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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

The objective of this document is to set qualifying requirements for the master Corolis mass flow meter in
the bunkering context as well as to establish meter verification requirements and a verification procedure
for using the master meter. The meter verification is performed to:

a) verifyt

he mass flow meter (MFM) that is used for custody transfer;

b) track the meter stability of the duty meter used in the MFM system at regular intervals during its
commercial service.

Regular meter verification provides another option to MFM users other than regular re-calibration. It is
more efficient, less costly and less time-consuming to monitor the measurement performance of the MFM

over time iy
This docum
In this docu
— “shall”

— “should

compliance with the metrological requirements for custody transfer.
ent is intended to complement the meter verification requirements in ISO 22192.and
ment, the following verbal forms are used:

ndicates a requirement;

" indicates a recommendation;

— “may” ipndicates a permission;

— “can” in

dicates a possibility or a capability.

© IS0 2024 - All rights reserved
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Bunkering — Meter verification using master Coriolis mass
flow meter

1 Scope

This document specifies the criteria and metrological requirements to qualify a master meter and

rerification,

subsequen
using a ma
bunker tan]

2 Norm

vmaintain its gualification It establishes reguirements and nrocedures for meter
Y T T T

cter mass flow meter to verify the accuracy and functionality of a duty meter. ins
ker or at a terminal.

htive references

There are npp normative references in this document.

3 Termg
For the pur

ISO and IEC

IEC Ele

3.1
accuracy
closeness o

[SOURCE: I§

3.2

error

E
measured ¢

[SOURCE: 1§

3.3
error perc
E%

and definitions
boses of this document, the following terms and definitiéons apply.

maintain terminology databases for use in standardization at the following address

ISO Online browsing platform: available at https://wwwiso.org/obp

ctropedia: available at https://www.electropédia.org/

agreement between a measured-quantity value and a true quantity value of a measy

0/IEC Guide 99:2007, 2.13, medified — Notes 1, 2 and 3 to entry deleted.]

uantity value minus a reference quantity value

0/IEC Guide99:2007, 2.16, modified — Notes 1 and 2 to entry deleted.]

bntage

talled on a

ES:

rand

sl 11 1 £ ; 1
error (32) arviaea oy tnesamerererencequantity varde

3.4

master meter
Coriolis mass flow meter which is qualified to verify the meter under test (3.9)

3.5

maximum mass flow rate

Qmax

maximum flow rate to which the meter under test (3.9) and the master meter (3.4) have been qualified to
operate in compliance with the required accuracy

© IS0 2024 - All rights reserved
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3.6

measurement uncertainty

non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand, based on the information used

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified — Notes to entry deleted.]

3.7
meter factor
totalized mass quantity from the master meter divided by totalized mass quantity from the meter under test

3.8
meter stability

property of.a mnacnring mstrument urhnrnhy its mnfrn]ngira] prnpnrﬁnc remain-constantovertime

Note 1 to enflry: Stability may be quantified in several ways:

— in termg of a time duration over which a metrological property changes by a stated amoung;
— intermg of the change of a property over a stated time.

[SOURCE: 130 22192:2021, 3.32]

3.9
meter under test
MUT
Coriolis mafs flow meter or any mass flow meter approved for custody transfer that is undergoing meter
verification|(3.11)

3.10
meter verification report
report gendrated after the completion of the meter verification (3.11) containing the results and relevant
critical datg pertaining to meter verification

3.11
meter verification
verification| of the accuracy (3.1) of a meter under test (3.9) from the start of the first run to the end of the
final run

3.12
meter verification process
requiremerjts and procedures.far verifying the accuracy of the meter under test (3.9) by the mastey meter (3.4)

3.13
minimum mass flow ate
Qmin
minimum flow ratéto which the meter under test (3.9) and the master meter (3.4) have been gualified to
operate in dompliance with the required accuracy (3.1)

3.14
nominal K factor

NKF

coefficient entered in the accessory equipment by the verification officer (3.23), which relates a frequency
(mass) input from the Coriolis transmitter to a mass flow rate

Note 1 to entry: The nominal K factor is expressed in pulses per unit quantity (mass).

