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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.
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Introduction

Measures for environmental protection are required on a global scale. In this connection, various
methods of achieving these aims have been independently studied or undertaken in many countries.
One such project, the development of the use of dimethylether (DME) as a new form of energy has been
undertaken in several countries. Use of DME generates neither sulfur-oxide nor any other particulate
matter known to cause environmental pollution at the time of combustion.

Another benefit of the use of DME as a petroleum alternative is that it can be produced easily from
natural gases, coals and biomasses with only slight additional development of the existing techniques of

prodpetion-transportation-storageand-consumption:
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fernational trade, liquefied gases in bulk are carried by specialized ships which are'eq
refrigerated or semi-refrigerated type tanks, or pressurized type tanks. For assessing
urementonboard these shipsis preferable because shore tanks atloading/dischargingd
e in transferring to/from tank cars by pipelines, etc. simultaneously withthe delive]
argo to/from the ships.

revent dispute over the delivered quantity of DME, uniform practieg”of volumetric mj
onsequent calculation methods is called for.
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Refrigerated hydrocarbon and non-petroleum based
liquefied gaseous fuels — Dimethylether (DME) —
Measurement and calculation on board ships

1 Scope

This|International Standard provides guidance on the practices for custody transfer ofcdi

methylether

(DME) on board ships, at both the loading and the discharging ports. It covers such aspects af volumetric

calcylation on board as measurement of liquid volume, vapour volume, temperatur¢ and p
accoynting for the total quantity of DME on board before and after loading/diseharging, r|
the type of ship’s tank.

ressure; and
egardless of

2 Terms and definitions

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

21

absdglute pressure

pressure in excess of a perfect vacuum, equal to the @lgebraic sum of atmospheric pressure and
effedtive pressure

2.2

automatic tank gauge

ATG

instrjument that continuously measures liquid height (dip or ullage) in storage tanks
[ISO[18132-1:2011, definition 2.1.1 and YISO 18132-3:2011, definition 2.1.1]

NOTHE1 An automatic tank gaugé.usually includes a level sensor, a gauge head and associated mounting
hardyvare, and in some cases localdisplay.

NOTE 2  Automatic tank gaugés are also known as automatic level gauges (ALGs).

2.2.1

float-type ATG

ATG that uses a fleat to detect the liquid level

[ISO[18132-1:2011, definition 2.1.5 and ISO 18132-3:2011, definition 2.1.4]

NOTH The float is guided by a tape or wire that is connected to a drum or a ratchet in the gaug¢ head, where
the ldvelmeasured is displayed locally and /or remotely.

2.2.2

magnetic-type ATG
ATG that measures the liquid level by magnetic reed switches with a float sensor including magnets, or

by m
[ISO

© ISO

agneto-strictive principle

18132-3:2011, definition 2.1.7]

2012 - All rights reserved


https://standardsiso.com/api/?name=28e30720719a44f6670e45462edd5288

ISO 16384

2.2.3
radar-type

microwave-

:2012(E)

ATG
type ATG

ATG that utilizes an antenna to transmit electromagnetic continuous waves toward the liquid in a tank,
and to receive electromagnetic waves which are reflected at the surface of the liquid

[ISO 18132-1:2011, definition 2.1.7 and ISO 18132-3:2011, definition 2.1.8]

2.3

custody transfer
measurement of liquid level, liquid and vapour temperature, and vapour pressure of the DME to be

r the

delivered tof

assessment

2.31
closing cus

£ 4 11 lLiacla 1 d otla daot dat H | R P H £ i
ITUIIl d Ldllly, U_y VVIIICIT VUIUIIIT dIIU ULLITT Udld dI' T UCLUTIIIIIICU d5 L1IT UdoS1o Ul Pﬂ_y ITITIIU'Y
of duty

fody transfer

custody trapsfer implemented after loading or discharging cargo from the tank(s)

2.3.2
opening cu

stody transfer

custody trapsfer implemented before loading or discharging cargo from the‘tahk(s)

2.4
heel
amount of ¢

[ISO 10976:

2.5

saturated v
vapour pre
pressure ex

3 Charas

3.1 Gene

DME has thd
safety precg

3.2 Gene

DME has th
safety precg

hrgo retained in a cargo tank prior to loading or after discharge

P012, definition 3.1.16]

apour pressure
Ksure
brted by the vapour above the liquid in"equilibrium at a given temperature

cteristics and properties.of DME

ral

following typical characteristics and properties (see ISO 29945), in consideration of w
utions should be-taken.

ral charaeteéristics

e following general characteristics, which should be considered with respect to per
utigns:

hich,

tonal

a) non-co
b)
c)

TOSIve;

relatively small temperature coefficient of volume expansion;

acts as an effective solvent of many materials;

d) hydrophilic.

