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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

The need for multiphase flow measurement in the oil and gas production industry has been evident for
many years. Multiphase meters have been developed since the early eighties by research organizations,
meter manufacturers, oil and gas production companies and others: different technologies and various
combinations of technologies have been employed. Some technologies have been abandoned, whereas
other meters have become commercially available: the number of applications and users is increasing.

The first Norwegian Society for Oil and Gas Measurement (NFOGM) handbook of multiphase metering

(hprpqﬂ'pr cimp]y called the H;\ndhnnl{) was pnh]ichpd in 19985 (cpp Reference [ED S

nce then,
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Itiphase flow measurement has matured. New applications of multiphase flow metérs
e emerged, from simply being a replacement for the conventional test separator sharediby
wells, towards more compact and low-cost meters with application on a one-per,well
tallations on shore, topside and subsea.

ce multiphase flow metering technologies and applications had developedsignificantly s
OGM updated the Handbook in 2003-5 to reflect these improvements-and to make it
de for state-of-the-art multiphase flow measurement. That work was financed by NFOGN
rwegian Society of Chartered Technical and Scientific Professionals (Tekna).

lowing calls from industry to produce an ISO document, NFOGM.very generously allowed
Handbook as the basis for this document.

tering systems.

e document can also serve as an introduction@o newcomers in the field of multip

luded.

b if the individual flow rates of each constituent are of primary interest, often their ratios
hid ratio, gas oil ratio) are useful as operational parameters. Total hydrocarbon mass floy
required in particular applications{CGonstituents other than oil, gas and water flow rates d
se are not dealt with in this document.

e performance of a multiphase flow meter in terms of uncertainty, repeatability and range
portance, as this enables the user to compare different meters and evaluate their suitabil
specific applications. Clause 8 covers this issue in detail and proposes standard methods t
-formance.

bting and qualification of MPFMs are required to verify performance. Guidance is provid
Fimize the oufcome of such activities. Since MPFMs measure at line conditions, the primarsy
ividual flowrates and fractions at actual conditions (i.e. at the operating pressure and te

(MPFMs)
anumber
basis and

nce 1995,
the main
1 and The

[SO to use

is document is intended to serve as guidance for users, désigners and manufacturers of multiphase

hase flow

asurement, with definition of terms and a descCription of multiphase flow in closed conduits being

[e.g. water
v rate can
r ratios of

is of great
ty for use
b describe

ed to help
 output is
rature).

e
hversigh.of these actual flow rates to flow rates at standard conditions requires kr?c:lsvledge of

Co
co[lposition and mass transfer between the liquid and the gas phases, which can require sampling.
The Clauses logically proceed from an introduction to multiphase flow measurement, vig selection

of technology, design considerations and performance specifications, to field installation and
commissioning, and finally the operation of MPFMs.

The definitions in Clause 3 have been extended and split into definitions relating to multiphase flows in
a closed conduit (see 3.1) and definitions relating to metrology that can be useful in characterizing the
performance of a multiphase flow meter.

Clause 5 provides a general introduction to multiphase flows. This clause includes extended descriptions
of flow regimes and slip effects in multiphase flows.

Clause 6 covers the aims of multiphase flow measurement, giving the reasoning for selection,
installation and operation of multiphase flow metering systems in various applications.
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Clause 7 presents guidelines for designing MPFM installations using the two-phase flow map and the
composition map.

Standardized performance specification of MPFMs is essential, both for comparison of measuring
ranges and measurement uncertainties, but also for more efficient selection of technology (Clause 8).

Clause 9 covers all aspects of testing, calibration and adjustment of MPFMs.

Clause 10 provides recommended procedures and practices for field installation and commissioning
of MPFMs. Although MPFMs cannot easily be sent to a test facility for recalibration, there is a need for
regular testing to verify the meter performance.

The purpgse of Clause 11 is to provide guidelines on how to verify meter performance in the fieldduring
operation| assuming no test separator is readily available.

Annex A Includes brief descriptions of the most commonly used measurement principles in MPFMs
currentlyjavailable on the market. Guidance on selection of technology and maintenancerequirements
is also prqvided. Annex B gives relevant information on hydrocarbon phase behaviour,

Aspects of safety are not dealt with in this document. It is the responsibility of the user to ensure that
the systerh meets applicable safety regulations.

viii © IS0 2020 - All rights reserved
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:2020(E)

Measurement of multiphase fluid flow

1

Scope

This document establishes a common basis for, and assistance in, the classification of applications
and multiphase meters, as well as guidance and recommendations for the implementation and use of

su

Th
flo
Co
is

'h meters.

e so-called in-line multiphase flow meters (MPFMs) that directly measure the oil)\watd

hventional two- or three-phase separators are not included in this document. Owuly limited
made to wet-gas meters, since although wet-gas flow is a subset of multiphase flov

mdasurement is covered by ISO/TR 11583 and ISO/TR 12748.

Th

Fo

Normative references

kre are no normative references in this document.

Terms and definitions

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

IS and IEC maintain terminological databases for uise in standardization at the following ad

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

IEC Electropedia: available at http://www.electropedia.org/

.1 Terms related to multiphase flow metering

3.11

ac

r'ual conditions

mdter in-situ process operating conditions of pressure and temperature, at which measured
ar¢ reported, without'eonversion to a standard or reference fluid state

3.1.2

co

mposition.map

graph withgas volume fraction (3.1.9) and water liquid ratio (3.1.42) along the x- and y-axis, re

No

3

fe 1 toentry: Both the GVF and WLR are at actual conditions (3.1.1).

r and gas

w rates, as well as the partial- and full-separation MPFMs are the main focusyof‘this document.

reference
vy, wet-gas

resses:

flow rates

spectively

3

dispersed flow
flow where a particular phase (3.1.23) is broken up into multiple small bubbles or droplets carried
within the body of another phase

Note 1 to entry: Examples of such flows are bubble flow and mist flow.

3.1.4
emulsion
colloidal mixture of two immiscible fluids, one being dispersed in the other in the form of fine droplets

Note 1 to entry: In multiphase fluids, discrimination should be made between oil-in-water emulsion and water-
in-oil (3.1.21) emulsion; they respond differently to permittivity measurements.

©lI
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3.1.5

flow regime
dynamic spatial and velocity distribution of flowing fluid phases (3.1.23) within a conduit

Note 1 to entry: This is also known as flow pattern.

Note 2 to entry: For example, in two-phase oil/water stratified flow in horizontal pipes free water occupies the
bottom of the conduit with oil (3.1.21) or oil/water mixture flowing above.

3.1.6
gas

hydrocarh

3.1.7
gas oil ra
GOR
ratio of gq

Note1toe
standard ¢

3.1.8

ons in the gaseous state at the prevailing temperature and pressure

Lio
s (3.1.6) volume flow rate (3.1.38) and oil (3.1.21) volume flow rate

ntry: Both volume flow rates should be converted to the same pressure and temperature [generally
nditions (3.1.35)]. GOR is expressed in volume per volume, Fj; g, e.g. scft/bbliorm3/ms3.

gas void fraction

ratio of th
sectional

Noteltoe

3.19

e cross-sectional area in a conduit occupied by the gas (3.16) phase (3.1.23) and the cro
hirea of the conduit

htry: This is also known as gas hold-up.

gas volume fraction

GVF
gas (3.1.6)

Note1toe

3.1.10

volume flow rate (3.1.38), relative to the multiphase volume flow rate, at actual conditions (3.1.1

htry: The GVF is normally expressed asalfraction or percentage.

homogeneous multiphase flow

multiphag
conduit

Note 1 to {

e flow in which all phases-(3:1.23) are evenly distributed over the cross section of a clos

ntry: A homogeneous multiphase flow is, therefore, one in which the composition is the same at

points in the cross section and'where the liquid and gas (3.1.6) velocities are the same (no-slip). Note that bub

multiphasd

3.1.11

flow regimes (3c1\5) are probably the best approximation to homogeneous multiphase flow.

intermittent flow

flow char
(3.1.23) h

hcterized by being non-continuous in the axial direction, that is, exhibiting unsteady ph
bld“up'locally

y at

ed

all
bly

[1se

Note 1 to entry: Examples of such flows are plug, churn and slug flow (see Figures 1 and 2): the flow regimes

(3.1.5) are

3.1.12

all hydrodynamic (see 5.1) two-phase gas-liquid flow regimes.

liquid hold-up
ratio of the cross-sectional area in a conduit occupied by the liquid phase (3.1.23) and the cross-sectional
area of the conduit

© IS0 2020 - All rights reserved
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3.1.13

liq

uid volume fraction

LVF
liquid volume flow rate (3.1.38), relative to the multiphase volume flow rate, at actual conditions (3.1.1)

Note 1 to entry: The LVF is normally expressed as a fraction or percentage.

ved alone

3.1.14
Lockhart-Martinelli parameter
X
squareroot of the ratio of the ]inlnid inertia to the gas (Q ] F\) inertiaifthe phncoc (? 1 ')'2) flo
at gictual conditions (3.1.1), that is

X_qV,liquid pliquid _1_FGVF pliquid

qV,gas P gas F GVF P gas

wlhere

No
dif]
Lo
is

deflinitions are described in detail with histerical context in References [30] and [13].

No
(3.

No

qyjiquia is the volume flow rate of the liquid;
Qygas is the volume flow rate of the gas;
Pliquia 1S the density of the liquid;

Pgas  Is the density of the gas;
Foyp  isthe GVFE.

fe 1 to entry: The Lockhart-Martinelli parameter, has a long and complicated history. There {
ferent definitions for this parameter, and theytare not equivalent. This includes the original dd

khart-Martinelli which is different from the definition stated above. The definition supplied in this
now commonly used. Nevertheless, this isstie continues to cause confusion in the industry. Th

fe 2 to entry: In the second formula above, the relationship of the Lockhart-Martinelli number a
[ .9) is a function of the density ratio.

Le 3 to entry: An increasing value of X means an increasing liquid content or wetness of the flow.

3.1
m4

mdss of fluid flowing’through the cross section of a conduit in unit time

3.1.16

me¢asuring.envelope
ar¢as in-the two-phase flow map (3.1.37) and the composition map (3.1.2) in which the MPF
perfofms according to its specifications

15
ss flow rate

ire several
finition by
document
e different

nd the GVF

M (3.1.18)

3.1.17
multiphase flow
flow consisting of two or more phases (3.1.23) flowing simultaneously in a closed conduit

Note 1 to entry: This document deals in particular with multiphase flows of oil (3.1.21), water and gas (3.1.6) in
the entire region of 0 % - 100 % of the GVF (3.1.9) and 0 % - 100 % of the WLR (3.1.42).

©lI
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3.1.18

multiphase flow meter

MPFM

device for measuring the individual oil (3.1.21), water and gas (3.1.6) flow rates in a multiphase flow
(3.1.17)

Note 1 to entry: The total package of measurement devices for composition and velocity, including possible
conditioning unit, should be considered as an integral part of the meter.

3.1.19
multiphase mixture velocity
ratio of the multiphase volume flow rate (3.1.20) and the cross-sectional area of the conduit

Note 1 to eptry: This is a fictitious velocity: only in homogeneous multiphase flow (3.1.10) does this velaGity have a
meaningfull value. Multiphase mixture velocity is the sum of gas (3.1.6) superficial velocity and liquid. superfigial
velocity.

3.1.20
total volume flow rate

multiphase volume flow rate

total volume flowing through the cross-sectional area of a conduit per unit time

3.1.21
oil

hydrocarhons in the liquid state at the prevailing temperature andpressure conditions
3.1.22

oil-continuous flow
flow in which water is distributed as droplets surroundediby oil (3.1.21)

Note 1 to eptry: Electrically, the mixture acts as an insulatén

3.1.23
phase
one constjtuent in a mixture of several

Note 1 to eptry: In particular, the term refers to oil (3.1.21), gas (3.1.6) or water in a mixture of any number of the
three. It is fecognized that the terminology of the multiphase industry is different from that in much of sciencg.

3.1.24
phase ar¢a fraction
cross-sectlional area locally.0ccupied by one of the phases (3.1.23) of a multiphase flow (3.1.17), relatjve
to the crogs-sectional area of the conduit at the same local position

3.1.25
phase flow rate
amount of one phase (3.1.23) of a multiphase flow (3.1.17) flowing through the cross section of a conduit
in unit tinpe

Note 1 to entry: The phase flow rate may be specified as phase volume flow rate (3.1.38) or as phase mass flow
rate (3.1.15).

3.1.26

phase volume fraction

phase (3.1.23) volume flow rate (3.1.38) of one of the phases of a multiphase flow (3.1.17), relative to the
multiphase volume flow rate (3.1.20), at actual conditions (3.1.1)

3.1.27

production envelope

areas in the two-phase flow map (3.1.37) and the composition map (3.1.2) that are determined by a
number of well trajectories or specified as possible flow rates and compositions that occur in a certain
application

4 © IS0 2020 - All rights reserved
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3.1.28

proving
set of operations that establish, under specified conditions, the relationship between the values of
quantities indicated by a device and the corresponding values as determined by a traceable reference
device (proving system)

3.1.29

reconciliation
process whereby pieces of information that include some redundancy are matched together to satisfy
constraint formulae

water and
d to match

ps (3.1.38)

btween the

Note 1 to entry: In oil (3.1.21) and gas (3.1.6) production, reconciliation is the process in which. @il
gag (3.1.6) production figures that have not been measured with high accuracy (3.2.1) are recalculate
prqduction figures that have been measured with high accuracy (e.g. custody transfer measurenients).
3.1.30

reference conditions

conditions, in terms of pressure and temperature, at which fluid properties pr volume flow rat
ar¢ expressed

3.1.31

salinity

anjount of dissolved salts that are present in water

Nofe 1 to entry: Salinity is normally expressed in units g/kg.

Note 2 to entry: Sodium and chloride are the predominant ions jn seawater, and the concentrations of magnesium,
calfium, and sulfate ions are also substantial.

3.1.32

slip

flow condition that exists when the phases (3:1.23) have different average velocities

Nofe 1 to entry: The slip may be quantitatively expressed by the average phase velocity difference b
phases. See 5.3.

3.1.33

slip ratio

rafio between two phase-average velocities

No

3.1
sli

ph
No

3.1

fe 1 to entry: See 5.3¢

.34
p velocity
1se (3.1.23)welocity difference between two phases

Fe 1 torentry: See 5.3.

.35

standard conditions
conditions, in terms of pressure and temperature, at which fluid properties or volume flow rates (3.1.38)
are expressed

EXAMPLE 101,325 kPa and 15 °C.

3.1.36
superficial phase velocity
quotient of the phase (3.1.23) volume flow rate (3.1.38) and the pipe cross-sectional area

©lI
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3.1.37
two-phase flow map
graph with superficial velocities of gas (3.1.6) and liquid along the x- and y-axes, respectively

Note 1 to entry: An example is the Mandhane flow map (see Reference [37]) for horizontal multiphase flow
(3.1.17).

Note 2 to entry: Alternatively, the actual gas (3.1.6) and actual liquid volume flow rates (3.1.38) can be used.

3.1.38
volume flow rate
volume offfluid flowing through the cross section of a conduit in unit time

3.1.39
water-continuous flow
flow in which oil (3.1.21) is distributed as droplets surrounded by water

Note 1 to eptry: Electrically, the mixture acts as a conductor.

3.1.40
water cut
wC
water voltime flow rate (3.1.38), relative to the total liquid volume flow rate [oil (3.1.21) and watg¢r],
both converted to volumes at standard pressure and temperature

Note 1 to eptry: The WC is normally expressed as a percentage.

3.1.41
water fraction meter
WFM
device for] measuring the phase (3.1.23) area fractionzof water of a multiphase flow (3.1.17) through a
cross sectfion of a conduit

Note 1 to eptry: The phase area fraction (3.1.24) is‘expressed as a percentage of the total pipe area.

3.1.42
water liqpid ratio
WLR
water volyme flow rate (3.1.38), n€lative to the total liquid volume flow rate [oil (3.1.21) and water]} at
actual conditions (3.1.1)

3.1.43
water volume fraction
WVF
water volyme flowaate (3.1.38), relative to the multiphase volume flow rate, at actual conditions (3.1

=
—

Note 1 to eptry: The WVF is normally expressed as a fraction or percentage.

Note 2 to dntey: A small absolute error (3.2.4) in the value of the WVF may be a large relative error, e.g. where
the measured and reference values of the WVF are 1 % and 0,5 % respectively, the absolute error is only 0,5 %,
but the relative error is 100 %; in this example the measured water volume flow rate is twice the reference value
although the absolute error is only 0,5 %.

Note 4 to entry: where
Fyyr is the WVF;
Fiyp is the LVF;

Fyr is the WLR.
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3.1.44
well trajectory
production profile of a well over time in a two-phase flow map (3.1.37) and composition map (3.1.2)

3.1.45
wet gas
gas (3.1.6) containing free liquids

Note 1 to entry: Generally wet gases are defined as gas/liquid systems with a Lockhart-Martinelli parameter
(3.1.14) lower than approximately 0,3.

No
(bu
me

3.7

3.2
ac
clo
(3.

No

value. A measurement is said to be more accurate when it offers a smaller measurement error (3.2.4).

[S(

3.3
ad
sef
col

No
off

No
prd

No
[SC

3.2
ca
op
va
ind
est

fe 2 to entry: Hydrocarbon gas that contains heavy components that condense during further
t at a particular pressure and temperature, behaving as a pure gas) is not considered to be afwet
Asurement point of view.