3.15

repeatability

proximity of a match among a series of results obtained with the same method on identical test material,
under the same conditions (same operator, same apparatus, same laboratory and short intervals of time)

[SOURCE: 1SO 22192:2021, 3.39]

© IS0 2024 - All rights reserved
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run
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activity during which a quantity of flow is measured and assessed during meter verification (3.11)

3.17

run density
average density recorded during a run (3.16)

3.18

run pressure
average pressure recorded during a run (3.16)

3.19

run temper:\hl re

average te

3.20

test servic
company th
out the met

3.21
third-party
person or o
customers

3.22
verificatio

nllperature recorded during a run (3.16)

p provider
at is competent in all provisions of this document and qualified as a third-party (3.]
br verification process (3.12) for custody transfer purposes

I
rganization that is unrelated to the manufacturer or supplietrof the object of conforn

h flow rate

flow rate dfiring meter verification (3.11) that is between thévninimum mass flow rate (Q,;,,) (3.

maximum n
calibrated ¢

hass flow rate (Qy,,,) (3.5) of the meter underitest (3.9) and the master meter’s Q|
n oil

Note 1 to enyry: The verification flow rate is determined\from the data on historical operational flow rate|
tanker/termjfnal in consultation with a test service provider (3.20) during a pre-test meeting.

Note 2 to entry: Historical operational flow rates data show the data on flow rate typically used durin|

This data lig
time during

3.23
verificatio
person whd

4 Safety

4.1 Ther
Annex A.

bunkering, from which the vetification flow rate is determined.

h officer
is competent and qualified as a third party (3.21)

, health. and environment during meter verification

equirements expected to be observed by all personnel during meter verification af

V1) to carry

hity or their

13) and the
in and Qmax

s of a bunker

g bunkering.

s between the duty meter’s minimum mass flow rate and maximum mass flow rate, accugnulated over

e set out in

NOTE

tanker/terminal and a test service provider.

Relevantlocal requirements and international safety standards can apply to the personnel of both a bunker

4.2 The masters of the bunker tanker and the test service provider shall remain responsible for the safety
of their vessel, crew, cargo and equipment at all times and should not permit safety to be prejudiced by the
actions of others.

4.3 All parties involved in the meter verification process shall equip themselves with the following

minimum p

ersonal protective equipment (PPE) safety items:

— safety helmet;

© IS0 2024 - All rights reserved
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— safety shoes;
— gloves;
— life jacket.

All parties involved in the meter verification shall wear PPE at all times while on board the bunker tanker
and at the terminal. They shall equip themselves with multi-gas detectors [hydrogen sulphide (H,S) and
oxygen (0,), carbon monoxide (CO), low explosion limit (LEL)] and use them on site at all times.

WARNING — The meter verification process shall only be performed by qualified persons. All parties
involved in the meter verification process should be able to execute their work safely and efficiently,

without any impairment to their personal health.

5 Metrdlogical requirements for master meter

5.1 Gengdral

This clause|specifies a master meter’s metrological traceability, calibration and re-¢alibration requirements
in this application and the maintenance of its master meter metrological status.

5.2 Master meter requirements

5.2.1 Themaster meter shall be calibrated in water in a laboratory

NOTE Lpboratories meeting ISO/IEC 17025 are deemed to be competent with the approved calibration and
measuremer]t capability (CMC) to cover the flow measurement.

5.2.2 For|water calibration with direct traceability.€0 an SI unit of mass, the master meter calibrated
errors between its evaluated and certified flow rates-between the minimum mass flow rate, @},,;, and the
maximum rhass flow rate, Q,,,,, shall be not more than 0,033 %, which is one-third of the water calibration
requiremerlt (level 1) for the duty meter. The water calibration rig shall have a measurement ungertainty of
not more thlan 0,017 %.

The uncertpinty components of the master meter shall include the calibration of the meter, meter error,
repeatabilify, reproducibility and zéro"stability. The components for uncertainty estimation for meter
verificationjunder site conditions are’listed in the uncertainty budget table as shown in Table B.].

