 1,000 21
-164,3 0,999 88 -160,3 0,999 99 -156,3 1,000 10 L152,3 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
—1164,0 0,999 89 -160,0 1,000 00 -156,0 1,000+ -152,0 1,000 22
41639 0,999 89 -159,9 1,000 00 -1559 13000 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
4163,7 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
1163,4 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
4163,1 0,99991 -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 level[gauge
Vapour temperature
Gayige °C

T -160 | -158 | A1567| -154 | -152 | -150 | -148 | -146 | -144 | -142 | -140 | 4138 | -136
30 -138 | -138 (.-~138 | -138 | -138 | -137 | -137 | -136 | -136 | -136 | -135 | {135 | -135
31 -139 | -138)| -138 | -138 | -138 | -138 | -137 | -137 | -137 | -136 | -136 | 4135 | -135
32 -139 {4139 | -139 | -138 | -138 | -138 | -138 | -137 | -137 | -137 | -136 | 4136 | -136
33 -139,\| -139 | -139 | -139 | -139 | -138 | -138 | -138 | -137 | -137 | -137 | 4136 | -136
34 =140 | -139 | -139 | -139 | -139 | -139 | -138 | -138 | -138 | -138 | -137 | 4137 | -137
35 -140 | -140 | -140 | -139 | -139 | -139 | -139 | -139 | -138 | -138 | -138 | 4138 | -137
3 1404401349 40— 3440+—3409-+—139 1439 1 139 . 139 . 138 | 1138 | -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

NOTE Corrections are in millimetres.
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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'm-3 mm
420,0 to 424,1 5
424,2 to 433,5 4
433,6 to 443,4 3
A_A_Q,': to A_':Q,A 2
453,7 to 464,4 1
465,5to 475,7 0
475,8 to 487,5 -1
487,6 to 500,0 -2
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Table C.8 — Example of cool-down table for spherical tanks

Spr_ayed LNG Energy required to
Starting equator required to cool Cool-down Actual LNG reach equator
temperature equator time required LNGheel | used for temperature
temperatzlre to cool down of =110 °C
-110°C
°C x 103 kg h x 103 kg x 103 kg GJ MMBtu
30 297 136 60 237 11 641 11034
25 290 13,3 59 231 11358 5 10765
20 281 12,9 55 225 11 P@V 10 486
15 272 12,4 53 219 AIES?VZ 10 210
10 265 12,0 51 214 .\Cb}O 486 9939
255 11,5 47 208 '\\) 10 205 9672
0 249 11,1 47 2020 | 9890 9374
-5 239 10,6 44 Q@S‘l 9 559 9060
-10 230 10,1 41 & “189 9276 8792
-15 222 9,7 39 A " 183 8963 8 495
-20 213 9,3 3&‘ 176 8 648 8197
25 203 8,8 ‘34 169 8317 7 883
-30 197 8,4 *Qw 32 165 8118 7 694
-35 188 8,0 A$ 30 158 7 755 7 350
-40 179 7,60 28 151 7392 7006
-45 169 \@ 25 144 7077 6708
-50 160 )68 23 137 6714 6 364
-55 150 N 64 21 129 6 351 6020
-60 141 g - 6,0 19 122 5987 5675
-65 132() 5,6 17 115 5625 5331
~70 120/ 5,1 13 107 5245 4971
~75 cyto 4,7 12 98 4832 4580
-80 /\(b\ 101 4,3 10 91 4469 4236
-85 <2y 89 3,8 7 82 4040 3829
90~ 80 3,4 6 74 3 627 3438
-9 N4 68 2,9 4 64 3148 2984
A0 54 2,3 1 53 2 604 2 468
105 42 18 3 45 1947 1845
-110 0 0 0 0 0 0
NOTE  Assumptions made in this table are the following:
— MMBtu=1x 106 Btu
— 1Btu=1055,056]
— GJ=1x107]
— LNG density = 470 kg'm™3;
— unitheat value = 46 520 Btu-kg™! (lower heating value of LNG);
— cargo cool-down table (one tank) at 5 °C intervals.
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C.2 Example of calculation of cool-down quantities

For a spherical tank, Table C.8 shows that a total of 11 641 GJ (11 034 MMBtu) shall be removed from
the tank to cool it from 30 °C to -110 °C. This is equal to 237 x 103 kg of LNG if the LNG has a heating
value of 49 081 K] (46 520 Btukg™1). Actual cool-down quantities vary as a function of the density and
heating value of LNG.