. Terms related to metrology

a

furacy

seness of agreement between a measured quantity value and a trué guantity value of a 7
2.6)

fe 1 to entry: The concept ‘measurement accuracy’ is not a quantity’and is not given a numeric

URCE: JCGM-VIM:2012, 2.13]

2

ustment

of operations carried out on a measuringisystem so that it provides prescribed i
responding to given values of a quantity to-bé measured

bet adjustment, and span adjustment (semetimes called gain adjustment).

fe 2 to entry: Adjustment of a measuring system should not be confused with calibration,
requisite for adjustment.

Le 3 to entry: After an adjustment of a measuring system, the measuring system must usually be re
URCE: JCGM-VIM:20%12, 3.11]

3

ibration

bration that under specified conditions, in a first step, establishes a relation between th
ues withvmeasurement uncertainties provided by measurement standards and corr
ications with associated measurement uncertainties and, in a second step, uses this infoy
ablish a relation for obtaining a measurement result (3.2.11) from an indication

processing
gas from a

neasurand

hl quantity

hdications

fe 1 to entry: Types of adjustment of a nfeasuring system include zero adjustment of a measuring system,

which is a

calibrated.

b quantity
bsponding
mation to

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with an associated measurement uncertainty (3.2.13).

Note 2 to entry: Calibration should not be confused with adjustment (3.2.2) of a measuring system, often
mistakenly called “self-calibration”, nor with verification of calibration.

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

[SOURCE: JCGM-VIM:2012, 2.39]

©lI
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3.2.4
error
measured

[SOURCE:
3.2.5

1354:2020(E)

quantity value minus a reference quantity value

JCGM-VIM:2012, 2.16]

limiting condition
extreme operating condition that a measuring instrument or measuring system is required to withstand
without damage, and without degradation of specified metrological properties, when it is subsequently

operated

[SOURCE:
condition

3.2.6
measural
quantity i

[SOURCE:

3.2.7
measurirn

set of valfies of quantities of the same kind that can be measured by a given measuring instrum

or measu

condition$

[SOURCE:

3.2.8
rated ope
operating
measurin

Note 1 to ¢
and for any

Note 2 to €
thatis acty

[SOURCE:
-VIM:201:

3.29
repeatab

measurenient precision under a set of repeatability conditions of measurement

Note 1 to
conditions

mderits rated npornf'ing caonditions ('2 2 .Q)
JCGM-VIM:2012, 4.10, modified — the term has been modified from ‘limiting operat

to "limiting condition".]

nd
htended to be measured

JCGM-VIM:2012, 2.3]

g range

fing system with specified instrumental measurement uncertainty (3.2.13), under defir

JCGM-VIM: 2012, 4.7]

rating condition
condition whose fulfilment during measurement enables the measuring instrument
b system to perform as designed

ntry: Rated operating conditions generally specify intervals of values for a quantity being measu
influence quantity.

ntry: An influence quantityis'a quantity that, in a direct measurement, does not affect the quant
ally measured but affectstheTelation between the indication and the measurement result (3.2.11).

, 2.52 and, thus,Note 2 to entry has been added.]

lity

enfry:' A repeatability condition of measurement is a condition of measurement, out of a set

JCGM-VIM:2012, 49, modified — the term and the definition have been combined with JC

ng

ent
ed

or

red

ity

of

that includes the same measurement procedure, same operators, same measuring system, same

operating conditions and same location, and replicate measurements on the same or similar objects over a short
period of time.

Note 2 to entry: A condition of measurement is a repeatability condition only with respect to a specified set of
repeatability conditions.

[SOURCE:

JCGM-VIM:2012, 2.21 — Notes 1 and 2 to entry have been added.]
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3.2.10
reproducibility
measurement precision under reproducibility conditions of measurement

:2020(E)

Note 1 to entry: A reproducibility condition of measurement is a condition of measurement, out of a set of
conditions that includes different locations, operators, measuring systems, and replicate measurements on the
same or similar objects.

Note 2 to entry: The different measuring systems may use different measurement procedures.

Note 3 to entry: A specification should give the conditions changed and unchanged, to the extent practical.

N
[S(

3.2
me
sef
inf]

(0]

No
me

[S(

3.2
sy

component of measurement error (3.2.4) that in replicate measurements remains constant o

a predictable manner

[SOURCE: JCGM-VIM:2012, 2.17]

3.2.13

uncertainty

noh-negative parameter characterizing the dispersion of the quantity values being attrilj

me

No

commponents associated with _corrections and the assigned quantity values of measurement standa
the definitional uncertainty. Sometimes estimated systematic effects are not corrected for buit, instead,

as
asy

No
un

No
evd

Le 4 to entry: Relevant statistical terms are given in ISO 5725-1:1994 and ISO 5725-2:1994.
URCE: JCGM-VIM:2012, 2.25, modified — Notes 1, 2 and 3 to entry have been added.]

A1
tasurement result

ormation

fe 1 to entry: A measurement result is generally expressed as a single measured quantity v
Asurement uncertainty (3.2.13).

URCE: JCGM-VIM:2012, 2.9]

A2
stematic error

asurand (3.2.6), based on the information used

e 1 to entry: Measuremefit)uncertainty includes components arising from systematic effect

ociated measurementuncertainty components are incorporated.

fe 2 to entry; The parameter may be, for example, a standard deviation called standard m¢
certainty (or.aépecified multiple of it), or the half-width of an interval, having a stated coverage pr

fe 3 to_éntry: Measurement uncertainty comprises, in general, many components. Some of thd
luated-by Type A evaluation of measurement uncertainty from the statistical distribution of tH

va

whlich-may be evaluated by Type B evaluation of measurement uncertainty, can also be characterized h

es from series of measurements and can be characterized by standard deviations. The other ¢

of quantity values being attributed to a measurand (3.2.6) together with@ny other available relevant

hlue and a

I varies in

uted to a

s, such as
ds, as well

asurement
bability.

se may be
e quantity
mponents,

y standard

deviations, evaluated from probability density functions based on experience or other information.

Note 4 to entry: In general, for a given set of information, it is understood that the measurement uncertainty is
associated with a stated quantity value attributed to the measurand (3.2.6). A modification of this value results
in a modification of the associated uncertainty.

[SOURCE: JCGM-VIM:2012, 2.26]
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4 Symbols and subscripts

4.1 Symbols

For the purposes of this document, the symbols given in Table 1 apply.

Table 1 — Symbols

Symbol Quantity Dimension SI unit
A area {f‘n denote the cross-sectional areaofthe pipe the cnl—\cm-epf L2 m2
‘pipe’ may be used)
C capacitance M-1L-2T4]2 F/m
D internal pipe diameter L m
F reconciliation factor — —
Fovr gas volume fraction — —
Fiyp liquid volume fraction 5 —
Fywir | |water liquid ratio — —
Fywvr water volume fraction — —
g acceleration due to gravity LT-2 m/s?
Ip current (electric) | A
q. count rate — —
av volumetric flow rate L3T1 m3/s
R resistance ML2T-3]-2 Q
t time T S
U percentage uncertainty — —
|4 volume L3 m3
v velocity LT1 m/s
Vi multiphase mixture velocity (v, =Vggas + Vs liquid) LT1 m/s
Vg superficial velocity LT-1 m/s
X Lockhart-Martinelli parameter — —
£ relative permittivity (or dielectric constant) — —
Agas gas void fraction — —
Aliquia | |liquid hold-up — —
p density ML-3 kg/m3
o conductivity M-1L-3T3]2 S/m
NOTE The phase to which density or other quantity relates is shown by the subscript ‘gas’ or ‘liquid’.
4.2 Colowr's and symbols used in schematic drawings

gas Ratio Rate

wet gas

water —:
water/oil mixture ‘ @] @

oil

O EE @

1

=]

dual-phase meter

single-phase meter
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e flow structures are classified in flow regimes, whose precise characteristics depend on a

General

Itiphase flow is a complex phenomenon which is difficult to understand, predict and-model
gle-phase characteristics such as velocity profile, turbulence and boundary layer are
ficient for describing the nature of such flows.

rameters. The distribution of the fluid phases in space and time differs for the various flo
] is usually not under the control of the designer or operator.

w regimes vary depending on operating conditions, fluid properties, flow rates and the o
1 geometry of the pipe through which the fluids flow. The transition between different flo
y be a gradual process. The determination of flow regimés'in pipes in operation is not easy
[luctuations of local pressure and/or density by means.ef, for example, gamma-ray densito
en used in experiments and is described in the literature. In the laboratory, the flow regin
died by direct visual observation using a length oftransparent piping. Descriptions of flo
, therefore, to some degree arbitrary, and they depend to a large extent on the observer a1
erpretation.

e main mechanisms involved in forming-the different flow regimes are transient effects, §
rain effects, hydrodynamic effects and eombinations of these effects.

Transients occur as a result of changes in system boundary conditions. This is not to be
with the local unsteadiness associated with intermittent flow. Opening and closing of
examples of operations thaticause transient conditions.

Geometry and terrain‘effects occur as a result of changes in pipeline geometry or incling
effects can be particularly importantin and downstream of sea-lines, and some flow regimes

In the absence’of transient and geometry/terrain effects, the steady-state flow regime
determined by flow rates, fluid properties, pipe diameter and inclination. Such flow re
seen inlong straight pipes and are referred to as “hydrodynamic” flow regimes.

floW regimes, however, can be grouped into dispersed flow, segregated-phase flow or inf
W;Or a combination of these.

. Common
thus not

humber of
v regimes

rientation
v regimes
. Analysis
metry has
he may be
v regimes
nd his/her

reometry/

confused
ralves are

tion. Such
generated

in this way can prevail for several kilometres. Severe riser slugging is an example of this effect.

s entirely
gimes are

ermittent

©lI

Dispersed flow, is characterized by liquid droplets throughout a continuous gas phase or gas

bubbles throughout a continuous liquid phase. Examples of such flows are mist flow a
flow (Figure 2).

nd bubble

Segregated-phase flow, is characterized by a non-continuous phase distribution in the radial

direction and a continuous phase distribution in the axial direction. Examples of such
stratified and annular (Figure 2).

flows are

Intermittent flow, is characterized by being non-continuous in the radial and axial directions, and

therefore exhibits locally unsteady behaviour. Examples of such flows are churn and
(Figure 1).
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5.2 Multiphase flow regime maps

5.2.1 General

Figures 1 and 2 are general illustrations of the flow regimes and indicate where the various flow
regimes occur. Physical parameters like density of gas and liquid, viscosity and surface tension affect
the flow regimes and are not included in this graph. A very important factor is the diameter of the flow
line: if the liquid and gas flow rates are kept constant and the flow line size is decreased from 4 in (100
mm) to 3 in (75 mm), both the superficial phase velocities (gas and liquid) increase by a factor 16/9.
Hence, in the two-phase flow map the operational flow point moves up and right along the diagonal to

a new podition. This could cause a change in flow regime, e.g. changing from stratified to slug flow
changing from slug flow to annular flow. Multiphase flow regimes do not have sharp boundaries’l
instead cjange smoothly from one regime to another.

The flow pattern maps shown in Figures 1 and 2 are not accurate tools for flow patterfy predicti
Figures 1 pnd 2 provide an illustration of the general trends only.

Most oil wells have multiphase flow in part of their pipework. Although pressure“at the bottom of
well may pxceed the bubble point of the oil, the gradual loss of pressure as oikflows from the bott
of the well to the surface leads to an increasing amount of gas escaping from-the oil. The diagram
Figure 1 is a qualitative illustration of how flow regime transitions are dependent on superficial
and liquid| velocities in vertical multiphase flow.

The paramneter superficial velocity is often used on the axes of flow regime maps. For example,
superficigl gas velocity (v ,,) is the gas velocity as if the gas was flowing in the pipe without liqui
in other words the total gas throughput (g, 4, at operating témperature and pressure) divided by
total crosp-sectional area of the pipe (A4). For the superficiabliquid velocity, the same can be deriv|
and the simple expressions are given in Formula (1):

L qv,gas . _qv,liquid
Vs,gas T A 'Vs,liquid_ A
The sum |of v, ,,s and vy iq,iq is the multiphase mixture velocity, and the expression is given
Formula (P):
V. =V

m 5,gas +Vs,liquid
However, the latter is a derived Velocity and only has a meaningful value in homogeneous multiphase f1

5.2.2 Vertical flows

The trangitions in-Figure 1 are functions of factors such as pipe diameter, interfacial tension 3
density of|the phases. Figure 1 is a qualitative illustration of how flow regime transitions are depend

or
but

bas

he
ds,
he
ed,

(1)

(2)

PW.

nd
bnt

on superfjcial §as and liquid velocities in vertical multiphase flow. A map like this is only valid for a

specific p1pe and pressure and a specific multiphase fluid.

In vertical upward flows, the superficial gas velocity increases and the multiphase flow can change

between regimes. Note that for some superficial gas velocities, the multiphase flow is annular for
superficial liquid velocities.

all
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TE Superficial velocities @h&;ed along the axis.

Oﬁgure 1 — Generic two-phase vertical flow map

) \
3 Horlzon@.ﬂows

horizonta ws too, the transitions are functions of factors such as pipe diameter,
sion a nsity of the phases. Figure 2 is a qualitative illustration of how flow regime t

id for a specific pipe and pressure and a specific multiphase fluid.
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e de ent on superficial gas and liquid velocities in horizontal multiphase flow. A map
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100

Key s\

X superficial gas velocity (m/s)
Y  supertficial liquid velocity (m/s) $
1  annulgr

2 bubblg
3  slug \O
4  plug \\

5 wave O

6

7

mist O®

stratiffed c)

NOTE Superficial Velocitie%QQﬁsed along the axis.
2)
<2;ﬁure 2 — Generic two-phase horizontal flow map

v
5.3 Slig effe@;éQ
)

When gas iquid flow simultaneously in a pipe, the cross-sectional area covered by liquid generdlly
is greater than it would be i the liquid and gas were moving at the same velocity, particularly in
horizontal and upwardly inclined flows; this is due to bulk slippage between liquid and gas. The lighter
gas phase normally moves faster than the liquid phase; the liquid has the tendency to accumulate in
horizontal and inclined pipe segments. The liquid and gas fractions of the pipe cross-sectional area
(A) as measured under two-phase flow conditions are known as liquid hold-up (4;;4,iq) and gas void

fraction (/\gas): see Formulae (3) to (6).

A, .
liquid
)‘liquid = (3)

Apipe
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Agas = o Q)
Apipe
Miquid +Agas =1 (5)
Similarly
Fyp +Fgvp =1 6)

In the majority of flow regimes, the liquid hold-up is larger than the liquid volume fractiomand the gas
vold fraction is smaller than the gas volume fraction (see Figure 3). These differences-are dlue to slip
anfl are particularly significant in horizontal and upwardly inclined flows. Liquid hold up-is e%ual to the
lighid volume fraction (and gas void fraction equal to the gas volume fraction) only under conditions of
nolslip, when the flow is homogeneous and the two phases travel at equal velocities:

Fri)m the liquid hold-up and the actual phase velocities the superficial gas@and’liquid velocitiies can be

calculated according to Formulae (7) to (9) (note that Vgas 2Vs,gas)'
Miquia 2 Frvr and Agag <Foyp (7)
q q A
__tvgas _7vgas gas y) (8)

v, = . =V
s,gas gas’gas
Apipe Agas Apipe

yliquid _ liquid iquid 9
Vs liquid = 2 : _Vliquid)‘liquid 9
Apipe liquid Apipe

Fevr = /lgas =50 %

Vigas

Viiquid

a) Neo-=slip conditions b) Slip conditions

Key
gas
liquid

Fi 3 — Diff i id fracti I I fracti

The slip ratio and slip velocity are also used in the field of multiphase flow fluid dynamics to quantify
the phase slip.