5.2.3 Thelwater and oil calibrdtion of the master meter shall meet the combined measurement pincertainty
of 0,1 %, which is one-thixd\the combined measurement uncertainty of the duty meter. As evidegnce to meet
this requirgment, it is expected that there is a report (or reports) with supporting documents isgued by:

a) anatiopal metrelogy institute; or

b) anapp¢inted'International Organization of Legal Metrology (OIML) issuing authority.

5.2.4 The oil calibration shall use bunker fuels or equivalent and shall cover from Q,;, to Q,,,, with a total
of five or more flow calibration points evenly distributed from Q,;, to Q.- Each flow calibration point shall
have three runs.

5.2.5
verification

In deciding the Q

max
flow rate shall be within the Q,;, and Q,,, during meter verification.

of the master meter for oil calibration, it is important to consider that the

5.2.6 The master meter can only be used for meter verification for the flow direction for which it was

calibrated.

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=915a8d52b4439279dfeae7339f9088a4

ISO 6996:2024(en)

5.3 Maintenance of master meter status

5.3.1 The master meter shall maintain its performance status and shall undergo annual re-calibration in
water. Refer to Annex B for the uncertainty budget table.

5.3.2 The master meter shall solely be used for meter verification as specified in this document and shall
not be used for custody transfer operations at any time.

6 Meter verification process

6.1 General

This clause|explains the meter verification process, which includes the requirements andcprojcedures for
verifying tHe accuracy of the duty meter by the master meter. The procedure carried outbya third party is
applicable fpr checking the duty meter used for a custody transfer operation.

6.2 Requirements
The requirgments for meter verification are as follows:

a) Stable flow conditions (e.g. pressure, temperature, density, aeration”within an acceptablle limit as
specifigd by the meter vendor) shall be established before meter verification can commence.
b) Meter (erification shall be done with a minimum of one verification flow rate.
NOTE 1| Itis good practice to carry out meter verification withanore than one verification flow rate, faking into

consideration the range of the operational flowrates of the méter under test (MUT).
c) A minithum of three consecutive runs shall be perfoeried at each verification flow rate.

d) The mepsured quantity of each run shall not bédess than the master meter and meter under tgst (MUT)’s
certifiel minimum measured quantity.
NOTE 2| Legal requirements can apply.
NOTE 3| Users can refer to the meter’s\type evaluation certificate or report provided by the meter v¢ndor for

details dn the certified minimum measured quantity.
e) Repeatability of all runs shall-be no more than 0,12 %.
f) MUT adcuracy (error pereentage) shall be no more than 0,3 %.

g) For mefer verificatien to proceed, the actual verification flow rate for the MUT shall be betweepn its Q,,;,

and Q,},, and shall be between the master meter’s Q,;, and Q. as per oil calibration.

h) The actualverification flow rate of each run may deviate +10 % of the pre-determined verifi¢ation flow
rate, granted the requirements in 6.2 g) are met.

6.3 Meter verification setup

In a typical meter verification setup, the MUT is connected in series with the master meter skid by means of
flexible composite hoses. The master meter will be positioned downstream of the MUT and as close to the
MUT as possible to minimize uncertainty in measurement (see Figure 1 and Figure 2).

© IS0 2024 - All rights reserved
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Figure 1 — Typical schematic diagram of meter verification setup for bunker tanker
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Figure 2 — Typical schematic diagram of meter verification setup for land based MFM
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6.4 Procedures

6.4.1 Pre

-test meeting

Prior to the meter verification, a pre-test meeting shall be held in advance with all relevant parties present,
including the test service provider and the owner of MUT, in order to facilitate and achieve the successful

conduct of t

he meter verification process.

Some of the tasks required to be performed by the test service provider are listed below but they are not
limited to the following:

in line with 6.2 g).

Work with the bunker tanker or terminal to determine the verification flow rate for meter verification

a)

b) Confirn
reading

)

d) Determ
to ensy
ullage i

e) Determ
reducel

6.4.2 Ste

Actions for

Coordinate a suitable test schedule which includes both the test timing and site loeation.