3.3 Chemical and physical properties

DME has the following general chemical and physical characteristics:

a) boiling point: -25,1 °C at atmospheric pressure;

b)

2

saturated vapour pressure: 0,61 MPa at 25 °C;
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explosive range: 3,4 volume % to 27,0 volume %;

relative gas density: 1,59 relative to air;

iquid density: 677 kg/m3 at 15 °C.

General precautions

General

*commended operating practices 1ssued by orgamzatlons such as the Internatlon
Orgaization (IMO), International Chamber of Shipping (ICS), Oil Companies Internati

m (OCIMF), International Association of Classification Societies (IACS) and,individu

derations, local regulations, or the specific provisions of any contract.
Equipment precautions
Accuracy inspection and verification of gauges

gauges, temperature measuring equipment and pressute gauges to be used for cust

ections as required by regulation and/or the sales contract.

ficates of these accuracy verifications shall document the inaccuracies of gauges
ments with regard to their operational condition and suitability for use. They shall b
ate the person and company performing the verification. The most current certificat
on board for inspection by any party tosubsequent custody transfer operations.

Maintenance of gauges

bnnel so as to guarantee effective cargo control and accurate custody transfer.

Operation of gauges

gauges, temperature measuring equipment and pressure gauges shall be operat
bnnel designated by the shipmaster.

Malfunction of gauges

>quirements
hl Maritime
bnal Marine
hl operating
yironmental

bdy transfer

be subject to accuracy inspection at the time of installation on board and at subsequlent periodic

hind provide
e dated and
e(s) shall be

gauges, temperature measuring equipment and pressure gauges shall be maintained by ship’s

bd by ship’s

In th

actio

ns taken at the destlnatlon Wlthout delay

4.2.5 Tolerance of gauges against cargo nature

In accordance with the type of tank, i.e. fully refrigerated, semi-refrigerated or fully pressurized, level
gauges, temperature measuring equipment and pressure gauges shall be designed to withstand low
temperatures or high pressure as well the solubility of DME.

4.2.6 Change of gauges

Any changes to level gauges, temperature measuring equipment and pressure gauges require the
approval of the ship’s flag administration and/or classification society, and require external verification

© ISO
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of accuracy by a competent metrological authority for DME custody transfer. All described equipment
shall meet minimum requirements as detailed by the ship’s flagadministration and classification society.

4.2.7 Use of other type of gauge

Level gauges, temperature measuring equipment and pressure gauges including those which use
measurement technologies not described in this International Standard are considered acceptable
for use in DME custody transfer service if they are judged to be compatible with those gauges in this
International Standard by the parties to the sales contract of DME, and approval by national regulations.

5 Tank dapacity table

5.1 Genefal

ullage, average temperature of liquid and vapour, and vapour pressure. The volume ofthe liquid is given
by the ship’s tank capacity table; the volume of vapour is calculated by subtracting the liquid volume
from the ful] capacity of the tank.

Static measuyrement of DME in a ship’s tank requires determination of liquid level expressed as innife or

5.2 Contents of tank capacity table
Regardless ¢f the type of cargo tanks, ship’s tank capacity tables shall contain the following:

a) calibratiion certificate, issued by a qualified calibration organization, which states uncertainty of
the tank calibration;

b) location of level gauges in relation to cargo tank geometry;

c) volumel|in terms of cubic metres with three degimal places corresponding to the innage or ullage
expressed in centimetres or millimetres between bottom datum point and tank top;

d) referen¢e temperature and full capacity/ofithe tank including top dome;

e) example of the use of tank capacity.table;

f) trim andl list correction tables;

g) thermal correction table and density correction table for float-type ATG where applicable;

h) table of volume corréctions due to thermal contraction of tank material in the case of |fully
refrigerjated or semi-refrigerated tanks.

6 Level gauges

6.1 Type oflevel gauges

Ships with fully refrigerated or semi-refrigerated tanks are usually equipped with radar-type, float-
type or magnetic-type ATGs whereas ships with pressurized tanks are usually equipped with float-type
or magnetic-type ATGs or slip-tubes (see ISO 18132-3).

6.2 Accuracy of level gauge

Accuracy of a level gauge depends much on the type of the gauge. ISO 18132-3 requires the accuracy of a
level gauge to be better than +10 mm with minimum resolution of 1 mm throughout the measuring range.

It should be noted that the accuracy stated on the accuracy certificate is the accuracy defined at the time of
accuracy verification under atmospheric conditions, not the accuracy at time of use under service conditions.