5.4 C(lassification of multiphase flows

Another way to classify multiphase flow, apart from the classification according to the flow pattern,
is by the GVF of the flow. This method of classification is relevant to multiphase metering; one would
expect that a meter measuring predominately liquid with just a few percent gas would be significantly
different from one designed to operate in what is generally understood as a wet-gas application. Four
classes are defined in Table 2.
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Table 2 — Classification of multiphase flows

Indicative
Class GVF range Comment
This low GVF range of multiphase flow can also be termed ‘gassy liquid’.
In the lower end of this range, traditional single-phase meters can in
Low GVF 0-25% many cases provide sufficient measurement performance. Increasing
measurement uncertainty, and also the risk of damage or malfunction,
should be expected as the GVF increases.
The moderate GVF can be considered as the ‘sweet spot’ of multiphase
Moder tC G‘V’F 25 r‘U 85 r‘U lllCtCl Y] i-C. t}lC I Clllsc VV}ICl < tllcy llclVC t}ltil Ul_}tilllulll lJCl fUl HII4a1ItT, dIl
where traditional single-phase meters are not a viable option.
Entering this high GVF range the uncertainty of multiphase meters
starts to increase, with a rapid increase towards the upper end of the
range, particularly for the liquid phases. This increase in ufrcértainty ig
High|GVF 85 %95 % not only linked to Complex. flow patterns but alsp occurs b(lacau.se the.llq-
uid measurement uncertainty increases as the liquid friaction, including
the component of highest value (in this case the oil}decreases. In sompe
cases, partial separation (see A.2.3.3) is used to move the GVF back intjo
the moderate GVF range.
This upper end of the multiphase range is.téxrmed the ‘wet-gas’ range. In
the lower end of the very high GVF range;the measurement performarjce
of in-line multiphase meters may stilkbe sufficient for well testing,
production optimization and flow-assurance. For allocation metering,
Very high GVF 95 04-100 % |in particular at the high end of this range, often gas is the main ‘value’
i component, and a wet-gas meter(see ISO/TR 11583 and ISO/TR 12748)
is the preferred option.
This corresponds to a Leckhart-Martinelli parameter (X) value in the
range from 0 to approximately 0,3.
6 Aims of multiphase flow measurement
6.1 General
Conventignal single-phase metering.systems require the constituents or “phases” of the well streamg to
be fully sgparated upstream of the peint of measurement. For production metering this requirement is
usually met automatically at the,outlet of a conventional process plant, since the main purpose of such
a plant is fo receive the sum@{well streams in one end and to deliver (stabilized) single phases regdy
for transport (and hence also-measurement) in the other end. Single-phase metering systems normdglly
provide hjgh-performarnce measurements of hydrocarbon production.
The need for multiphdse flow metering arises when it is necessary or desirable to meter well streanj(s)
upstream|of inlet'separation and/or commingling. Multiphase flow measurement technology may|be
an attractlive alternative since it enables measurement of unprocessed well streams very close to the
well. The pise-of MPFMs may lead to cost savings in the initial installation. However, owing to increaged
measurenretrt-tneet taiuty, acost-benefit clual_yoia shottdbe per formedover-thelife L_yL}C of the Pt Uj ct

to justify its application.

MPFMs can provide continuous monitoring of well performance and thereby better reservoir
exploitation/drainage. However, this technology is complex and has its limitations; therefore care
should be exercised when planning installations that include one or more MPFMs. One of the limitations
of multiphase measurement technology is the uncertainty of the measurement. The main source for
these higher measurement uncertainties of MPFMs in comparison with single-phase metering systems
is the fact that they measure unprocessed and far more complex flows than what is measured by single-
phase measurement systems.

A second limitation in a multiphase application is the possibility to extract representative samples.
Whereas samples of the different fluids are readily captured from, for example, the single-phase outlets
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of a test separator, no standard or simple method for multiphase fluid sampling is yet available. Since
most MPFMs on the market need some kind of a priori information about the properties being measured
(like densities, oil permittivity and/or water conductivity/salinity), this information should be made
available and be updated on a regular basis.

A number of different MPFMs are available on the market, employing a great diversity of measurement
principles and solutions (see Annex A and Clause 8). Outputs vary between MPFM designs, e.g. there
can be gas, oil, and water mass or volume flow rates, total hydrocarbon mass flow, GVF, WLR, WVF.
As there are different designs, calculation routines (slip models) and different outputs, it is not always
straightforward to compare MPFMs directly. Different MPFMs are optimized to give minimum
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certainty—to different outputs—OmeMPFMTmay be Uptiuliz.t:d to—sec—water-breakthr uusl
urance requirements) with a relatively poor flow rate prediction. Another may be~opt
edict total hydrocarbon flow to minimum uncertainty (for allocation requirements)with a
br water breakthrough indicator performance. Thus, some MPFMs performbetter
blications than others. Hence, a careful comparison and selection process is réquired to
optimal MPFM procurement and installation option for each specific applicatieh.

Kelecting the optimal multiphase flow metering technology for a specifi¢-application, it is
5t to investigate and describe the expected flow regime(s) from the“wells to be meas
fermine the production envelope (see Clause 7 for more information/about production e

elope making them suitable for the purpose of measuring the well streams in the specific aj
ploration/reservoir samples or well production forecasts can be used in these considerati
eful aid in selection of MPFMs is to use the two-phase flow~and composition maps descril
fument (see Clause 7).

e next step is to select an MPFM that is capable of ¢ontinuously measuring the representat
l volumes within the required uncertainties. The well stream flow rates vary over the
well, and it is important to ensure that the MPFM measures within the required uncertd

. This is an important issue to consider when deciding upon the sizing of the MPFM.

Feful selection of the type of MPFM;is not the only important factor. In addition, the i

ification during operation to ‘ensure confidence in the measurements over the well lifé
uses 9,10 and 11). If such periodic verification of the MPFM is not carried out, increased meg
certainty should be expected. Simple testing may be performed with a static measuren
ended testing may be carried out by comparing the MPFM flow rate and WLR/GVF meas
hinst a test separater(static or transportable) or by other means (e.g. tracer methods). The¢
th regular testing depends on the criticality of the application and operation.

fre are manj-possible applications for MPFMs. Owing to the higher measurement unc
s generally’not recommended to use a multiphase flow meter to replace a high accuy
asurenient; however, MPFMs are now being used in some cases of marginal field dev
ere the'cost of processing facilities and metering downstream of separation cannot be just
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me-general types of applications are briefly described in the next clauses:

individual-well surveillance or monitoring;
production optimization;

flow assurance;

well testing;

production allocation metering;

fiscal or custody transfer measurements.
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Since this document is intended to be a guide for users, or potential users, of MPFMs in the oil and gas
production industry, application areas in other industries are not included.

6.2 Individual-well surveillance or monitoring

6.2.1 General

Using continuous monitoring with an MPFM, the time resolution of the information is higher than using
random well testing with a test separator. Using an MPFM instead of a separator may therefore reduce
the total yncertainty in well data, even if instantaneous phase flow rates are measured with increased
uncertainty, while changes in performance between tests are not recorded by separators.

Access to fontinuous high-resolution data from an MPFM may be a valuable resource in various)decisjon
processes} for example in connection with well overhauls.

Installing|a new MPFM can save space, weight and cost compared with the installation“of a new test
separator] and it can reduce the time occupation of existing test separators.

Figure 4 ghows the use of MPFMs on the flow line of each of a group of wells replacing a test separafor
and its in§trumentation.

Key

1 gas

2 first stage separator
3 multiphase

4  production manifold
5 oil

6  water

7  oil wells

Figure 4 — MPFMs on the flow line of each well replacing test separator and its instrumentation
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Well instability is a well-known problem during decline of production, and in many cases it is not
acceptable that the well is connected to the production installation before some degree of control has
been achieved. It may be difficult to detect variations in flow rates from unstable wells (gas-lifted wells
for instance) using conventional separators, and in such situations MPFMs become a useful tool for the
production engineer.

MPFMs may be considered useful for — or even an integral part of — subsea installations. In cases
of subsea commingling and/or long flow lines (several kilometres), MPFMs may be used to monitor
flow rate from individual wells or flow lines. It should be noted, however, that retrieval of an MPFM
for maintenance or repair may be expensive, difficult or impossible. In situ calibration is normally not

av
stg
of

6.2

P
im
is

pr
of

—

ritabte—andothertessdirect—verificatiomr methods nTay be requi edtobedevisedRelt
bility of subsea meters are of paramount importance and need to be addressed by the mai
he MPFM, the subsea system integrator and the operator.
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 relatively high GVF applications (adding even more gas tothe system) and care should be
MPFM is capable of handling this high GVF operation. Altetrnatively, a wet-gas meter could

her similar optimization considerations can be madéer chemical injection, gas coning det
ter breakthrough detection.

.3 Flow assurance

w assurance includes all aspects that ar@relevant to guarantee the flow of oil and gas from
the sales or custody-transfer point.{lt often involves facility engineers, production tec
l operations staff, and they evaluate and study the hydraulic, chemical and thermal bel
Itiphase fluids. By more frequent’(or continuous) measurement with MPFMs, it may be i
ntify potential blockages intthe production system (e.g. hydrates, asphaltenes, wax, sa
en the trending here is niore important than providing numbers with absolute accurac)
rds, reproducibility, for{a)flow assurance type of application, is often more important tha
uracy.
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Well testing is widely carried out by use of a test separator. An MPFM may be applied as a replacement
for, or a supplement to, a test separator if:

it is decided not to install a test separator in the processing plant;

there is a need to increase the capacity for well testing, or

— the test separator is left to other use, e.g. as an ordinary production separator (low pressure).

NOTE A test separator can also be used for purposes other than well testing and hence can be installed in
any case.
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An MPFM may give a higher or lower uncertainty of the phase flow rates than a test separator system,
depending on the application considered. The response time of an MPFM, however, is significantly less
(minutes) than that of a separator (hours), and more well tests may be carried out using the MPFM.

6.3.2 Conventional well testing

Conventional well testing is usually performed by means of a test separator. The well streams are
measured by directing one well stream at a time through the test separator (see Figure 5). The well
stream being tested is then separated into three “phases”™ high vapour-pressure oil, gas and water,
which are then measured by means of single-phase instrumentation at the outlets of the separator.

Key

gas

test separator
multiphase

oil

water

first stage separator
test manifold

production manifold

O 0 N O U1 H W N -

oil wells

Figure 5 — First-stage production separator and test separator
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Today, a test separator can be designed with meters and instrumentation that are capable of measuring
the gas phase with an estimated uncertainty better than 5 %, potentially as low as 2 % and 1 % for the
water and oil phases, respectively, if effort is made to optimize the instrumentation and the separation
is ideal.

During a well test, certain parameters such as choke opening, wellhead flow pressure, and separator
pressure and temperature are recorded. Fluid samples are normally also captured at the test separator
during these tests. Each well may be tested at one or more settings of the well's choke. For each choke
setting, all the corresponding measurements are recorded.

Therecorded information is used until the next well test is performed to calculate the theoretical
contribution made by the well to the commingled output stream of the entire processing facility.
Fol wells where daily control is needed, for example to keep wells stable or to produce’atoptimum flow
rafles in order to utilize the full capacity of the production facilities, this conventipnal system may not
belsatisfactory.

6.3.3 Well testing by MPFMs

MRFMs may be installed and used in the same way as the test separator. If an MPFM is injstalled in
ad(lition to an existing test separator, this arrangement provides an‘inereased flexibility.

There are two options: either both the test separator and the MPFM are used for well testing tp increase
the overall testing capacity, or only the MPFM is used for well tésting and hence the test separator can
belused as a normal production separator and thereby the'total production capacity of the grocessing
fadility is increased (see Figure 6).

The main advantage of the MPFM over the test(séparator is the reduction in time to perform a
mgasurement. While the separator must be allowed to fill and stabilize when changing wel|s for test,
th¢ MPFM responds more quickly to changes imthe well fluids and needs less time to stabilizg.

© IS0 2020 - All rights reserved 21


https://standardsiso.com/api/?name=b43ce02f2721329df2a213f74c2d7b66

ISO/TS 21354:2020(E)

Key
test mpnifold 1
test separator

gas
multighase

oil

water
first stage separator
test manifold 2

O© 00 N O U1 B~ W N

production manifold
10 oil wells

Figure 6 — Multiphase metering used to increase overall testing capacity

The MPFM might also replace the test separator completely (see Figure 7). This may be a solution
for fields in the decline phase where the production from the well does not match the size of the test
separator any more.

22 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=b43ce02f2721329df2a213f74c2d7b66

ISO/TS 21354:2020(E)

By using the two-phase flow map and the composition map, described in Clause 7, it is possible to
evaluate whether there is a need for more than one MPFM to test all wells, i.e. whether several MPFMs
with different sizes and measurement ranges are required to cover all wells to be tested.
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Figure 7 — Multiphase metering replacing test separator and its meters
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For production allocation measurements, stronger requirements in terms of measurement uncertainty,
calibration of instruments and representative fluid sampling are usually imposed than those required
for well testing.

A possible marginal-field solution for an unmanned wellhead platform is to have MPFMs on each
individual well for well surveillance and to measure the main tie-in stream (into a manned installation)
using a multiphase meter that is frequently “proved” to provide K-factors by a test separator equipped
with measurement equipment to a fiscal standard. Long proving periods should be used to minimize
uncertainties due to, e.g. slugging, when accumulated oil, water and gas flow rates measured by the
MPFM are compared with the separator measurements, and in some cases proving should last for
days. In this application the measurement of each well stream by means of MPFMs is replacing the
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conventional well testing. Moreover, when the test separator is not used as a “prover” it can be used for
other purposes or to “prove” other tie-in streams.

Well testing and production metering from the wells in a satellite field can be done by means of MPFMs,
and this removes the need for a separate test line and manifold system for the satellite field. Assuming
that a dedicated inlet separator is still needed on the production platform, a typical multiphase
production metering concept can be as shown in Figure 8. An example of a guidance note for such an
application can be found in Reference [46].
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Figure 8 — Satellite field B with MPFMs for well testing and production metering
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6.5 Fiscal or custody transfer measurement

When well streams from different production licences are commingled into one single processing
facility or flow line, it is normally necessary to meter the production from each licence area separately
before it enters the common processing facility or flow line.

The metering of production from each licence area is used to allocate the total commingled production,
metered from the outlet of the common processing facility, back to each licence area. Consequently
national regulations or guidance notes for petroleum measurements govern this production metering.
Other optimization con51derat10ns can be made for chemical injection (e.g. methanol, demulsifier), gas-

hft optimization—sas—conins daetacticn-and aaatar heaslatb oo o h daotaction
p Zatto; 885 \,unuus rete ot waterBreartnroHgHaete ot

Fiscal or gustody transfer measurements are the basis for money transfer, either between compgny
and government or between two companies. Any systematic error in the measurement résults ip a
systematif error in the money flow. Hence, it is of paramount importance that sufficient verificatjon
processes| are included (see Clause 11). Note that the classification ‘fiscal or custody transfer’ does
not specifly any uncertainty requirement; it just describes the purpose of the meter)) The uncertaipty
requireménts should be further negotiated.

NOTE For fiscal MPFMs, the government authorities give regulations and guidelihes:

6.6 Summary of advantages and disadvantages of MPFMs

A multiphase flow measurement system for well testing and production metering has the mpin
capabiliti¢s and limitations shown in Table 3.

Table 3 — Main capabilities and limitations of MPFMs

Capabilities of MPFMs Limitations of MPFMs

Continuous metering is possible. MPFMs are relatively new instruments and
sometimes complex systems that require, lik¢
any advanced metering system, specific train|
ing to be operated according to specificationg.

Installatign and operating costs are low compared with those |MPFMs are sensitive to fluid property inputs
of a conveptional system.

The footprint is reduced. Verification is recommended. For allocation
metering systems periodic verification is nor
mally required.

Given the possibility of continuous metering, the total uncer-
tainty may be lower than in@¢onventional system.

Increased|safety of the installation as an MPFM is a flow-
through dgvice (no pressure or energy can be stored) and has
a much regluced numbber of leak paths.

7 Production envelope and installation design guidelines

7.1 General

This clause presents guidelines for designing MPFM installations. As an aid in designing MPFM
installations, the two-phase flow map and the composition map are introduced. In the two-phase flow
map, liquid flow rate (oil flow rate plus water flow rate) is plotted against gas flow rate, whereas in the
composition map GVF is plotted against WLR.

These two maps provide convenient ways of plotting the predicted well production over the field
lifetime, the production envelope, which is due to be measured in a specific application. The measuring
range of an MPFM, the measuring envelope, can then be plotted on the same maps, overlying the
production envelope. This method for design of MPFM installations is described in more detail in 7.2
and 7.3.
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7.2 Production envelope

7.2.1 Plotting the production envelope in the two-phase flow map

The two-phase flow regime maps, as presented in Clause 5, are very general ones and use the superficial
gas velocity along the x-axis and superficial liquid velocity along the y-axis. The superficial velocities
are dependent on the actual flow rate of either phase and the cross-sectional area of the pipe. A more
practical and convenient presentation is where the superficial velocities are converted to actual flow
rates, i.e. along the x- and y-axes the actual gas and liquid flow rates, respectively, in m3/d are now
plotted.

Fufther convenience can be achieved if logarithmic scales are used. Compared with linear’scales this
hap the advantage that the measuring envelopes of MPFMs of different sizes have equal'crosg-sectional
ar¢as in the two-phase flow map and that uncertainty bands (or deviations in test prtogrammes) in the
loy flow rates are equal in size throughout the two-phase flow map.

Fol' most applications it is often sufficient to cover three decades along each'axis (see Figuile 9 for an
example). The actual boundaries between flow regimes are not as sharp‘as is indicated in| Figure 9.
Apprt from the pipe diameter used, these boundaries also depend on density, viscosity, surfa¢e tension,
preéssure and geometry.

FGVF = 9,1 % FGVF = 50% FGVF = 90,9 %
10 000 7

FGVF = 99 %

1000 4

No

FGVF = 99,9 %

N\~

100
3
N
\
10
100 1000 10 000 100 000
X

Key
X | ,gasflow rate (m3/d) at actual conditions
Y Liquid-flowrate-fmi/d)
1  uncertainty in prediction
2 wet-gas area
3  approximate boundaries between flow regimes

Figure 9 — Two-phase flow map that can be used to plot the trajectory of wells
(production envelope) and the measurement envelope of an MPFM

Gas and liquid flow rates of wells can be plotted on this flow map, and over time the wells follow a certain
trajectory, i.e. both the liquid and gas flow rates change over time. One or more of these trajectories can
be defined as the production envelope of an oil field. Often this production envelope is also indicated
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as an area between minimum and maximum liquid and gas flow rates. These minimum and maximum
flow rates are indicators of the time history of the well production where, for example, new oil wells
are characterized by lower gas flow rates and higher liquid flow rates probably with a lower WLR. Note
that the unit used is actual m3/d, i.e. the volumetric flow rate at the pressure and temperature at which
the meter operates.