I the receiving tank for the returning loop.

hditioning once the meteyverification setup is completed and checked.

h the bunker tanker or terminal’s readiness to conduct the meter verification\p
ss refers to the likelihood of achieving stable flow conditions at the verificatiod flow

ine and identify the product storage tanks to be used for meter verification. It is re¢
re sufficient product for meter verification at the verification flow.rate and to hay

ine the appropriate and required logistics needed for meter verification (e.g. fle
s, electrical connecting points, wiring diagram of MUT).

ps and actions
Imeter verification are as follows:

the non-resettable totalizer readings of thé/MUT at the start and end of the meter

nd record the critical performance parameters of the MUT as shown in the checklis{
ind after meter verification.

e pump and circulate the preduct to both the MUT and the master meter to pack t}

all mechanical connections are secured and free from all possible leaks.
e the pumping rate.until it reaches the verification flow rate.

ind ensure all-tést data or readings (e.g. meter make, model, identification tag, ser
bw rate, temperature, density) necessary for meter verification can be monitored or
ter metersystem.

le flow conditioning for both the MUT and the mass master meter until a stable flow]

Locess. The

rate.

ommended
e sufficient

kible hoses,

verification

in Annex C

he lines and

ial number,
aptured by

rate can be

dor seen from variables such as pressure, temperature, density and aeration.

Perform the zero verification on the master meter to the required specified allowable limits set by the

test service provider. The master meter pre-set zero shall be verified to be within the prescribed error
of 0,2 % of its certified minimum flow rate.

not more than 0,12 %.

a) Record
procesg.
b) Check 4
before
c) Startth
flow co
d) Ensure
e) Increas
f) Check §
mass fl
the ma
g) Continyg
achievg
h)
i)
completed.
j)
k)

achieve not more than +0,3 %, if the repeatability is within the limits specified in step j).

© IS0 2024 - All rights reserved
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Repeat steps h) and i) for different verification flow rates (if required) and record the error percentage
of the MUT respectively.

Abort the meter verification and investigate the causes. Undertake another meter verification after the
issues have been resolved if the repeatability is not achieved within the limits in step j).

Proceed to generate a meter verification report as shown in Annex D upon successful completion of the
meter verification.

Clear the verification loop and ensure the product is returned to the respective storage tank.

Power down the master meter verification setup and disconnect the master meter skid from the
verification setup. Care shall be taken to prevent possible leakages or spillages from the disconnection

process.

Secure
and thi

6.5 Documentation

6.5.1 The

on board thie bunker tanker/terminal.

6.5.2 Thelmeter verification report shall contain all details in Annek D.

6.5.3 For

a)

b)

The avq

record¢d in the meter verification report.

The ve

[ification flow rate, run density, run temperature and run pressure during meter

shall b¢ closely monitored for process stability.-These parameters shall be within the limits
by the manufacturer of the master meter. These meter verification data shall be kept and ma

for ana

ysis when required.

the MUT and its MFM system with the respective security seals (i.e. Weights and)Mgasures seal
rd-party seals). Issue the meter verification report and the new seal verificationrepdrt.

outcome of meter verification is the meter verification report. A copy of the report shall be kept

the purpose of harmonization of the meter verification; the following requirements gpply:

rage density and average temperature of threexor'more consecutive runs shall be cgptured and

verification
ns specified
de available

© IS0 2024 - All rights reserved
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Annex A
(informative)

Safety, health and environment

A.1 Safety, health and environment and security requirements during meter

verificati

A.1.1 Saf

NOTE S
verification

Personnel
internation
while perfo

A1.2 0il

A.1.2.1 Pg
terminal’s §

A.1.2.2 Pg
area, compl

A1.2.3 A
approval p1

A1.2.4 Pg
rules and p

A.1.2.5 Pq
terminal tr

Al1.2.6 A
activity pri

A1.2.7 Aj

on process for duty meter installed at oil terminal

pty, health and environment and security policy at the oil terminal

ctivity.

ire expected to comply with the in-house rules in each terminal and adhere tq
hl standards and codes of practice (CP), which may be advised by thé terminal from t
'ming work in the terminal or visiting the terminal(s).