4 © IS0 2012 - All rights reserved
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6.3 Use of designated level gauge

Where two sets of level gauges are installed in a cargo tank, they shall be designated as the primary
level gauge and the secondary level gauge. Functioning of a primary level gauge may be monitored by the
corresponding secondary level gauge, and vice versa; however, it is recognized that such a comparison
cannot verify the accuracy of a level gauge to ensure it meets the tolerance. Nevertheless, cross-checking
and tracking of the history provide an indication of the performance of the level gauges on the ship.

7 Temperature measuring equipment

7.1 | Type of temperature sensor

Temlﬁerature measuring equipment consists of temperature sensors fitted in thestanks|and display
appajratus located on deck or in the cargo control room.

Platipum resistance thermometers are commonly used as temperature sensors-(see ISO 831D). However,
othel types of sensors can be seen in the measurement of DME on board ships.

7.2 | Accuracy of temperature measuring equipment

It shpuld be noted that the accuracy stated on the accuracy certificate is the accuracy dgfined at the
time|of accuracy verification where the sensors are inspectedas a part of the temperatur¢ measuring
equipment. Accordingly, when one of the sensors is replaced, the display unit shall be adjysted for the
new kensor and the results be verified.

Perfgrmance criteria of temperature measurement  equipment are established in Ipternational
Stanglards, government regulations, the sales contract, the manufacturer’s instructions and calibration
certificates. In the absence of specified toleranee$ to be referred to, the accuracy of the femperature
meaguring equipment, regardless of the type of the sensor, should be better than + 0,5(°C with the
minimum resolution of 0,1 °C (see ISO 8310) covering between -50 °C and 30 °C.

7.3 | Number and position of temperature sensors

In thle cargo tank, at least onersenisor shall be mounted in a position which is always occiipied by the
vapour irrespective of loadingcondition. Multiple sensors should be mounted vertically |n the cargo
tank|to measure the liquid‘temperature, one of which shall be mounted as near to the tank bottom as
possible to measure the‘temperature of the heel.

8 Pressuregauge

8.1 | Type:and number of pressure gauges

Any kind of pressure gauge may be used. It may be one consisting of both transmitter and receiver or
with local display only. It also may be one that measures the gauge pressure or absolute pressure.

When a gauge-pressure type pressure gauge is employed for custody transfer, the absolute pressure
shall be calculated by adding the reading of a certified barometer to the reading of the pressure gauge.

A pressure gauge should be installed in each cargo tank to measure the pressure of the cargo tank
vapour space.

8.2 Accuracy of pressure gauge

Performance criteria are established in International Standards, government regulations, the sales
contract and the manufacturer’s instructions. In the absence of specified tolerances to be referred to,
the accuracy of pressure gauges should be within 1 % of their measuring span.

© IS0 2012 - All rights reserved 5
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9 Preparation for custody transfer

9.1 Facili

ties for cargo operation

Functioning of level gauges, temperature measurement equipment and pressure gauges as well as the
various facilities used for cargo operation shall be confirmed with their proper functioning before the
ship’s arrival at the loading/discharging port.

Activities which may affect the measurement of liquid level, temperature and pressure in the cargo
tanks shall be stopped in advance of the custody transfer operation.

9.2 Pipelines

Theliquid lijpe and vapour returnline shall be connected during the ship/shore meeting for quickdisp

The valves

The ship’s
before and 4

9.3 Ship

9.3.1 Prio
representat]j
be signed by

9.3.2 Atth
a) names 3
b) pre-arr
c) thefact

d) cargo t4
compos

e) the prey

f) ship reg
valve cl

9.3.3 The

a) names 3

atch.

these lines shall be kept closed until the custody transfer measurement has been completed.

livery lines may be full or empty, but they should preferably be in an.identical cond
fter loading/discharging.

shore meeting

r to loading/discharging, the shipmaster shall hold a»meeting to be attended by
ves of the ship, terminal and qualified inspection organization. Minutes of the meeting
these attendees.

le meeting, the ship shall provide or confirm the fellowing information:
nd roles of ship personnel who will be responsible for cargo transfer;
val instructions on cargo;

that all necessary ship equipment inspections and tests have been carried out;

ition of tank vapour, and total quantity of cargo on board;
rious three cargoes caryied by the ship;

rulations and emergency procedures with particular attention to emergency shut-g
bsure times aiid to the agreed emergency shut-down procedures.