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

11 034 000/52 417 = 210,5 x 103 kg of LNG are required for cool down, which equates to 489,2 m3,

based on a
down from

difference b

3 %, due to

Under the s4

less LNG to

Other meth

46

the difference in the heating value of the LNG.

etween the LNG used in the table and the LNG actually used in the calculations is 5,1 i

ds may be used as mutually agreed upon or as indicated in the SPA.

density of 430,3 kg-m™3. Table C.8 indicates that 237 x 103 kg of LNG are needed to cool

5 hed : a=3 The

me temperature conditions and LNG heating value, a membrane tank requiressignificantly
Fool down to cargo temperature because the mass of the tank is smaller.
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Annex D

(informative)

Calculation examples

D.1 Example of an LNG cargo calculation

IS0 10976:2023(E)

The §
as IS

The
disch
chro
LNG

NOTH

mass of LNG, loaded or discharged, shall be calculated in accordance with indust

D 6578:2017. Contractual requirements can also apply.

cargo calculation includes the volume, mass and heating value of liqui @59
arged from the LNG carrier. It shall include determination of compositi
matographic analysis of representative samples, to determine LNG denﬁsy and heating
cargoes are calculated as energy transferred according to specific%@ractual methods.
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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)
LIST (DEGREE)

LEVEL (m)

TEMPERATURE (°C)

0,05 BY STERN
0,10 TO STARBOARD
TANK 1 TANK 2 TANK 3 TANK 4
No.1| 37,332 37,050 37,488 37,388
No.2 | 37,333 37,051 37,488 37,390
No.3 | 37,332 37,051 37,487 37,391
No.4 | 37,332 37,051 37,487 37,392
No.5 | 37,332 37,051 37,486 37892
AVERAGE LEVEL (m) | 37,332 37,051 37,487 37,391
TRIM CQRRECTION (m) 0,000 0,000 0,000 0,000
LIST CORRECTION (m) -0,001 0,001 0,001 0,001
THERMAL CORRECTION (m) -0,140 0,141 Al 0,141
CORREQTED LEVEL (m) 37,191 36,909 3,345 37,249
LIQUID YOLUME (m?) 35840527 | 35701728+ | 35912,842 | 35868,054
VOLUME SUMMED (m?) 143323151 | @-160°G
THERMAL EXPANSION FACTOR 1,000 02 @-15972 °C
CORREQTED LIQUID VOLUME (m?) 143326017 | @459,2°C
100% | -131,96_CY | -13724 VvV |-13468 V |-13758 V
75% | 15930 L | -15924 L | -15933 L |-15962 L
50% | 159341 L [-15925 L |-15936 L | -15961 L
259 15934 L [-15923 L |-15940 L [-15979 L
0% |-15931 L |-15924 L |-15936 L | -15994 L
TANK AYG VAPOUR TEMP (°C) -132,0 -137,2 | -1347 | 1376
SHIP'S AVG VAPOUR TEMP (°C) 1354
TANK AYG LIQUID TEMP (°¢) -159,3 -159,2 1594 [ -1587
SHIP'S AVG LIQUID TEMF(€) -159,2
TANK VAPOUR PRESSURE (kPa(a)) 1122 111,9 [ 1122 [ 1122
SHIP'S AVG VAPQUR PRESSURE (kPa(a)) 112,1
COMPANY NAME

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

SHIP’S MASTER
BUYER(S)
SELLER(S)
CARGO INSPECTOR

Key

V  vapour

L liquid
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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
No.1 | 0,695 5,885 0,612 0,567
No.2 | 0,696 5,885 0,612 0,567
No.3 | 0,695 5,885 0,612 0,567
No.4 | 0,694 5,885 0,612 0,567
No.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
LIQUID VOLUME (m?) 20,858 1,954,047 14,474 11,785
VOLUME SUMMED (m?) 1999,164 @160 °C
THERMAL EXPANSION FACTOR 1,000 02 @-159,2 °C
CORRECTED LIQUID VOLUME (m?) 1999,204 @-159,2°C
TEMPERATURE (°C)
100%.)661,44 V | -6834 V [-6400 V |-6440 | V
750 | -103,82 L |-11444 L |-10433 L |-10644| L
50% | -151,60 L |-15328 L |-151,38 L | -151,58| L
25% | -157,69 L |-15842 L |-157,88 L |-157,80| L
0% |-15912 L |-15939 L |-15901 L |-15928| L
TANK AVG VAPOUR TEMP (°C) -118,6 -123,6 | -1194 | 1201
SHIP’S AVG VAPOUR TEMP((°() -120,4
TANK AVG LIQUI'TEMP (°C) -159,1 -159,4 | -159,0 | 1593
SHIP’S AVG LIQUID-TEMP (°C) -159,2
TANK VAPOUR PRESSURE (kPa(a)) 111,1 110,7 [ 1111 | 11,1
SHIP’S/AVG VAPOUR PRESSURE (kPa(a)) 111,0
COMPANY NAME

SHIP’S MASTER
BUYER(S)
SELLER(S)