[terminal in-house rules

rsonnel who are required to work in the terminal shall attend and successfully c

rsonal protective equipment (PPE) shall be worn appropriately when working in th
[ying with terminal SHE requirements.

method of statement and risk assessment shall be conducted and submitted to the t
ior to any work activity to be carried;out.

rsonnel who are required toiwerk in the terminal shall fully comply with the termi
rovisions.

rsonnel who are required to drive any form of vehicles are expected to conform
\ffic rules and speed/imit.

permit to werk (PTW) shall be applied by the personnel carrying out the meter

1y Ancident that involves injury to personnel or damage to property or pollu

hfety, health, environment and security requirements can apply to personnel involved inthe thaster meter

applicable
ime to time

mplete the

afety induction course before they are allowed to perferm any work in the terminal premise(s).

e operation

erminal for

hal security

fully to the

verification

br to commencement of activity. The PTW shall be approved by the terminal representative.

tion to the

environment-shall be reported to terminal representative immediately.

A.1.3 Pre-delivery conference

As meter verification at the terminal is conducted as part of the loading from shore tank to bunker tanker,
a pre-delivery conference prior to the commencement of this operation shall be conducted between the
representatives of the terminal bunker tanker and bunker surveyor (when engaged) as set out in Clause 4.

© IS0 2024 - All rights reserved
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A.2 Safety and field inspection checklist for the meter verification process involving
duty meter installed on bunker tanker

A.2.1 The master of the bunker tanker is responsible for all safety and oil pollution prevention matters of
the bunker tanker and its personnel while the duty meter is undergoing the meter verification process.

A.2.2 The test service provider is responsible for all safety and oil pollution matters involving meter
verification skid during the meter verification process.

Below is a field inspection checklist.

Inspector:

This insped
a hazard aj
the facility.

and the co;l?l

completed

Field inspection checklist

Date:

a timely manner.

tion checklist monitors the compliance activities at the MFM verification skid/It alj
sessment to current activities. The inspection shall be completed in all-the worki
Any abnormal findings/issues shall be summarized on the last page. Gprrections sh
pletion date shall be documented on the summary page. All corrections are exp

0 serves as
ng areas of
all be made
ected to be

Emlergency preparedness

Yes

No

N/A

Comments

Are all emy]
procedure

loyees aware of the evacuation
n the event of an emergency?

Housekeeping

Yes

No

N/A

Comments

[s the movs
testing are
personnel :

ment restricted within the
h (i.e. non-essential
ire clear of the area)?

Are tools s
not in use?

fely secured and stored when

that need t

Are there any other housekeeping issues

b be addressed?

Electrical

Yes

No

N/A

Comments

Are the cir
tripping?

Cuit breakersiregularly

Are the wit
condition?

ings in-the skid in good

Are all exténstomcords pluggedimtoa
grounded outlet when in use?

Are there a

ny other electrical issues that

need attention at this time?
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Mechanical Yes No | N/A Comments

Are flanges/hoses properly connected?

Has the securing/harnessing of hoses
been completed?

Has the leak test been conducted prior to
the actual proving?

Personal protective equipment (PPE) | Yes No | N/A Comments

Are PPE available to all test personnel?

Are lifejacHetsavailable Tor test personnel
while crosqing the gangway?

Are there gny other PPE issues that need
to be addrdgssed at this time?
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Annex B
(informative)

Uncertainty budget for meter verification

Table B.1 shows the sources and components which contribute to uncertainty measurement.

Table B.1 — Uncertainty budget table

No. Sources contributing to uncertainty measurement Components
1 Referjence standard and master mass flow meter (MFM) used a) Linearity, reproducibiljty, error
b) Long term instability
c¢) Laboratoxy calibration
2 Methpd and reference materials used (bunker fuel) a) Process - flow rate insfability,
synchronised error
b) “Hydraulic circuit - betwveen
master meter and duty] meter
3 Envifjonmental conditions (actual flow measurement and a) Repeatability
site cpnditions)
b) Resolution
4 Propé¢rties and site conditions of master meter a) Low flow cut off
b) Zero instability
c¢) Error of zero and metef factor
5 Operator Repeatability
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