terminal‘shall provide or confirm the following information:

ndioles of terminal personnel who will be responsible for cargo transfer;

ition

r the
shall

nk data such as temperatures, pressures, cargo tank quantities, liquid heel and arrival dip,

lown

b) thatth

TEIevarnt terminat equipment 15 satisfactory and tirat appropriate INSPECTion CHECKS

been carried out;

have

c) port and jetty regulations with particular attention to berth operating limits, fire-fighting

capabili

9.3.4 The

a) acomm

ties and other emergency procedures.

ship and terminal shall agree on the following:

on language for communication;

b) equipment and procedures for normal and emergency communications;

c) the order of loading/discharging;

d) thetota

6

1 quantities of cargo to be transferred;
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e) the sequence of discharging and receiving tanks;

f) the intended transfer rates;

g) the transfer temperatures and pressures to be expected;

h) the use of vapour return lines;

i) any further information or procedures relevant to the operation.

NOTE1 Adapted from SIGTTO Liquefied gas handling principles on ships and in terminals[8].
NOTE2——Referto-0tF-nternationatsafety guideforot-tankersamd-terminats-{HS60FFHHforthe ship/shore
safety checklist.

10 Custody transfer measurement

10.1f General

Oper]

incl
onw

Cust
with
form

10.2

The |
outg

A sufficient number of measurements shall be made and averaged according to the condition

surfg

Prior
type

The
corrg

10.3
Ther]

ing custody transfer is implemented immediately before loading/or discharging

e measurement of liquid level, liquid and vapour temperatufe, and vapour pressure of
hich the quantity of DME delivered to/from the tanks is détermined.

hdy transfer shall be witnessed by an independent-gualified inspection organiza]

. Measurement shall be performed without interxuption.

Measurement of liquid level

primary level gauge shall be used for clistody transfer measurement unless it is identif
f order. The secondary level gauge shall always be in operational condition.

ce.Inthe case of slip tubes, note thataccurate level measurement is achieved only by skilf

to measurement, the settings of the ATG shall be confirmed. For example, the settin
ATG can be confirmédat the top reference point.

ship’s draft shall-be observed by the ship’s responsible officer for calculation of t
bction. Trim aiid list may be ascertained by an inclinometer or draft gauge.

Measurement of temperature

e may'be cases in which a measured temperature can be judged to be of liquid or of v

on th

E. Closing

M
cus‘t:tjdy transfer is implemented immediately after loading or discharging. Both custcljiy transfers

DME, based

ion with or

but representatives from the terminal. Results of the measurement shall be recorded on a blank

ied as being
of the liquid
1] operation.

bs of a float-

Fim and list

hpour based

etémperature itself; however, precise determination requires comparison of the po

sition of the

temperature sensor and the liquid level. In addition, temperature measured by a sensor in the tank
dome should not be taken into account when it is judged to be subject to heat input.

Liquid temperature and vapour temperature at each cargo tank shall be separately averaged.

10.4 Measurement of vapour pressure

Vapour pressure shall be measured by the pressure gauges installed in each cargo tank.
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11 Quantitative calculation

11.1 General

Referring to the ship’s tank capacity table, the independent qualified inspector and ship’s responsible
officer shall calculate the volume and mass of DME in the ship’s tanks from the data collected through
custody transfer measurement. Representatives of the terminal can occasionally participate in the
calculation process. Density of DME, expressed in kilograms per cubic metre to one decimal place, shall
be presented by the loading terminal.

11.2 Conceptofquantitativecatcutation

a) Using tdnk capacity tables, calculate the liquid volume in each tank in terms of cubic metrées to three
decimal places at the averaged liquid temperature in the tank, applying necessary correctiohs as
appropriate (see Table 1). Calculate the total mass of DME in liquid state on board in‘kilogramsg. The
density|of DME at a given temperature may be estimated using the equation presented in Anngx A.

b) Calculate total vapour volume (Vy) in each tank by deducting liquid volume at the averaged ljquid
temperature from the tanks’ full capacity, then calculate total mass in.kilograms of DME in the
vapour ptate (My) on board using the following equation:

M_ 27315 Py
0,0224" T, 101,325

where

My | isthe mass of DME in the vapour state (kg);
Vy | isthe vapour volume of DME (m3);

M is the molecular weight of DME (kg/mol);
Ty | isthe average vapour temperature (K);

Py | isthe vapour pressure (kPaA).

c) Calculate the total mass in*kilograms of DME on board by adding the values obtained in a) and b).

d) Deduct the total mass‘before loading from that after loading and define the mass of DME load¢d on
board ofr deduct the total mass after discharging from that before discharging and define the mass
of DME dischargéd.

8 © IS0 2012 - All rights reserved
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