As these trajectories are often based on very preliminary information from reservoir engineers, there
is uncertainty attached to these trajectories and it is recommended that these uncertainty ranges are
also shown in the two-phase flow maps. Either this uncertainty can be plotted as an area or uncertainty
crosses can be used for each point. As explained in 7.3, multiphase flow meters have measuring
envelope Tt i i i ve
reasonably good overlaps. This is the first step in the selection of a suitable multiphase metex\fo
particulay application.

7.2.2 Plotting the production envelope in the composition map

An additignal useful tool in the selection process of MPFMs is the composition map,iwith WLR (in %
or fractioI) on the x-axis and GVF (in % or fraction) on the y-axis. Note that the top-line (Fyr = 100 %)
representp the gas phase, the left bottom corner (Fgyr = 0 %, Fyy g = 0 %) and-the right bottom corper
(Fovr = 0 Po, Fyyr = 100 %) represent the oil and water phase, respectively(H riecessary, the scale ¢an
be adjustdd to increase visibility in a certain region, e.g. GVF axis from 80 % to 100 % for a high GVF
application.

As WLR gnd GVF generally increase over time a well trajectorydn“the composition map can also|be
plotted, similar to the well trajectory in the two-phase flow map.\One or more of these well trajectorjies
will represent the production envelope in the composition map:

MPFMs cdn also have their measuring envelope plotted*in "the composition map (more in 7.3.2) gnd
obviously|the two envelopes should overlap. An example‘of a well trajectory in the composition mayp is

given in Flgure 10.
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NO[TE The largest uncertainties in liquid and oil flow rate occur at the high GVF applications. |Here often
(pdrtial) separation results in improved performance.
Figure 10 — Well trajectory in the composition map

In this example,alarge increase in GVF (from 75 % to 95 %) is noticed which is due to the infroduction
of gas lift during Tater field life. Again, the uncertainty in the reservoir engineering data shoyld also be
talten into_dccount and, if possible, also plotted in the composition map. This can be done either as an
unfertainty-area or with uncertainty crosses per year.
7.3 “MPFM measuring envelope

7.3.1 Plotting the MPFM measuring envelope in the two-phase flow map

In general, MPFMs have measuring envelopes that are specified by the vendor. However, in some cases,
the vendors also provide measuring envelopes that best suit the end user’s requirements. Often the
minimum and maximum gas and liquid flow rates are given, and uncertainties in liquid flow rate,
gas flow rate and WLR are specified as a function of GVF. Like the production envelopes, the MPFM
measuring envelopes can be plotted on the two-phase flow map, and, if various uncertainties are
quoted, it is possible to plot various measuring envelopes, one for each set of uncertainty statements.
In Figure 11 an example is presented where the 5 % and 10 % uncertainty measuring envelopes are
plotted. This allows the user to assess what the consequences in the measurement uncertainty are over
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the field lifetime, and whether different measurement ranges should be used over the field lifetime
(with different measurement uncertainties).

GVF =10 % 25 % 50 % 5% 90 %

10 000
95 %
Y
QQ o
1000 P75
100 99.9 %
10
100 1000 10000 100 000
X
Key
X  gas flqw rate (m3/d) at actual conditions
Y  liquid|flow rate (m3/d)
1  uncerfainty: 5 % liquid (total oil and water), 10:% gas
2 uncerfainty: 10 % liquid (total oil and water),*10 % gas
3 uncerfainty in production stream profile

Figure¢ 11 — Example of an MBFM measuring envelope plotted together with a production

stream profile in the two-phase flow map

The diagopal lines in thi§ two-phase flow map are lines of constant GVF. Generally, oil fields operate in a
GVF region between 40% (high pressure operations) and 90 % - 95 % (low pressure and/or gas-lifted

operationg). Gas field
wet-gas re¢gion,

7.3.2 Plotting the MPFM measuring envelope in the composition map

operations are generally situated on the bottom right side of the flow map, i.e. the

In asimilar manner to plotting the measuring envelope in the two-phase flow map, a measuring envelope
in the composition map may be plotted as well (an example is given in Figure 12). Generally, MPFMs
cover the entire range of 0 % - 100 % of WLR and 0 % - 100 % of GVF, but the uncertainty specifications
are often given as a function of the WLR and GVF. In particular, at high GVF the uncertainties in the
liquid flow rates will deteriorate.

30
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NOTE The uncertainties shown in this step-wise manner are a guide, and a more detailed and cpmplicated
statement of uncertainty can be given.

Figure 12.~=Example of an MPFM measuring envelope plotted together with the production
envelope in the two-phase composition map

7 4 Qsinethe fl turi .

When running test programs to verify the performance of MPFMs, the above-mentioned two-phase
flow map and the composition map also prove to be convenient. Both the reference measurements and
the MPFM measurements can be plotted on the two-phase flow map (see Figure 13 for an example)
and the composition map (see Figure 14), and by connecting these two points with a single line the test
point is represented.

In Figure 13 the directions of the lines indicate whether deviations from the reference are in the liquid
flow rates (mostly vertical lines) or whether they are in the gas flow rates (mostly horizontal lines). The
length of the line indicates the magnitude of the deviation (again a logarithmic flow map gives the same
length for a certain relative deviation in the entire map). Since the reference measurements are key in
quantifying the performance of the MPFMs, the data must be traceable.
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Figure 13 — Test results for an MPFM plotted in the two-phase flow map
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Figure 14 — Test results for an MPFM plotted in the composition map

7.5 ~Cumulative performance plot

With sufficient test points in an evaluation program, it is possible to make cumulative performance
plots. These plots can be conveniently used to compare the performance of various MPFMs.

An example is given in Figure 15, where the x-axis represents the deviation between reference and
MPFM measurement and the y-axis indicates the percentage of test points that fulfil a certain deviation
criterion: approximately 70 % of all test points show deviations of 10 % or less in liquid flow rate,
approximately 80 % of the test points show deviations of 10 % (absolute) or less in WLR and only 10 %
of all test points show a deviation of less than 10 % in gas flow rate.

The test points to be used in the cumulative plots are obviously only test points that fall within the
measuring envelope of the MPFM. If the measuring envelope is specified with various GVF ranges, it is
recommended to construct cumulative deviation plots for each GVF range, e.g. one plot for GVF between
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0 % and 30 %, one for GVF between 30 % and 90 %, one for GVF between 90 % and 96 % and one for

GVF above 96 %.

Cumulative plots for MPFM performance deviations can also be made in the same manner for deviations

in oil flow rate and

water flow rate. These flow rates and the gas flow rate are the main quantities

of interest to the end users of the measurement data. Net oil and water flow rate performance test
deviation data may show a larger proportion of higher deviations from reference than for bulk liquid.
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7.6 Other considerations

cumulative (% of test points)

Figure 15 — Example of a cumulative performance plot

A number| of other considerations should also be included when designing an MPFM installation; see

Table 4.

Table 4 +— Check:list-for some other important considerations to keep in mind when designing

MPFM installations
Subjject What to consider
H]gh or lOJM Notice that npprnfinn of an MPEM in very high orlow ambient temperatures may rpr}ni e
ambient extra shielding of the pressure lines and temperature transmitters, and sometimes the
temperatures? whole meter needs to be insulated and/or heat-traced.

H,S / chemicals

Are the instruments resistant to H,S and chemicals used for hydrate prevention and
scale inhibition?

Are the concentration and physical properties of chemicals such that measurement of
phase fractions is affected?

Instantaneous
vs. average flow
rates

Depending on the flow conditions at the installation, there may be significant differences
between instantaneous flow rates and average flow rates, which could cause significant
excursions out of range. Users should estimate and allow an appropriate margin in terms
of possible flow rates.
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Table 4 (continued)
Subject What to consider
Changes in fluid Changes in fluid properties require sampling of the fluids for laboratory analysis and
properties a subsequent update of the fluid data in the MPFM flow computer. Hence, sensitivity to

expected fluid property changes at the specific installation should be considered, and
facilities and routine for measuring and tracking fluid properties with time should be
included in the design.

The multiphase fluid properties measured by the MPFM system can change over the
years either because it is not always used with the same wells or because some injection

techniquesareputinplaceatatater productionrstagetoenhance-theottrecovery, thus
modifying the fluids composition in each well (water produced or oil/gas prodijced).
These changes could increase the MPFM measurement uncertainties depending on which
measurement technology is selected. If the impact of these changes is large then some
means to decrease this risk should be implemented (additional sensoxs; calibrafion or
configuration update frequency...).

Flyid properties and
flqw regimes

As described in the previous parts of this document, the multiphase flow can b¢ complex
and different flow regimes can be observed (slug flow/mist flow...). In addition,|the

fluid mixture can result in complex forms (like foam or emulsion) that can haveg some
properties that are not well characterized and may afféctithe performance of the MPFM
measuring system. Information on the fluid mixture and flow regime, if available, should
be considered in the design of the MPFM installation to ensure the selection of the most
appropriate measurement technique and set-up. Viscosity may be difficult to piedict
accurately for foams and emulsions. For emulsjons, the bulk liquid viscosity canp peak
sharply as a function of WLR, in some casés’by orders of magnitude.

Spiace and
mé¢chanical
in§tallation

Space can be a strong constraint, particdlarly on offshore platforms. Inline meters are
generally easier to integrate into the fluid processing facility; however, the follgwing
points can influence the space reguired:

— MPFM system orientationyvertical or horizontal assembly and also the pos]tion of the
sensors versus the flow(direction);

— the dimensions ofithe MPFM system (height, length and width);

— installation guidelines from vendor for optimum performance (upgtream or
downstream)straight length, specific flow conditioning, upstream or downstream
height, sampling, injection and bleed-off ports);

— installation recommendations from vendor for the commissioning| and the
majhtenance of the equipment;

-~ "some space may also be required for the periodic verification of the MPFM system with
another flow measurement device. The verification strategy should be estgblished to
define the space required.

The MPFM may be mounted with a by-pass to allow maintenance without prodfiction
shutdown.

Pressure.drop

The pressure drops created by the MPFM installation depend on the technology selected,
the complexity of the piping lay-out, the viscosity of the fluids, the operating pressure
and the flow rates. Pressure drops can be minimized by a proper sizing of the e[quipment.

A sizing study is generally required based on estimated production of the well(s) flowing
through the MPFM system.

Hydrate, scale or
wax deposits

The MPFM’s ability to tolerate hydrate, scale or wax should be evaluated, and also its sus-
ceptibility to the chemicals that might be used to prevent the formation of these on a reg-
ular basis, or as part of a programme to clean the pipelines and meter internals for such
deposits. Scaling, wax or asphaltene deposits can occur in some applications depending
on the produced fluids’ composition and flow characteristics. A prevention/mitigation
plan may be put in place (heat tracing, maintenance plan...).

Some deposits or particles can also plug the sampling valves or the pressure impulse
tubing. The risk and its consequences should be assessed and some solutions evaluated
(portlocation, remote seals, maintenance frequency...).
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during operation

Table 4 (continued)
Subject What to consider
Method of The method of verification of the multiphase meter during operation should already be
verification considered at the design stage. This ensures that any special facilities, e.g. bypass, isola-

tion valves, sampling points, or other, required for the selected method of verification are
in place (see also Clause 11).

Test or
acceptance
programme /

If a new type of MPFM is to be used, the user may decide that tests are carried out to
establish or verify performance/suitability of the meter.

Maintenarce Maintenance requirements should be clarified. Frequent maintenance requiring man-

requiremgnts ufacturer’s assistance at remote or offshore sites may be expensive and disrupt MPEM
operation.

Nucleonic Installation and use of nucleonic devices in industrial plants is subject to rigorous regufa-

instrumer]tation tions, from authorities and operator, requiring careful and consistent handling, formally

requiremgnts and physically.

Spare parts Does the vendor have spare parts on the shelf, or are spare parts purpose-made?

Support / gervice
on site / r¢mote
service

Is service/support locally available?

Verificatiqn
and calibrption
options

Options for verification or calibration of MPFMs may vary¢onsiderably from one instal
lation to another. It may not be a free choice. Referencé/measurements may be expensiy
or unavailable. The usefulness of an MPFM and credibility of meter readings depends o
calibration/verification methods. See 9.3.

=

Corrosionfand ero-
sion

Can the MPFM take some wear and tear fromfabrasive particles and chemical attack in
the flow? Are there aspects of technical safety? How is MPFM performance affected? D¢
flow regimes (e.g. mist, stratified or slugflows) affect the erosion and corrosion risk?

Remote adcess

Can the MPFM be accessed remotely?;Are there sufficient communication ports availablle
to serve communication to plant control system, information system, intelligent device|
management system, metering eentrol system, local PC simultaneously? Is remote accefss
through a fire wall? Is communi€ation software running on remote PC? Or on local server
(fire wall option)? How cancthe manufacturer access the MPFM from outside the comp4d
ny network?

Fluids

What test fluids areréquired during factory set-up and laboratory testing and calibra-
tion, and are they.available and acceptable to the laboratory?

In the installation can methanol or other service fluid be used safely and easily for
flushing?

Impulse lihes

Can MPEM pressure impulse lines become filled with multiphase fluid and can this caufe
erroriidifferential transmitter lines? Can hydrates form in impulse lines? Is routine
pumnging required or can remote transmitter seals and lines filled with suitable hydraulfc
fluid be installed?

Accessibillty

During installation and commissioning or during a maintenance event some space is
required around the system and should be planned during the design of the installation.
Specific attention should be paid to:

— lifting of heavv parts (such as valves):
[=] AR AY J7

— opening of the cabinet’s doors;
— access to sampling, injection or bleed-off ports;

— clearance for tools.

In a vertical multiphase flow measurement configuration (which is very common), a
blind T on top of the system may be used as an access port to test the system or make
some reference measurements possible. Depending on the height of the location of this
port, a specific platform could be required.
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Table 4 (continued)
Subject What to consider
Environmental Extreme ambient temperature conditions may require specific considerations in the
constraints design of the installations. Additional features could be implemented to protect the

equipment from these effects such as thermal insulation, heat tracing and shelters.

Harsh weather conditions such as sand storms or marine atmosphere could affect the age-
ing of the equipment and should be considered when designing the protection of the MPFM
installations (shelter), specific ingress protection or components’ material selection.

Communication and |An MPFM can be operated in stand-alone mode (memory) or connected to a commu-
wiring lay-out nication network (typically SCADA). The number of communication ports and which
communication protocol is used should be considered in the design of the ¢communication
infrastructure including the distance between the communication modules and the cable
selection.

Another element to focus on during the cabling and wiring installatien is groun/ding and
earthing of electrical equipment as well as the shielding of the gommunication ¢ables to
prevent electromagnetic noise from disturbing the signal.

Veindor’s specific Installation requirements may be specific to some equipment (e.g. some systen}s may be
refjuirements using pneumatic actuators and need an air supply, or sénie equipment requires|straight
length upstream of the metering system). The vender’Srequirements should be taken

into consideration in the installation design.

Pgwer Is sufficient power available?

refuirements

Over- Is there sufficient redundancy to make.allowance for the possibility of failure|of com-
determination ponents?

Physical What fluid properties are required?

prpperties

Inputs What metering system inputsare required and how can they be obtained?

The list of requirements to comply with, (described above) is not exhaustive and can be extended to
indlude additional requirements from local regulations or from client-specific standards or guidelines
for] piping and instrumentation installations.

8 | Performance specifi¢ation

8.1 General

Th performance ofMPFMs is a key element in the assessment of whether multiphase flow medsurement
tedhnologies canbe applied in a specific application, and it is also a basis for selecting the most suitable
tedhnology.

There is<a*need, however, for more standardized performance specification of MPFMs] both for
comparison of measuring ranges and measurement uncertainties but also for more efficient selection
of téehnology and operation of the systems. More standardized performance specificationg will help
users compare MPFMs proposed from different manufacturers for specific applications.

Clause 8 does not provide specific numerical targets for performance, as they may vary significantly
between applications and depend on the importance of the measurements, but a guideline is provided
for specifying the main performance parameters for multiphase flow metering systems.

It should also be noted that a performance specification is not limited to measuring ranges and
measurement uncertainties, but also includes other equally important parameters such as: rated
operating conditions, limiting conditions, component performances (performance of primary
measurement devices such as pressure and temperature transmitters), sensitivities, influence factors,
stability and repeatability. These parameters should also be described and specified to ensure correct
overall performance and use of the systems.
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Even though MPFMs are complex systems, often comprising a number of integrated subsystems and
advanced software, reference is made to ISO 11631:1998, which describes methods of specifying
flow meter performances in general terms. [SO 11631:1998 includes some general definitions and key
principles which should also be applied to MPFMs.

In addition to measurement performance considerations there are other important factors such as
mechanical design, functional reliability and system compatibility which should be accounted for in
meter design and selection. These considerations are outside the scope of this document.

8.2 Technical description

Because df the complexity of multiphase flow metering systems, manufacturers should provide el¢ar
technical [descriptions of their MPFMs as part of the performance specification. This is an important
prerequisjte for users in their evaluation of the suitability and expected performance of aniMPFM fqr a
specific application. The technical description should include:

— generpl overview of the MPFM and its basic principle of operation (e.g. block-schématic);

— descrjptions and specifications for all sub-systems and primary measurement devices such|as
sensofs, transmitters, software and computers that can affect the meterperformance;

— generpl outline of the basic measurement principles and models that¢an help the user in assessing
and pfedicting the meter behaviour (for instance, the type of bulKor total flow element employgd,
phas¢ fraction or compositional sensors, flow stream conditioning and flow regime computatiohal
mode]ling approaches);

— descrjption of configuration parameters and required input data (such as fluid properties).