CARGO INSPECTOR

vapour
liquid

Figure D.3 — Example of custody transfer data — After unloading
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SHIP NAME
PORT NAME
CARGO NO
CHIEF OFFICER
BEFORE UNLOADING
DATE
LOCAL TIME
TRIM (m) 0,05 BY STERN
LIST (DEGREE) 0,10 TO STARBOARD
LEVEL (m) 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
THERMAL CORRECTION (m) -0,140 -0,141 -0,141 -0,141
CORREQTED LEVEL (m) 37,191 36,909 37,345 37,249
TANK AYG VAPOUR TEMP (°C) -132,0 -137,2 | -1347 | -137,6 \
SHIP'S AVG VAPOUR TEMP (°C) -135,4
TANK AYG LIQUID TEMP (°C) -159,3 -159,2 [ -159.4 [ s1587 \
SHIP’S AVG LIQUID TEMP (°C) -159,2
TANK VAPOUR PRESSURE (kPa(a)) 112,2 111,9 [ 1122 [ 1122 \
SHIP’S AVG VAPOUR PRESSURE (kPa(a)) 112,1
TANK VOLUME (m3) 35 840,527 35701,728 | 35912842 | 35868,054 \
VOLUMH SUMMED (m3) 143 323,151 @-160°C
THERMAL EXPANSION FACTOR 1,000 02 @-159,2°C
CORRECQTED LIQUID VOLUME (m?) 143 326,017 @-159,2 °C (A)
AFTER UNLOADING
DATE
LOCAL TIME
TRIM (nf) 0,00 EVEN KEEL
LIST (DHGREE) 0,03 TO STARBOARD
LEVEL (fn) TANK 1 TANK 2 TANK 3 TANK 4
AVERAGE LEVEL (m) 0,695 5,885 0,612 0,567
TRIM CJRRECTION (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
CORREQTED LEVEL (m) 0,573 5,757 0,489 0,444
TANK AYG VAPOUR TEMP (°C) -118,6 -123,6 [ -1194 [ -120,1 \
SHIP’S AVG VAPOUR TEMP (°C) -120,4
TANK AYG LIQUID TEMP (°C) -159,1 -159,4 [ -159,0 [ -1593 \
SHIP’S AG LIQUID TEMP (°C) -159,2
TANK VAPOUR PRESSURE (kP4(3)) 111,1 110,7 1111 [ 1111 |
SHIP’S AVG VAPOUR PRESSURE (kPa(a)) 111,0
TANK VOLUME (m3) 20,858 1952,047 [ 14474 [ 11,785 \
VOLUMH SUMMEDx(ni) 1999,164 @-160°C
THERMAL EXPANSION FACTOR 1,000 02 @-159,2°C
CORREQTED'LIQUID VOLUME (m?) 1999,204 @-159,2 °C (B)
VOLUME UNLOADED [11%) 141 326,313 @-B) 141327 @-B)
COMPANY NAME

SHIP’S MASTER
BUYER(S)
SELLER(S)
CARGO INSPECTOR

Figure D.4 — Example of certificate of unloading
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D.2 Example of calculation of density

The density of LNG, loaded or discharged, is expected to be calculated in accordance with contractual
requirements or if not otherwise specified, in accordance with industry methods, such as ISO 6578:2017.

Densities based on assumed values from specific cargo sources (density libraries) should not be used
for custody transfer quantity determination owing to potential contractual conflict and potential
inaccuracy because of compositional changes during the LNG carrier journey.

In Formula (D.1), the density, p, of LNG is calculated using the revised Klosek-McKinley method.

S(x.-M.)
p= — (D.1)

X
V)—| ky +(k, —k; ) x—2— |x
2(x;V;) [1 (ky —kq) 0,042 5} Xm

where
Ji is the density of liquid, expressed in kilograms per metre cubed’ (kg-m3);
X is the mole fraction of component i determined by the analysis;
¥ 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 (kg-kmol1);
v is the molar volume of component i, asliquid at temperature of 7, expressed |in cubic me-

tres per kilomole (m3-kmol1);
kiand k, are the correction factors for y6tume reduction of liquid at temperature of T}

is the average temperatureof the liquid in the ship's tanks after loading or before unload-
ing, expressed in degrees Celsius (°C).

NOTE 1  Values of M, can be found in ISO 6578:2017, Table E.1, ISO 6976, GPA,[1%] and EI(€l.
NOTHE 2  Molar volume is th€ yolume of gas occupied by one mole under specific reference fonditions of
tempprature and pressure. /Valiles of V; can be found in ISO 6578:2017, Table B.2 and the National Bureau of

Standards[131(14],

NOTE 3  Values ofdj and k, can be found in ISO 6578:2017, Tables C.1 and C.2, and the Natiofal Bureau of
Standards[131[14],

See Table D.1for a calculation example.
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