8.3 Spacification of individual sensors and primary devices

A multiphpse flow metering system relies on a number of individual sensors and transmitters that each
directly ipfluences the overall quality of the measurements. Detailed descriptions of the individpal
sensors apd primary devices and their measurands, measuring ranges, limiting conditions of yse,
diagnosti¢ output parameters, repeatability, hysteresis and drift characteristics and measurement
uncertainties should therefore be included in the performance specification.

This applies to, for example:

— presspre and temperature/measurement devices;

— differential pressure measurement devices;

— gamnja-ray or othernucleonic and electromagnetic instrumentation;

— electrical sensors such as capacitance, conductance and microwave systems;

— densifometers;

— analysers.

These descriptions should be accompanied by a full description of the calibration process and
requirements for each type of instrument.

8.4 Specification of output data and formats

All measurements output from the MPFM to the user should be clearly described and documented
with corresponding output formats and units. It should be clearly stated whether data are reported at
actual or reference conditions, which should be specified. If data are converted to reference conditions,
the method and models used in these calculations should be specified, including specification of
uncertainties and validity ranges.
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hree-phase MPFM normally provides the following outputs as a minimum:
oil, water and gas flow rates (volume and/or mass);
phase volume fractions (WLR, GVF);

pressure and temperature.

2020(E)

These outputs are typically available as time-series signals and as averages over user-selectable
periods. Some MPFMs may also provide other operational information, for example, indication of:

Ral

thre presence of formatiom or ijectior water;
deposits affecting readings;
inhibitor chemical.

data from MPFM sensors such as permittivity, capacitance, conductane¢e; conductivit

attlenuation, optical absorbance and differential pressure should be made“available to
verification and operation of multiphase metering systems.

8.

Measuring range, rated operating conditions and limiting conditions

The performance specification should include information about measuring range, rated
conditions and limiting conditions (for definitions see 3.2).

At
ap
ad
col
tes

ypical specification of the measuring range, rated gperating conditions and limiting con
articular meter should include environmental, process and fluid conditions, as shown in
lition, a list of compatible or non-compatible chemicals such as those used for scale, wax, hy
rosion inhibition, and clean-up, and service fluids, such as those typically used for pressu
ts and flushing, should also be included as@art of the "rated operating conditions”. Con

should also be ensured with substances like H,S, Hg and naturally occurring radioactiv¢

(N

DRM) or tracers and any others that\can influence sensor response if these are pres

production streams.

Th
ling
pre¢

e measuring range and limiting-conditions of an MPFM can also be described as meas
iting envelopes which can be\plotted in two-phase flow and phase fraction or compositio
esented in Clause 7. This ehables ready comparison with predicted production flow rate en

8.6 Measurementimcertainty

8.6

In

.1 General

order touse an MPFM in a specific application, the meter should be evaluated with 1

combined:expanded measurement uncertainty for the various measurements it will perform

Su

h-an uncertainty evaluation should include the uncertainties of the parameters ¢

y, gamma
users for

operating

litions for
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component instrumentation. This evaluation should also include the implementation of the models and
measurement procedures in the MPFM, in order to consider the meter as it really operates. Uncertainty
calculations should be performed according to the principles of the ISO/IEC Guide 98-3:2008.

The uncertainty of MPFMs should be specified using terms that are in conformance with “International
Vocabulary of Metrology — Basic and General Concepts and Associated Terms (VIM)” issued by
JCGM (2012)[12], Other standards based on the above document may also be used. Some definitions
that may be particularly relevant to multiphase flow measurement are given (or form part of the
definitions) in 3.2.

The credibility of, and degree of effort to be applied to, such uncertainty evaluation should be assessed
and judged on the basis of scientifically sound and transparently acquired, realistic flow test evidence
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to back assertions regarding measurement performance for a particular meter technology design,

system implementation and size. See Clause 9 for guidance on flow testing.

8.6.2 Measurement uncertainty evaluation of MPFMs

Since MPFMs are complex, sophisticated systems consisting of a number of subsystems and primary
devices that are closely integrated, a full and complete quantitative theoretical uncertainty evaluation

may not be practical or credible.

Fundamentally, any flow models and assumptlons on Wthh an MPFM technology relles to translate

regime b¢haviour in and between d1fferent product1on streams, wh1ch can be d1ff1cult to pred

Fluid behaviour in service is not fully reproduced in laboratory flow testing nor necessarily\in"prii

field testipg: these testing methods are typically the basis for the empirical models. Sole reliafice o
complete fluantitative uncertainty evaluation is insufficient.

The unceftainty evaluation should also take account of measurement results friom independ
flow testy. These should be conducted using facilities meeting the requirements)of ISO/IEC 17(
(or equivglent) and operated by a non-conflicted third party, to a transparent, controlled proto
Independg¢nt flow tests should replicate relevant deployment conditions and field set-up as closelyj]

Pnt
25
rol.
as

possible. o special adjustment or additional testing is allowed before, duting’or after the performance

test that yould not occur in tests specified when a meter is purchased and operated in the field. T
should enpble the estimation, documentation and acceptance of the mi€ter measurement uncertaint]
for variouls relevant flow conditions and regimes; see Reference [15].

his
ies

Clause 7 describes graphical tools, including the two-phase flow and composition map representations,

which pravide alternative ways of presenting measuring ranges and measurement uncertainties. Th
graphs may be helpful in addition to tabular presentation*of measurement uncertainties.

The uncertainty evaluation should be properly documented, and all information necessary for a
evaluation of the work should be available to others who may need it. This requires references to sour

ESe

re-
fes

and background material, and detailed outlining.of the evaluations where engineering judgement has

been used.

The confiflence level of the specified measturement uncertainties of MPFMs should be clearly stat|
and 95 % [(k = 2) should be the default.confidence level.

Measurenpent uncertainties can be specified both as absolute or relative uncertainties, and for MPFN\
— flow fates are normally specified with relative uncertainties, and

— phasq fractions are fiormally specified with absolute uncertainties.

8.6.3 Influencequantities and sensitivity coefficients

In supporf of quantitative uncertainty estimates, itis recommended that analysis of influence quantit
is undertgKen. Influence quantities are quantities that are not measurands, but affect the result of

ed,

ies
he

measurement. EXamples oI Tactors that can influence MFrFMSs are:
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To

shuld be estimated.

A 9
mg
un
mg

cap be given as a percentage variation of the indicated WERper percentage change in salt

va

8.6

Th
reg

flow regimes; — fluid properties (e.g. water salinity
. . and conductivity, oil permittivity, phase
additives, e.g. emulsifiers, wax densities and viscosities, elemental
inhibitors, corrosion inhibitors; composition);
MEG (mono-ethylene glycol)/ — H,S;
DEG (di-ethylene glycol)/
TEG (tri-ethylene glycol); — ambient temperature and pressure variations;
methanol; — sand;
scaling / wax / hydrates; — installation effects, upstream straight lengths,
bends;

pressure loss and gas evolution;

_ ) — EMC noise.
vibrations;

determine how the main influence quantities affect the measurements,/sensitivity c

pecific sensitivity study can be performed (within defined input/parameters) to describ
asurement output varies with changes in the values of criticakinfluence quantities, and
Hertaken to quantify the effect of these factors on the combinedexpanded uncertainty of
asurements. For example, the sensitivity coefficient for salinity influences on the WLR me3

ious defined operating conditions.

4 Repeatability

e repeatability of a meter is a quantitative expression of the closeness of the agreement be
ults of successive measurements of the same measurand carried out under the same med

befficients

e how the
should be
the MPFM
surement
content in

tween the
surement

copditions, i.e. by the same measurement @rocedure, by the same observer, with the same measuring

ins

8.6

Sin
flo

time-series flow measurement outputs can be useful operationally and specified as well ag

pr
Ex

trument, at the same location at appriepriately short intervals.

.5 Stability and frequency response

ce MPFMs can be exposed'to, and used to follow, continuously rapid variations in flow g
w rates and flow regimesjor for unattended applications, including remote installations ai

duction rate reporting.
hmples of sueh'\performance specifications can be (as applicable):
the response time and signal sampling interval to track variations in flow regimes and cq

the Yesponse time to track variations in fluid properties;

onditions,
hd subsea,
averaged

nditions;

thie measurement duration ie averaging pprind to determine phqcp flow rates:

the drift in readings with time.

8.7 Guideline on MPFM performance specification

8.7.1 General

Subclause 8.7 provides a brief guideline on MPFM performance specification. It provides a suggested
format for specifying the performance of MPFMs that vendors may use when quoting for specific
applications.
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An MPFM performance specification should include the following items:
— technical descriptions;

— specification of required input data;

— specification of output data;

— rated operating conditions;

— measurement uncertainty;

— two-ghase flow map: measuring and limiting envelopes;
— comppsition map: measuring and limiting envelopes.

Sample fofmats for specifying these individual items have been included in the followinglauses.

8.7.2 Te¢chnical descriptions

Referencelis made to 8.2 and Table 5. The technical descriptions may also include references to relevant
documentation containing the detail of the specifications.

Table 5 — List of attached documentation with techhical descriptions

Reference(s) Included

No Documentation (to;attached documents) (ves/no)

1 General overview and basic principle of operation
(4.g. block schematic)

eneral outline of basic measurement principles
nd models

Fimary measurement devices

G
a
3 Dlescription and specifications of sub-systemSand
p
D

escription of configuration parameters-and required
fput data

—

8.7.3 Specification of input data

MPFMs typpically require somefa priori information on fluid properties. Some example input parametgrs
are listed [in Table 6. The actual configuration parameters required are technology-specific.

Table 6 — Specification of typical input data

Input parameters Unit
Density per phase kg/m3
Water conductivity mS/cm
0il Permittivity F/m
Linear attenuation coefficients per phase 1/m
ﬁass attenuation coefficients per phase mZ2/kg
Viscosity per phase mPa-s

8.7.4 Specification of output data

Reference is made to 8.4. Table 7 illustrates a simple sample format for specifying typical outputs from
an MPFM at actual conditions.
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Table 7 — Specification of typical output data

MH
std
ing

Output parameters Unit
Volume flow rate per phase am3/h
Accumulated volume per phase am3
Phase density kg/m3
WLR %
GVF %
Temperature °C
Pressure bar

should be specified and agreed between the user and the vendor.

8.7
As

be

.5 Rated operating conditions and limiting conditions

pafameters not listed here might be relevant to some meter types.

FMs provide phase quantity outputs at actual conditions, but most MPFMs ¢an’also give
ndard conditions. In that case, the methodology and PVT or equation-of;state (EOS) modg
uts to configure the meter to convert phase flow rate outputs from actual to standard

an example, in reference to 8.5, Table 8 shows typical parameters for the specificatio
opprating conditions and limiting conditions. These parameters are meter-specific, and
noted that the parameters listed in Table 8 might not be applicable to all meters and

Table 8 — Specification of typical rated-operating conditions and limiting condit10ns

butputs at
Is used as
ronditions

h of rated
it should
hat other

Rated'operating conditions Limiting conditipns

Minimum Maximum Minimum Maximum
Liquid velocity m/s m/s m/s m/s
Gas velocity m/s m/s m/s m/s
WLR % % % %
0i| density kg/m3 kg/m3 kg/m3 kg/m3
Gqs density kg/m3 kg/m3 kg/m3 Kg/m3
Whter density kg/m3 kg/m3 kg/m3 Kg/m3
Whter conductivitytange mS/cm mS/cm mS/cm mS/cm
Lipe pressure bar bar bar bar
Line tempefature °C °C °C °C
Arpbientpressure bar bar bar bar
Arpbient temperature °C °C °C °C
© IS0 2020 - All rights reserved 43


https://standardsiso.com/api/?name=b43ce02f2721329df2a213f74c2d7b66

ISO/TS 21354:2020(E)

Table 8 (continued)
Substances Compatible Maximun_l Maximun_l

(ves/no) concentration concentration
HyS ppm ppm
Hg ppm ppm
MEG ppm ppm
DEG ppm ppm
TEG ppm ppm
Demulsifi¢r ppm ppm
Sand kg per m3 fluid kg per m3/flulid
Corrosion|inhibitor ppm ppm
Scale inhibitor ppm ppm

8.7.6 Measurement uncertainty

Reference| is made to 8.6, where parameters to be specified, such as shown¢in\Tables 9 and 10, fre
described|in more detail. No numbers are given here except possible ranges-of GVF and WLR becatise
the uncerfainties depend on the technology and the application. The uncertainties should be given at
particulay line conditions.

Table 9 — Specification of measurementuncertainty

Confidence level: | 95 % (k=2) | Combined expanded uncertainties
Summary specification
Foyprange Toftlil‘;/:‘):tlzne Average gas Average liquid2 | Average Fyy [z
[%] (% relative) (% relative) (% absolute)
turndown
0to 15 x:1 Yeas Nliquid w
15 to 85 FeN Yeas Niquid w
10 % Fy b 85 to 95 X1 Yoas Vliquid w
95 to 98 x:1 Yoas Niquid w
98 to 100 x:1 Voas Yliquid w
0 to(15 x:1 Yeas Niquid w
15.t0 85 x: 1 Yeas Niquid w
50 % Fy k 85to 95 x:1 Vaas Nliquid w
95 to 98 x:1 Yoas Niquid w
98 to 100 x: 1 Voas Yliquid w
0to 15 x:1 Yeas Hliquid w
15to 85 x: 1 Yoas YVliquid w
95 to 98 x: 1 Yoas YVliquid w
98 to 100 x:1 ygas yliquid w
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Table 9 (continued)

a The liquid flow rate uncertainty can be split into oil and water flow rate uncertainties as follows:

U 2
_ |2 _JWIR
Vot =\ Viiquia *| T £ and
WLR
2
U
— |2 WLR
Uwater - Uliquid + E
WLR
where
U,; istherelative uncertainty percentage in the oil volume flow rate;
U,ater is the relative uncertainty percentage in the water volume flow rate;

Ujiquia 1s the relative uncertainty percentage in the liquid volume flow rate;
Uwrr isthe absolute uncertainty percentage in the water liquid ratio.

Example oil and water flow rate uncertainty specifications are provided below:

Foyprange Toftl:;\)l“\’/::l:zgle Average gas Average oil Average water
[%] turndown (% relative) (% relative) (% relative)

0to15 x: 1 Yeas Yoil Yvater

15to 85 x:1 Ygis Yoil Ylvater

10 % Fyyr 85 to 95 x:1 Yaas Yoil JYwater
95to 98 x:1 Ygas Yoil Ylvater

98 to 100 x: 1 Vaas Yoil Ylvater

0to15 x: 1 Yeas Yoil Yvater

15to0 85 x:1 Ygas Yoil Ylvater

50 % Fyr 85 to 95 x1 Ygas Yoil Ylvater
95t098 x: 1 Vegas Yoil Ylvater

98 to 100 x: 1 Vaas Yoil Ylvater

0to 15 x: 1 Veas Yoil Yvater

15t0.85 x:1 Ygas Yoil Ylvater

90 % Fyyr 85 to 95 x:1 Ygas Yoil Ylvater
95 to 98 x:1 Yaas Yoil Ylvater

98 to 100 x: 1 YVaas Yoil Ylvater

Some other factors that should be considered are listed below:

Table-10 — Additional factors for consideration in the specification of the measuregment

uncertainty
Repeatabitity Gasflow Oitflow Water flow FwLr
rate rate rate
% % % % absolute
Response time: ms Measurement update Hz
frequency:
Influence quantities Effect
Salinity
Flow regime
Sand
Additives
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Table 10 (continued)

Scale

Wax

Hydrates

Fluid properties

References (documentation)
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8.7.7 Ty

The perfoleance specification should include one or more two-phaseé flow maps as described in 7.3.1.

Both the
shown on

8.7.8 Composition map

The perfo
the measy
on this pl

9 Testi

9.1 Ger

Testing, c
the coursg
of the opt
locations

wo-phase flow map

easuring and limiting envelopes should be plotted. The¢production envelope should also
this plot to gauge meter fitness-for-purpose limits.

Fmance specification should include one or:more composition maps as described in 7.3.2. B
ring and limiting envelopes should be plotted. The production envelope should also be sho
t to gauge meter fitness-for-purpose liniits.

ng, calibration and adjustment

jeral

hlibration and adjustment can take place at different locations and for different purposes
of manufacturethrough to commissioning and operation on site. This subclause covers so
jons and highlights particular issues for each option. Table 11 shows a matrix of options
ind activitiesithat should be addressed.

Table 11 — Testing, calibration and adjustment options

be

bth
vn

in
me
for

. Activity
Location
FAT / testing Calibration/testing
Factory Visual inspection Static / dynamic
Functional testing — Model fluid
Instrument testing — Purpose-built flow loop
Dimension control — Static instrument calibrations
Documentation/certificates and tests
verification
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Table 11 (continued)
. Activity
Location : . - .
FAT / testing Calibration/testing
Test Facility Instrument check Static / dynamic
Communication checks — Non-conflicted third-party
test operator
— Extended test matrix
Referenee HStrements
traceable to standards
(preferably in facilifies
meeting the requirenients| of
ISO/IEC 17025)
— Representativeor model flufids
Inssitu (i.e. once installed in | Instrument check Static / dynamic
the field application) Communication check — Baseline recording
Commissioning — Pefformance test (e.g. agaihst
test-separator metering |as
reference)

Eath of the rows “factory”, “test facility” and “in situ” denote a'location for testing of an MPFM. Factory
teqting is the least expensive option. By “in situ” is meantthe final destination of the MPFM where it is
golng to be put into service. The row “test facility” refers to various possibilities for where the MPFM
can be tested (9.3.5). Details for different test logatiens are provided in separate sub clauges. There
might be various reasons for selecting these locations. There are at least two routes to plutting the
MRBFM into service:

— | factory - test facility — in situ,

—| factory - in situ.

9.2 Factory acceptance testing (FAT)

Prijor to shipping the MPFM toSite, a comprehensive test should be completed by the vendor. THe purpose
of the FAT is to ensure that the system performs all functions satisfactorily. The test should be performed
with the MPFM fully a@sseémbled. These function tests do not necessarily require process flow.

The FAT should<nclude a full functionality testing of all instrumentation, any flow computer and
communication<o a service computer. This includes testing of software as well as hardwar¢. The FAT
should include, but not be limited to, the following activities:

—| equipment visual inspection;

— L power-up test of the whaole system;

— instrumentation tests;

— user interface / parameter check;

— final result / result files check;

— alarms check;

— integrity testing (hydro + leak tests).

Prior to the FAT the vendor should produce a report containing results from an instrumentation set-up
and inspection.
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The FAT procedure is vendor-specific; however, it is recommended to use a form with a format that
indicates what to inspect and what the expected observation should be. Finally, a tick box should be
available where the client can tick off or sign whether or not the item passed the check. An example
format is provided in Table 12.

Table 12 — Example FAT inspection table

Item

Inspection description Design requirement Accepted (yes/no)

X.X

Check that all cables and glands installed are |MPFM interconnection
of the correct type, and fully tightened. diagram

During the FAT, documentation of checked mechanical dimensions should be available for the’clig
sort of measurement certification or a document where it is shown that vital mechanifal
dimensions are checked and that the person who did the check has also signed for each dimens

i.e. some

checked.
9.3 Cal

931 G

Some MPI
performa

bration and test of MPFMs

bneral

‘Ms are subjected to static calibration and adjustment at-the factory. Flow-loop testing
hce verification of the meter in dynamic conditions is usyally optional.

For examile, although some MPFMs are set up solely on the basis of static calibrations and subsequ

adjustme
form a ne
simply us

When the

MPFMs aind single-phase meters should be borne’in mind. That is, the major part of the uncertai

of an MPH
propertie

The prim
according]
the outpu
signal-prq

Therefore
rate meag
transferra

In the cas
in single {
part of thg

ts at the factory, some MPFMs do in fact requireza dynamic flow-loop calibration that ¢
Cessary basis for adjusting the meter. In these ¢ases, the flow-loop test for calibration is
bd for verification of meter performance, but as*a basis for adjustment of the meter.

measurement results from a calibrationare assessed, the significant difference betwg

M is associated with changes and wariability in fluid dynamic process conditions and fl
b, rather than with the intrinsic dncertainty of the primary sensor elements.

hry measurement elements.that make up an MPFM can usually be individually calibraf
to standard procedures,.Similar to those used for single-phase flow measurements. Howey
L of the primary elements’of an MPFM is usually used as the input to the advanced data- g
cessing stage, giving\the individual fluid phase flow rates as the end result.

flow rate calibration procedures, where an MPFM is calibrated against reference fl
urements, as)can be done for single-phase metering, cannot necessarily be relied upon
ble from the-calibration scenario to operation in situ.

e of MPFMs which use differential pressure elements specifically, if the claimed uncertail
hase flow is less than that stated for an uncalibrated single-phase meter in the appropri
 [SO 5167 series, it is recommended that MPFM technologies that utilize Venturi tube or c¢

nt,

on

for

ent
an
not

en

ity
hid

ed
er,
nd

as

Lty
hte
ne

meters should be flow calibrated to characterize the meter’s single-phase flow baseline performance
(discharge coefficient) across the application flow range.

The following subclauses provide details regarding performance verification of MPFMs in static and
dynamic conditions.

9.3.2 Performance verification in static conditions

A static test does not require flowing conditions and is usually done during FAT and commissioning
on site. Although the static tests differ for each make of MPFM, their purpose to establish a reference
based on a known single-phase fluid inside the measurement section of the MPFM is common to all.
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The factory calibration performed by the manufacturer may consist of, for example, measurements
of geometric dimensions and sensor measurements in calibration fluids, depending on the working
principle of the primary measurement elements. Calibration of the primary elements is usually
independent of the process conditions for which the instrument is used. However, it should indicate or
read out the expected values at zero flow conditions.

The results from these static tests are usually stored and used as part of a maintenance plan. The static
tests can be repeated at regular intervals and compared. This can provide a health check of the MPFM.
Such tests are usually performed when the installation has a scheduled shutdown.

9.33 Performance veriiication in dynamic conditions

9.3.3.1 General

Pe
log
thd
fon

-formance verification in dynamic conditions can be done in different ways and at
ations. Regardless of the method, the purpose is to measure the oil, water-and gas flow 1
MPFM and to compare them against reference flow rates. The reference measurement sys
performance verification in dynamic conditions may vary in size and, thus flow rate cg

different
ates from
tems used
pabilities.

Therefore, prior to a performance verification in dynamic conditions, it should be ensurefl that the
mgasuring envelopes for the MPFM and reference measurement system overlap. If they do npt overlap
sufficiently, only performance verification of a part of the measuring envelope of the MPFM may be
pogsible.

Thre are at least three different methods for performancetverification in dynamic condition
factory;

test facility;

in situ.

Ea
iss

"h method has its advantages and disadvantages, but before addressing each method, a few
ues concerning performance verification in dynamic conditions are highlighted.

mportant

Specific requirements for blind tests/in flow loops are given in 9.5.

9.3.3.2 Fluids

onditions.
ose of the
c for each

Th
Fo

ap
pa

Th

e ideal situation wduld be that the test facility could reproduce the expected field
- example, the fluid_¢onstituents of oil, water and gas should preferably be similar to th
blication fluid,-This might not be an open choice, as the fluids are in many cases specifi
Fticular facility for performance verification in dynamic conditions.

e test fluid)is either:

ainadel system, using some sort of model oil, water and air or nitrogen, or

een the oil
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phase and the gas phase.

Some facilities for performance verification in dynamic conditions use a model fluid, for reasons of cost
and working environment. In many cases a model system is the only option available. Even operating
a model system may be subject to stringent conditions of use, and the model oil may not have been
selected for meter-testing purposes only.

One advantage of using model test fluids is that they are normally well-behaved and their PVT properties
are well-known; so uncertainties regarding PVT properties are reduced to a minimum. It is important
to convert flow rates recorded by the reference measurement system in the test loop to a common basis
(e.g. standard conditions or actual conditions at the MPFM) before the loop reference measurements
and the MPFM measurements are compared. The use of live crude introduces the uncertainties of PVT
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conversions. One argument often used against model fluid is: "The fluid is not representative of the
fluid to be measured, in terms of density, viscosity, salt content, mass transfer between the phases,
phase surface active components, and generation of flow regime."

On the other hand, each oil and gas field is different and no flow-loop fluid is near representative
unless the fluids from that particular field are brought into the loop and operated at field pressure and
temperature.

Another problem with using produced hydrocarbons as a test fluid is the lack of wide availability of a
suitable plant (the cost aspect) and the fact that such plants are bullt and operated under a hazardous
area regime-S S , S . dused as testflnid

ith

9.3.3.3 Pperational constraints

The fluidg in a test facility are normally circulated in a closed-loop system, and there are at least two

— Singlg phases of oil, water and gas are pumped and measured before beithg mixed and passed throygh
the tgst section. Downstream of the test section, the multiphase fluid flow is again separated into
singlg phases. Reference measurements of each single phase are' made before mixing, even if a

— 0il, gas and water are first mixed and then pumped contintiously as a multiphase fluid in a cloged
loop. [Gas and/or water fractions can be varied by injeeting or withdrawing fluid into/from the
circulating mix. Phase flow rates or fractions are determined by the mixing procedure and gre
assuned to be constant until pumping or composition is changed by adding or withdrawing fluid(s).

MPFMs mgasure flow rates at the operating conditions of the fluid as it passes through the meter (acthal
condition$). If the reference instrumentation i-the facility operates at conditions different from th¢se
of the multiphase flow meter, flow rates should be calculated for the conditions of the multiphase flpw
meter. Th|s would include calculation of mass transfer between the phases. When testing in a facility
with diffefent conditions (e.g. pressuré)from those in the field, the results may not be fully indicative of
performance in service and should be interpreted with caution.

9.3.3.4 [Test matrix

Depending on the test facilify flow rate capabilities and degrees of freedom in choosing fluid properties,
a compreljensive test natrix can be set up.

A test mafrix should be defined for each meter to be calibrated. In principle, this is no different frpm
other test]situations, but with MPFMs the test matrix can have a large number of points, owing to the
many conpbinations of flow rates and phase fractions. For example, with four flow rates per phasg, a
minimum|of64 points is necessary. To cover every possible combination of pressure, temperature gnd
water salinity, the test matrix can run into hundreds of points.

For this reason, it is usually necessary to reduce the number of points from “the full set”, to one or
more subsets. With MPFMs, such a reduction is more difficult and more important owing to the very
large number of possible variations. The test points which can be omitted with the smallest loss of
information on meter performance should be identified. It is possible that the “most redundant” points
are different for different types of meters, owing to their different working principles.

9.3.3.5 Reference measurement uncertainties

Test results are only as accurate as the reference measurements provided by the test facility. When
the results of MPFM tests are evaluated, the measurement uncertainty of the reference measurements
should also be taken into consideration.
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In some facilities one or more phases may not be measured directly, and in such cases, it should be
expected that these reference measurement uncertainties are higher than those being directly
measured.

Additional measurements or calculations may also be required, such as water-in-oil and/or oil-in-
water in the “single-phase” oil and water flowlines to estimate water/oil carry-over/under, owing to
limitations of fluid processing efficiency.

The reference flow meters should be subject to periodic calibration, traceable to national or international
standards.

Giyen the criteria and considerations regarding performance verification in dynamic condjtions, the
diffferent alternatives as provided in the next subclauses can be reviewed.

9.3.4 Factory test

A fpctory test is a test performed by the manufacturer of the instrument: the test is usually cprried out
using facilities owned or controlled by the manufacturer.

A factory test may be carried out for several reasons:
—| investigation of the performance of a new type of meter duringa'development phase;
—| calibration or functional verification of meter before delivetfy to customer/user.

Fa¢tory tests have advantages, as well as limitations, and the most important have been listed in
Table 13:

Table 13 — Advantages andlimitations of factory tests

Advantages of factory tests Limitations of factory tests

Easy access to test facilities and relatively fewer |The test fluid is normally unlike that of an ¢il/
limitations on test time, making larger test matri- |gas well stream.
ces possible.

08

Relatively inexpensive. Flow conditions/regimes are likely to be di
ferent from the real-life application.

Test facility may be purpase-built for a specific Tests cannot be regarded as fully independgnt.
make/type of meter.

The range of phase.flow rates may be wide. Normally low pressure.

9.3.5 Test facility

9.3.5.1 General

SomeAendors have their own test facility; however, third-party independent laboratory fagilities are
aldo“available. Some operating companies have even made their own test facility in conjunctjon with a
production plant where live hydrocarbons can be measured in a dedicated test section. The independent
laboratory and the field test loop are treated separately in 9.3.5.

9.3.5.2 Independentlaboratory test

An independent laboratory test is an impartial third-party test. An independent test facility should
be expected to have a quality assurance programme with formalized procedures and reference
instrumentation traceable to national or international standards. It is recommended that the test
should be performed in a laboratory meeting the requirements of ISO/IEC 17025.

The aim of an independent laboratory test is to verify the MPFM performance in a third-party facility
and thereby to increase the confidence in the MPFM performance from that in a factory test. Such tests
may be regarded as unbiased; moreover, tests may be standardized, which allows for comparison
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between the performance of different meters. A good facility also offers extensive test matrices
covering, at least, major parts of most MPFM measuring envelopes.

If the variation in performance of the MPFM under changing process and flow conditions is not known,
or is not regarded as adequate, the laboratory should be able to reproduce process conditions and
physical fluid properties as close as possible to those of the actual application. At least the gas volume
fraction, GVF, flow rate ranges and water liquid ratio, WLR, should resemble their values in the field.

It is recommended that independent laboratory testing is used with care, with all the information
available on MPFM performance, i.e. in previous tests and field applications, being carefully evaluated

before a test programme-is carried out

Independ¢nt laboratory test facilities vary significantly in terms of test capabilities and cost levels.
Various tgst fluids and flow conditions are available, e.g. model systems and real hydrocarbon’fluids.
Flow ratgs, flow regimes and temperature and pressure ranges differ between the different test
facilities.

One way ¢f providing additional confidence in a multiphase test facility is for the facility to participate
in an intercomparison with other multiphase test facilities. A best practice guidé.orl intercomparisgns
between multiphase test facilities has been published (Reference [34]).

Compared with a factory test, some of the main features of an independént-laboratory test have bg¢en
listed in Tpble 14.

Tdble 14 — Main advantages and disadvantages of an independent laboratory test

Advantages of an independent laboratory test Disadvantages of an independent laboratory
test

Test is independent and results are largely reproducible Test is more expensive.
and verifigble.

Alarger tdst matrix in terms of flow rates, pressure and
temperatyre is normally possible, as is a test with differ-
ent fluids.

9.3.5.3 Field test

From a tept point of view, the majn'\difference between an independent laboratory test and a field test
is that representative fluid properties are more likely to be obtained in a field test facility than ip a
laboratory. Some oil companies-have set up test facilities in their production plants and offer field tejsts
with live yvell fluids at rea}process operating conditions.

Various options are available for setting up the test bed in the process. Reference measurements are
normally farried out\én single-phase outlets from a separator, e.g. the test separator.

With this [set-up, the available wells or fluids that can be routed via the separator limit the selection] of
test points. Onhly changing the well being tested can change fluid properties and phase fractions. Herce,
although theflow rates are selectable in theory, in practice the wells or flow rates available for testing
rely on the general plant operation, which should not be hampered. Operational process and economics
could dictate the extent to which process set-up variations are undertaken to accommodate different
test conditions.

Some live process test facilities have been modified to offer the option of injecting, withdrawing or
recirculating fluids. In such facilities fluid properties, flow rates and phase fractions may be selected
within a much wider range. Interference with normal plant operation is also reduced. Such test facilities
may be complex, and direct reference measurements may be more difficult to obtain.

In some cases, MPFMs are installed in a process for functionality test purposes where reference
measurements may be limited or non-existent. Even though such tests are very useful and necessary,
these facilities are not considered to be measurement performance test facilities.
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Further information on performance testing is provided in 9.3.7.

9.3.6

In situ test

9.3.6.1 General

2020(E)

In situ testing is a test performed after the MPFM has been installed at its final location in the field. The
aim of in situ testing is to verify the measurement performance of the MPFM in operation, as compared
with the results from a factory test, an independent laboratory test or a field trial.
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Iree possible configurations are addressed in more detail in the following:

me meters first require an initial static calibration in situ using actual well or other flu
performance verification in dynamic conditions can be performed. Some meters Jals
rections on both the fluid data analysis and the fluid thermophysical properties such'as Py
embedded algorithms usually employ related empirical factors. Whenever possibile;imple
l periodic verification of this type of static calibration are recommended. The results
important track record, and a change in performance can be spotted. It is'hécessary th

ce in situ implies measuring a live process, it is important that ggod PVT data for the
hilable. Accurate PVT data are a prerequisite for any MPFM to measure flow rates accura
ccurate PVT data limit the accuracy of the test. The quality of irksitu testing is further limi
uracy of the reference measurements made on site. Nevertheless, a test is important to b
ord and to monitor changes in performance.

stabilized hydrocarbons contain molecular components that are transferred from the lig
Fhe gas phase or vice versa when the pressure and temperature are varied. Thus, the mass
hydrocarbons in the liquid and gas phases change.when the pressure is reduced. For this r
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.6.2 Testing using test separator as reference

When the MPFM is used to measure a well stream which is occasionally routed through a test separator,
the test-separator measurements can be used as a reference to adjust, check or verify the MPFM.

The results obtained from the test separator or MPFM should usually be compensated for phase
transition due to changes in pressure and temperature in the well stream between the location of the
test separator and that of the MPFM. The flow rates are usually converted to a common basis, which can
be either the test-separator, the MPFM or standard conditions.

With good instrument repeatability for both the test separator and the MPFM, the conditions for
establishing a track record should be good. The phase transition uncertainties are less pronounced
for installations where the distance between the MPFM and the test separator is short. When the test
results are assessed, the flow stability should also be considered, i.e. that the flow is not dominated by
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transient conditions. If transient conditions prevail and cannot be avoided, it should be verified that the
reference instruments and the MPFM are not influenced significantly by the fluctuations.

MPFMs located at a subsea wellhead can in principle be calibrated using a vessel prepared for well
testing. To establish a track record, the MPFM flow rates can be compared with the flow rates measured
by reference instruments topside, i.e. using a topside separator if possible. Provided that the PVT
properties do not change significantly, the performance can routinely be verified, and any anomalies are
easily spotted. If any discrepancies are spotted a start should be made on investigating PVT properties,
reference instruments or MPFM instruments. This includes investigation into possible incorrect set-
up and instrument failure. If flow conditions vary significantly in time, and there is a long distance
between theMPFMamndthe separator,comparing aecunutated quarntity vatuesfora luugt:l tinreper od
may be of|more value than comparing flow rate measurements.

9.3.6.3 [lesting at start-up of a satellite field

A potentigl use of MPFMs is to place one MPFM on each individual wellhead in a satellite field. In this
way, a tedt line, a test manifold and a number of valves are avoided. If individual wells are put ipto
production one by one, each meter can be checked and its response adjusted at the start-up of each
well. If a fnulti-rate test is done for each well at start-up, it should be possible\to obtain a calibratjon
adjustment for each meter, provided that the production can be measured’by an instrumented inlet
separator]or test separator.

An option|can be to record a set of flow rates through a multi-rate testwith the MPFM and the referendes,
and to estpblish a calibration curve based on this data set.

Checks anld meter response adjustments can also be done using'a deduction technique. When testing
by deductjion, the first well is opened and measured using the separator and an MPFM. When the first
meter test is complete, the second well is opened. The increase in flow rate at the separator is now que
to the prdduction of the second well. If the production.of the first well changes, this can be measured
by the firdt meter and compensated for. Test by deduction is more accurate with MPFMs placed on edch
well, sinc¢ the wells that have not been tested can be measured using previously tested MPFMs. This
method should be used with great caution since several factors influence the quality of any test reqult
and MPFM calibration adjustment, for example:

— spread in well performances;

— flow instability, i.e. slugging;

— differences in fluid PVT properties;

— flow-Tange limits of testjor production separator;

— high yncertainty.in'the difference between two total stream reference production numbers relatjve
to thg individual‘well stream rate under test by deduction (further exacerbated since the two tqgtal
prodyction str€am production rates are sequentially measured at different times and often|in
differpentconditions).

9.3.6.4 Tracer techniques

The technique of tracer dilution flow measurement has also been applied for measuring liquid
hydrocarbon and water flow rates on a manual spot sampling basis to verify or calibrate meter response,
particularly in wet-gas flows. This is dependent on the availability of suitable tracer injection and
downstream sample extraction tapping points and adequate mixing length between the tapping points.
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9.3.7 Further information on performance testing

9.3.7.1 General

This subclause gives more details of how to assess the operational performance of an MPFM confronted
with real field operating conditions. The main objective is to evaluate the flow measurement
performance of the MPFM against a reliable and fully auditable reference measurement: first, to ensure
clear conclusions are reached; and, second, to determine the MPFM adequacy for deployment in a
certain field application under a comprehensive range of flow conditions.

AnTexX C Provides ONe exampie of now this work might be done. |
9.3.7.2 Field test description

By|definition, field testing is performed in an operational oil or gas field where the MPFM i$ installed
permanently or in a temporary production test section. In either case, the MPFM-is installed in series
with a reference measurement device, which is typically a conventional test separator equipped with
single-phase metering devices. The flow is diverted to the meter under test then through the|reference
mgasurement device for a duration long enough to achieve stabilized conditions. Once |stabilized
conditions are achieved, measurements are taken, oil, gas and water.production figures, water cut, GOR
anfl any other relevant measurement that is used for data validdtion [e.g. Base Sediment and Water
(BF&W), shrinkage measurement]. Then, there remains the task of comparing flow rates pre¢dicted by
th¢ meter under test with those taken as a reference measutrement for each flow condition fest point.
Thps, the performance of the meter is determined and assessed according to predefined cfiteria for
cefftain flow conditions.

9.3.7.3 Field test matrix

Thle main objective of the field-testing is to asse8s the suitability of the MPFM technology for application.
Th test matrix is defined based on currentiand expected future production for a given application.
Thiis may be assessed on the basis of projected production trajectories, of which examples|are given
in Figures 16 and 17. In order to coyver those conditions, well candidates associated with groduction
scgnarios are selected for evaluation® purposes. Each well is tested at one or more different choke
sefitings to ensure proper coverage of flow rate, GVF and WLR conditions. The ranges of expected test
conpditions are summarized in<Iable 15.

Table 15 — Expected test conditions
Well/formation Liquid rates Feor Operating con- Fwir Fovr
[sm3/d] [sm3/sm3] ditions [%] [%]
[bara/°C]
Well 1/formation 1 min-mid-max min-max range value 1 - vplue 1 -
value 2 - vplue 2 -
value 3 yalue 3
Well2/formation 2
Well 3/formation 3
Well 4/formation 4

Trials should include reproducibility tests, whereby a given well is tested at least twice at the same
choke setting at some time interval, to verify the ability of the meter to reproduce the results under
similar conditions. It is also advisable to vary water flow rates to check the ability of the meter to detect
small changes in water content. Resolution tests to determine the ability to detect small changes in
flow conditions should also be undertaken.

Actual candidate well data should be shared with the MPFM vendor before the start of the field test and
relevant information such as related PVT data, as the vendor may advise the details of the equipment
that it is offering for the field tests. This allows a sizing study to ensure the proper coverage of target
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conditions. Multiple sizes may be used during trials in circumstances where it is required to cover a

range of conditions extending beyond the capability of a single unit.
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Figure 17 — Example of target well trajectories for target conditions: Composition map

9.3.7.4 “Comparison between MPFM under test and reference measurements

It IsCapt a trivial task to compare MPFM readings with reference system readings. The two reading
setS are usually measured at different locations and thus at dilferent pressures and temperatures.
Therefore, to compare flow rates on a volumetric basis, quantities should be converted to a common
process condition basis. It should be ensured that the PVT and other fluid data used by the MPFM, by
the reference system and in the conversion are consistent. To ensure a proper comparison, the following
guideline is recommended.

— Verify that the MPFM and the reference system use the same basis for PVT data.

— Compare total stream mass flow rate readings. To do this, no fluid state conversion is necessary, and
thus the comparison reveals any deviations before introducing the uncertainty of PVT conversions.
If there is an unacceptable difference, this should be investigated, as it provides a fundamental
basis for assessing the validity of the reference measurement system and the MPFM performance.
The uncertainty of the reference measurement systems should be checked and confirmed in this
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instance. If the reference measurements are found to be acceptable, then this total mass flow basis of
assessment provides definitive evidence about the performance capability of the MPFM in question.

— Compare total hydrocarbon mass flow rate indicated by the MPFM with the reference system value.
If water is present, also compare the indicated water mass flow rates. Although there is a mass
transfer between the hydrocarbon liquid and gas phase, the sum of the two should remain constant
with changes of pressure and temperature, as should the mass flow rate of the water present. As
above, this can provide further fundamental insight into the performance of the reference and
MPFM meter systems.

— Com

re phncn volumetric flow rates converted toa common fluid state basis

— Ifpos
verify

— Finall
uncer]

9.3.8 T

Regardleg
is desirab

The testr
The form
terms of t
uncertain|

5ible, take physical gas and liquid samples during the test and analyse them. The purpesg is
the PVT and water property data currently used by the MPFM and the reference system.

y, compare and present the flow rate results, including representation of,the specif
tainties of both the MPFM and the reference system.

st report

s of how the test is performed, it needs to be reported in some format. A standardized forn
e, and a suggestion for a test report table is shown in Table 16.

ht in the Table 16 example accommodates an MPFM where the uncertainty is specified
ptal liquid flow rate, gas flow rate and WLR. Other formats might be more suitable for otl
Ly specifications; however, the general idea should be\clear.

to

ed

nat

pport should give the results in terms of both tables and graphs. Table 16 shows an example.

in
ner
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Table 16 — Example of a test report sheet

Testreport

Test date:
MPFM S/N:

Test location:

Key calibration data relevant for MPFM make:

Test matrix signal data recording basis?:

MBEM. 1o

L 1o £1 4 b
nererenceaveragepnaserowTraces

£1 " &
™IT I averagepnaserowrarcmeastarements

Test | doii | Qwater | Ygas (5t Pref Qoil Dev. | Gyater | DeV. | qgus | Dew. (t'b t p
1° | m3/h | m3/h | m3/n °c | bar [m¥nh| % |m¥h| % |min| % qg °C | bar
|
J
3
b
b
y
B
D
10

Reference average phase flow data?

) \MPFM average phase flow measurements

Tgst Qliq qgas FWLR FGVF Lref Dref
m3/h | m3/h | % % ¢ bar

Qiiq ]3%\ Qgas Dev. | Fyr | Dev. | Fgyp | Dew. t p
m%/b‘s% m3/h % % | %abs | % | %abs [ [°C bar

B

D

10

b Peviations-ax€ calculated at reference conditions, standard conditions or MPFM conditions, as agreed.

Dey.: Deviations calculated between reference and measurement.

a Jpescription of signal'data time series recording procedure, such as signal sample rates, well test or averaging period, stabilization
detlermination anditiming, MPFM versus reference comparison timing basis.

TesIt téchnician:

Approved by:

Date:

As well as tabulated data, the test report should also include the results illustrated in the graphical

formats described in Figures 13 to 15.

In addition to the tabulated and graphical comparison results, the test report can also include:

1) asketch and pictures showing important details of the test installation:

— whether the MPFM was mounted for horizontal, vertical upwards or vertical downwards flow;

— straight upstream/downstream pipe length requirements;

— phase commingling point and distance to meter under test;
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— position of reference measurements;
2) process conditions:
— pressures, pressure drop across MPFM and temperatures recorded for each test point;

— oil-in-water and water-in-oil measurements in the reference system liquid lines taken during
the test;

— oil and water density measurements performed during the test;

— ggsquatity mreasurenTents takem during tiretest;
3) refer¢nce measurements:
— type and standard of reference measurements;
— r¢ference measurement calibration record references;

— djagram of piping and process between reference metering and MPFM in§tallation point;

4) operadtional procedures: a reference should be provided for the documented facility operatjon
procedures as these relate to measurement management and integrity;

5) MPFM set-up prior to test: a full description of the set-up performed by meter manufactufer
(including meter serial number and software version), or by, test institution, prior to the test,
including details of any special set-up and preparation procedures requested by the manufactufer
or unglertaken, and the time taken;

6) sumnjary of test results:

— Alrepresentative number of test points should be obtained. This is governed by the buygr's
r¢quirements for flow rate, WLR, GVF, pressure, temperature and fluid property test ranges.

— Ay PVT conversion or other issues shéuld be noted and explained.

— Apy particular observations duringitest should be recorded.
9.4 Adjustment of MPFMs

9.4.1 General

Most MPHMs require adjustiment based on static configuration. Some MPFMs also require adjustment
based on & performance-verification in dynamic conditions.

9.4.2 Adjustment based on static configuration

The usuallpurpose of a static configuration is to generate input parameters to set up the MPFM and to
establish &-baseline—Eorexampleitmichtberequired-torecord-transmitter- data-enamedelfluid-dr a
representative well fluid to set up the transmitters correctly based on the recorded data. Examples are
mass attenuation coefficients for a nucleonic system and dielectric constants for a capacitive system.

9.4.3 Adjustment based on performance verification in dynamic conditions

9.4.3.1 General

For the type of MPFMs that require adjustments based on performance verification in dynamic,
i.e. fluid flow, conditions, the adjustment can be implemented using one of the following methods or
combinations of these methods. This method generally has a narrow application range, and outside of
the test matrix conditions measurement behaviour is unknown.
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9.4.3.2 Matrix calibration

The data obtained from the dynamic calibration can be used to establish a matrix of meter factors
relating the MPFM outputs to the reference measurements. When such a matrix is used, the MPFM
system selects the factors valid for the flow conditions that it deduces occur in the pipeline to correct
the outputs accordingly.

9.4.3.3 Curve-fit calibration

Curve f1t ad]ustment is carrled out by recordmg MPFM measured oil, gas and water flow rates and
AT ' i g tt M (formula)

es) to the

peration.

9.4.3.4 Factor calibration

If fhe meter is used mainly in a narrow range of flow conditions, and it is possible to obtain|reference
values for the meter when it is used to measure at some point within{this limited rang¢, a single
calibration factor can be established for each of the phases for use within'the given range.

9.5 Blind tests

9.3.1 Scope and objective of MPFM blind test

Blind testing can be used to evaluate measurement performance. The user only provides [the meter
vendor(s) with flow and process range information ¢te enable test unit sizing and configuration. The

ing
thi
is ]
thd
an

Su
wh

B
mq
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9.5

Blind tests.are generally carried out in a third-party multiphase flow loop by individual MPFI

by
ev

ind tests are designed in order to verify performance but also in order to evaluate and under

ividual flow condition test points and the sequence and degree of their adjustment and

pbermitted to make adjustments of the testni€ter configuration and software during testir
normal vendor-specified and -documented factory and site installation preparation, com
l operation as would apply in an actual procurement and field application scenario.

ch tests are expected to represent real situations in which the MPFM systems face real
ich are not controlled.

ter technologies and to‘understand how to use and install systems and to assess their perf

e effects of installation configurations and flow conditioning systems may also be investig

.2 Organization and implementation

a group-of MPFM users through a joint testing programme established and agreed betweg
hluate'flow meter technologies.

ough the test and the associated reference flagw measurements are not disclosed. Furthef,

variation
no party
g, beyond
nissioning

ronditions
ttand flow

ormance.

hted.

M users or
n users to

A blind flow test should reflect as much as possible a real installation. If several meters are tested
together, efforts should be made to test different technologies in similar flow conditions. No ‘tuning’ of
MPFM output data to fit reference values is allowed during the test.

Tests are “blind” and do not necessarily stay exactly within the vendor operating envelope.

9.5.3 Multiphase flow loop

The selected flow loop should have traceable reference flow data for gas, oil and water. The uncertainty
of the reference flow data at the metering point should not exceed one third (and preferably not exceed
one fifth) of the expected uncertainty of the meters to be tested.
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Ideally the flow-loop operator should also be able to characterize the flow regime upstream of the meter
under test as well as to measure or calculate fluid properties (such as the density of oil, water and gas)
at the metering point. Other characteristics such as viscosity and water salinity may be required.

9.5.4 Test matrix

For a blind test, the detailed test matrix is defined by the users (and, as stated in 9.5.2, tests do not
necessarily stay entirely within the vendor operating envelope).

The test matrix consists of a significant number of operating points characterized by pressure,

temperatyre; ; ; f Ity,
and water| salinity.
Each test |point is logged for a certain period and one test result represented in terms of the averjgge
flow rateq over the logging period.
In the cage of testing conducted in collaboration with MPFM vendors, the only infenmation provided
to manufiycturers prior to the test may be minimum and maximum flow rateséand, in some cades,
minimum|and maximum GVF and WLR in order to make good sizing of meters possible.
Figure 18|represents a typical test matrix.
000 0% Foe 25 % For S0 % Fy,
175 % F,.
X, ) ,’x e /,x, P
100 90 % FEVF
Y
915 % £,
¢ X X x ¢
10| 4= " =% o 7 A A 99 % £
/><
11k , . i
1 10 100 1000
X

Key
X  gas flow rate (m3/hr) at actual conditions
Y  liquid flow rate (m3/hr) at actual conditions

Each point shown on the graph may correspond to multiple (fixed bulk liquid and gas flow rate) test points
representing a range of selected WLRs. For example, these may be selected to cover a water content range specific to
an application; or with more detailed increments within the oil/water inversion water cut region in order to assess
susceptibility of a particular metering technology to complex emulsions.

Figure 18 — Example of a test matrix
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9.5.5 Information to be provided by MPFM vendors

For any test of a commercial version of an MPFM, all relevant documentation (e.g. specification,
installation manual, operating manual, Modbus data) should be delivered to the flow-loop operator and
the test customers. It is generally required from MPFM vendors that they provide available resources to
deliver, install, set up and configure the system. Installation requirements and drawings should also be
handed over to the flow-loop operator.

Alist of available meter raw output data should be provided in order to set up the data acquisition system.

A copy of the meter set-up file as configured in the meter system immediately before and after the test
shbuld also be provided.

9.3.6 Information provided to MPFM vendors

9.5.6.1 General

Table 17 indicates the minimum information that may be provided to MPEM-¥endors before aplind test.

Table 17 — Minimum information that may be provided to MPEM vendors before a blrnd test

1 Information regarding the test matrix ranges in ordérito Maximum and minimum
verify MPFM sizing flow rates
2 0il, water and gas properties or oil, water and.gas samples in

order to incorporate required information iirxthe MPFM
configuration: PVT / fluid densities / otherparameter
inputs

3 Installation set-up schematic

9.3.6.2 PVT data

Repervoir-engineering analysis allows the supply of mole-fraction composition estimates for groduction
flows from wells. This information sequired as an input to some MPFM designs.

FoI MPFM testing at laboratory ‘multiphase / wet-gas flow test facilities, there may bg no well-
production mole-fraction cgmposition estimate, depending on the design and operation of the test
fadility. Therefore, in order to test MPFMs in such circumstances, the ‘production’ mole-fraction
composition, when requined in order to configure the MPFM, is determined from the known|reference
gas, oil, and water flow rates and their associated phase compositions for each flow condition ftest point.

It ghould be noted,that such multiphase-flow test-facility mole-fraction composition estimates can be
mqre accurate;than field-reservoir engineer estimates. A consequence of this is that test-facility MPFM
performangée results can be correspondingly better than in the field.

Fufthermore, for known individual gas, oil, and water phase compositions, the created total
myltiphase-flow mole-fraction composition calculation for each test point condition inherently includes
accurate reterence GOR information being supplied to the MPFM under test. I hat 15, whereas the GOR
is an intended output of the MPFM in the field, it is effectively an input to any MPFM that relies on
hydrocarbon fluid compositional configuration in the multiphase test facility. Again, this results in the
test facility MPFM performance results appearing correspondingly and artificially better than would
be representative of field operation.

9.5.7 Test completion

9,5.7.1 General

After test execution, the meter vendor should provide a diagnostic status for the test data points.
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Sampling of water and hydrocarbons should be carried out at suitable intervals sufficient to measure
and capture any variation or change in fluid chemistry or compositions and phase properties through
the course of the test programme.

The following parameters should be obtained for each piece of equipment under test as a minimum:

— gas, oil and water flow rates;

— test facility reference metering uncertainties;

— pressure and temperature measurements for meter inlet and outlet conditions.

The stabi]lity of each test point should be logged.

9.5.7.2

Informati

9.5.8 T¢

After the

Comparison

bn on comparison is given in 9.3.7.4.

st results and deliverables

ests, the following information should be made available by a flow-lgpop operator:

D

pscription and drawing of the test set-up

0

bservations during the testing

In

formation on flow regimes

Methodology for the reference flow rate calculation at t€st section metering point

A

I measured flow rates at meter location and pressure and temperature measurements

R

bference flow rate uncertainties at meter location

R

blevant fluid properties at meter location

X IN [N |UTI | D W|IN |-

fl

Electronic data file with the fluid-composition and property data, and the logged signal and

bw data

9 A

hy recommendations for installatiéon / operation

10 Field

10.1 Ger

Clause 10
of MPFMs

| installation and commissioning

jeral

describes reeommended procedures and practices for field installation and commission

The on-sij

production and(piping system. The on-site installation procedure covers all physical aspects rela

to the co

munication and electrical hook-up of the meter to the client’s systems. After the installat

process, the MPFM should be Subject to an on-Sité commissSioning procedure.

ng

e installation includes the physical connection/installation of the MPFM to the client’s

ed
on

For both these steps it is important to get an overview of the work involved, the staffing required and a
time schedule. These parameters are especially important for offshore work as during start-up of a field
or well there is a vast number of ongoing activities and bed space is usually a limiting factor.

10.2 Installation considerations

Before the MPFM is finally selected and installation started, the following items should have been

considere

d:

— vendor’s installation requirements (when it comes to the meter installation);

64

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=b43ce02f2721329df2a213f74c2d7b66

ISO/TS 21354:2020(E)

— limits for temperature, pressure and flow rates at the MPFM location: it should be ensured that
these parameters and the production envelope are within the operating and measuring envelopes
of the MPFM;

— fluid properties such as PVT data for hydrocarbon as well as conductivity/salinity for water at the
MPFM location as required for optimal measurements;

— facilities to ease the installation and removal of the meter; it might be wise to plan for the possibility
of replacing the MPFM with an MPFM of another size to accommodate unexpected well flow rates;

— _access for maintenance and service of instruments, configuration and checking of readings with
single-phase fluids present in meter, cleaning of internal deposits that may form;

— | accesstoall data (measured or calculated) required to operate and maintain the MPEM: this includes
raw signals from individual sensors;

— | bypass to prevent well shutdown during testing and service;

—| facilities and access for flow rate checking: header to local test separator or connection to
transportable test equipment; injection point(s) for tracers;

—| power and communication lines to the meter computer for loeal and remote data follection,
configuration, operation and verification of communications liite;

—| facilities to collect multiphase fluid samples (itis difficultfo getrepresentative samples of multiphase
fluids; no standard is yet available);

—| flow conditioning requirements;
—| backup facilities and spare parts;

—| that the MPFM is often integrating a radioactive source that is shipped separately and requires
specific authorization (even if it is sometimes managed by the vendor).

Provided that the main issues as described above have been covered, the MPFM should bg installed
ac¢ording to the outcome of the considerations.

10.3 Installation and site-integration

10,3.1 General

Tolensure a smooth’installation process, good communication and clarification of responsibilities are
required between.client and vendor representatives. This can be achieved after reviewing the vendor’s
indtallation and‘commissioning procedures. The outcome of the review should be a mutual 4greement
on|the various tasks to be performed.

Thiis stib¢lause presents some general guidance on some of the main preparatory issues to be donsidered
forran MPFM installation. The list is not exhaustive; however, it covers some typical aspectp. Some of
the issues might not be applicable for a subsea Installation, although the principles are similar.

Prior to the installation process, the actual documents and drawings should be reviewed and compared
with the MPFM scope of delivery and design dossier. Any deviations should be reported and an action
plan created to rectify any deviations. This is important to prevent delays in the installation process.

There is benefit in planning a field visit well in advance. Piping and Instrumentation Diagram (P&ID)
and MPFM installation drawings should be agreed upon before the field visit. The main purpose of the
field visit is to verify spacing, dimensions, electrical supplies and communication interfaces. The visit
might also include hook-up of an MPFM simulator to the client control system to verify communication
and power supply. A rigorous set of organizational project-engineering-discipline execution procedures
and check-list close-outs should be implemented, as is good practice for oilfield instrument and metering
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package systems in general. If a field visit has been performed and everything is in accordance with the
scope of delivery, an additional meeting should be arranged to complete a field-visit review.

10.3.2 Installation requirements

It should be clarified as early as possible if the vendor has any special installation requirements. These
might include:

— vertical / horizontal alignment;

...... PP 5 ST TTeTITT

straight lengths;

B

— special requirements for accessing the MPFM.

Some venflors require access to the MPFM prior to installing it in the pipe work. As mentioned under
Clause 9, it may be necessary to fill some types of MPFM with reference fluids to perform in situ stgtic
calibrations. Some vendors wish to perform cleaning of sensor window surfaces to ensure measurement
errors du¢ to surface deposits or contamination are minimized.

10.3.3 Electrical connections and power requirements

The MPFM power and voltage requirements should be clearly <tated by the vendor, and [an
interconnpction diagram should describe the electrical hook-up. Itis usually the client’s responsibility
to provide¢ cabling and glands that satisfy both site hazardous-area-installation requirements and the
requiremg¢nts stated by the vendor.

Before copnecting the cabling, several checks should be performed:
— contifuity checks of the cable using a multimeter;gach wire and screen should be checked;

— testing of the cable using a megohmmeter: each wire and screen vs. all other wire/screens in the
same [cable;

— checKthat the power supply has the correct output voltage.

10.3.4 Function test

After insfallation and hook-up; a’physical inspection and system test should be performed. The
purpose df this test is to ensure that the system performs all specified functions satisfactorily. The
test should be performed @ith the complete system installed. Usually there is no process flow dur|ng
the functipn test. The teSt)could be a repetition of selected tests from the FAT usually performed at the
vendor’s factory. The résults should be recorded for later use as reference documentation during the
commissipning stage.

10.3.5 Fluid'calculation checks

A verification of fTuid parameters and properties downloaded and/or calculated within the MPFM
system (computer) should be carried out. This is a critical item to reduce uncertainty/errors due to
incorrect fluid parameter inputs/calculation.

As well as addressing actual fluid properties at line conditions, this should also consider conversion
parameters used to convert actual rates to standard rates.

10.4 Commissioning

10.4.1 General

The vendor should provide a commissioning document that describes the procedures that are carried
out by the vendor when the MPFM is commissioned at the client’s site. The on-site commissioning scope
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should include the post-installation functional test and field set-up of the MPFM prior to initial flow. The
commissioning test is designed to ensure that the system performs all specified functions satisfactorily.
The test should be performed with the complete system installed. Power and communication should be
tested during the commissioning process to ensure the reliability of the installation. Complete MPFM
set-up should be performed: instrumentation readings review, zero trim of required transmitters,
baseline reference recordings. Normally there is no process flow during the commissioning phase.

10.4.2 Preparation

It should be verified that all installation tasks have been completed. It can be beneficial if an installation

hahdover has been completed and signed off. Ifany activity has not been completed it should §
that all the additional tools/parts/procedures needed are available.

10(4.3 Documentation and equipment

The vendor should provide a list of all necessary procedures, certificates, tools-ahd consumab
the client can review it. Usually the client requires some information from the Vendor on hov
th¢ MPFM. These requirements should be clearly stated in a separate do¢umient and made aj
the client as early as possible. If any special tools which cannot be easily)transported are re

cli

10{4.4 On site authorization

Depending on the make of MPFM different authorizations.are required:

The permit(s) to work authorizing-the above activities may specify certain installatig

pr
pr

mgetings, detailed job-specifi¢ operational procedures and contingency planning, copies of g
anfl operator certification.

10{4.5 Commissioning activities

Sa

©

Th}E1 vendor ustally has a list of activities to be performed as part of the commissioning.

ent should be notified so that they can be included in the logistics-as’early as possible.

mechanical / pressure system isolation and depressurization;
electrical system isolation;
electrical “Hot Work” permits;

radioactive source handling, if the MPFM contains a nuclear source.

¢cautions to be followed by the vendor. The installation may require additional documentg
¢sented prior to authorizatien‘being granted, and this could include risk assessments, pre{

ple of suelra list can include the following.

Systemn checks: the vendor usually hooks up to the MPFM using a service computer, eithe
or a permanently installed computer, to run various system checks specific for the makg

e ensured

les so that
V to set up
yailable to
quired the

n-specific
tion to be
job safety
quipment

A generic

r a laptop
of MPFM.

This may include static tests (nn flow with MPEM filled with known F]nid)

System configuration: during commissioning, the vendor usually establishes single or multiple
baseline references for the MPFM and its individual sensors; fluid properties data are entered or

checked as a part of the system configuration.

System test: all readings as well as raw data from individual sensors from the MPFM to the
customer’s supervisory or acquisition systems are checked. The continuity of the communication

system is checked by monitoring the communication over an appropriate period.

Pressure test: on-site testing falls under the responsibility of the client and should be performed
according to client’s procedure. The vendor should be consulted prior to pressure testing to reveal

any limitations regarding test medium and test procedure.
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— Final testing: once all commissioning activities have been completed, it is recommended that
a thorough quality check of output data with flow through the MPFM be undertaken to ensure
consistency of results. This is a task that may be performed by the vendor.

The outcome of the activities listed in this subclause should be part of a commissioning handover
document which outlines in more detail all the activities and checks performed. Where applicable,
values should be stated and signed. Finally, the handover document should be signed by both the client
and vendor representatives.

10.5 Start-up

The startqup should be a part of the commissioning. It is an extension of the final testing partof’the
commissipning activities. Start-up verification depends on applications (topside, subsea) as welbas the
purpose df the measurements (fiscal or non-fiscal) and the uncertainty requirements. If paossible, ane
task should be to compare the MPFM measurements against reference instruments if suchare availaple
(see 9.3.6)). This is usually a test separator/production separator. The purpose is.te -achieve some
verificatign of the MPFM. In some cases a reference system is not available and it is-neeessary to resprt
to system|material balance, physical WLR samples and pipeline/flow models.

For instahce, a pipeline/flow model together with pressure readings from-the wellhead and the
productiopn system can estimate the rates and GVF. WLR samples and model Tates calculations are pot
consideref very accurate; however, they might be the only choices. WLR and GVF are key parameters [for
any MPFM and give a good indication of the MPFM performance. If the WLR and GVF are not measufed
correctly,fit cannot be expected that the reported volume flow rates are very accurate.

Even if a reference system is available, comparing reference‘system and MPFM data can be involyed
(see 9.3.7.#4). In fact, if there is any deviation, it calls for some experience and expertise to analyse gnd
investigate the difference. Therefore, both the vendor and client should plan to have the necessary
resources|available during start-up.

11 Verification during operation

11.1 General

MPFMs’ verification/calibration during operation may be addressed in several ways depending|on
applicatiops and facilities available.

Main items to verify are:

— the sdnsors themselves;ysuch as differential pressure;
— the flyiid properties and associated parameters;

— the flpw calculations.

An MPFM|cannot easily be sent to a test facility for sensor and flow recalibration; yet there is a need for
regular surveillance and testing in the field to verily the meter performance. Calibration or veritication
of individual sensors is a simple and effective way to verify and validate parts of the MPFM.

In some installations, there is provision for checking the performance of the MPFM using a permanently
installed or portable test separator. In these cases, the flow test of the MPFM can be checked at regular
intervals, taking heed of the precautions and recommendations already discussed in Clause 9.

The purpose of Clause 11 is to provide some guidelines on how to verify meter performance in the
field during operation, assuming no test separator is readily available (in which case 9.3.6 applies). The
methods discussed are:

— baseline monitoring;

— self-checking / self-diagnostics capabilities / redundancy;
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MPFM data validation;

remote MPFM monitoring;

comparison with model-based multiphase flow calculations;
MPFM meters in series;

mobile test unit;

tracer technology;

2020(E)

injection;
sampling;
reconciliation factor;

geo-chemical fingerprinting.
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but it is recommended that the method of verification be considered-atthe design stage. Th
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selected verification method(s) are in place.

Buf before explaining these different verification methods-h.more detail, it should be note
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Figure 19 — Example of baseline monitoring

meter is a typical example of a reproducible state, and\the baseline parameters for this st

logged first at factory calibration, later at field commissioning, and at regular interv
. By plotting historical-trend plots for the baseliné“parameters (see Figure 19), it is possi
1ish between random deviations within (or outside) the tolerance band, or a systematic dr
s is within the tolerance band.
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s, e.g. control voltages, that are availdble by default, or could be made available on request
h more robust baseline monitoring.system. In a more comprehensive version, measurem
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In some cases, such as continuous use of MPFM for well metering or flow line metering, it may be
relevant to implement so-called virtual flow metering systems for MPFM verification.

Virtual flow metering systems, called VFM, are flow calculation systems using models and simple
sensors like pressure and temperature. They may be used to indicate some significant drift or error in

an MPFM

(see References [18] and [26]).

11.5 Two meters in series

Additional redundancy, allowing the possibility of diagnostics and verification, can be achieved by
installing two MPFMs in series. Typical applications for this method of verification are where the
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required measurement range is outside the measurement range for one MPFM only. An example of an
application using two meters in series is shown in Figure 20. The configuration is that a small ID MPFM
is installed in a bypass, and a ball valve and a larger ID MPFM are installed in the main line. The ball
valve is operated either fully closed or fully open; fully closed is the low range, and all flow then passes
through the small ID meter. The full multiphase flow in all cases passes through the large ID meter.

1

Key
high flow rate meter
low flow rate meter

Figure 20 — Example of an installation with two meters in series to provide an extended
measurement range for the installation

Fr¢om a flow map showing the measurement ranges. for these two meters, it may be observed that the
tugndown in flow rate for each phase has been increased depending on flow regime. In addition, there
is gn overlapping range that can be used for verification. It is worth mentioning that while bath meters
ar¢ operating within their specified range.in'this region, one operates in the upper range and one in
the lower. This further means that while\flow rates are the same for the two meters, flow|velocities
ar¢ different, giving an added dimension to the verification in comparison with the case of jusing two
idgntical meters in series.

Verification by two MPFMs in.parallel can only be achieved in very stable conditions, as these tests
myst be performed in sequence.

11,.6 Mobile test units

Sirhilar possibilities-for diagnostics and verification as described above can be achieved using mobile
teqt units. The‘mobile test unit could be, e.g. a skid- or truck-mounted MPFM (or meters), qr a tailor-
mdde test package e.g. using partial separation and including facilities to obtain fluid samples.

1]|.7 Tracer technology
Tracer techno 0gy WOrKS DYy Injecting small volumes oI tracers at are selective to oil, water or gas

phases. These tracers could be dye tracers, but could also be other types of material, e.g. fluorescent
or radioactive tracers. By injecting these tracers at known rates, and by analysing a sample of the
multiphase flow sufficiently far downstream of the injection point, the individual phase flow rates can
be determined by measuring the dilution of tracer in the sample.

A specialist company would typically deliver the tracer method for verification of MPFM performance as
a service. The use of this technique requires that suitable points for injection and sampling be included
in the installation.
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11.8 Injection

Similar to the tracer technology, this method works by injection into the flow line, but in this case the
injection is of a higher volume, and the injected medium is oil, water or gas. An example is the injection
of water into the flow line, which would verify whether the meter responded correctly to the change in
WLR and water flow rate. Care should be taken to make sure the injection does not alter the production
conditions, e.g. pressure, in such a way that the production itself changes, thereby invalidating this
method of verification, e.g. lift gas cannot be used to validate the meter. Moreover, it is important to note
that the fluid properties of the injected fluid should be similar to those of the corresponding process
fluid, and definitely within a range such that the fluid properties of the combined phase are within the
tolerance pand specifited forthe MPFM:

11.9 Sampling

11.9.1 General

Represenfative sampling in a multiphase flow is difficult and requires that rigorous procedutes
are followed. The method is not recommended for verification of the gas fraction measurement
performance. On the other hand, if a well-designed procedure is followed, sampling and offline analyjsis
of the WLR can be a method for tracking the performance of an MPFM.

11.9.2 S3mpling for information about WLR

Obtaining|a representative liquid sample is by no means straightforward, and the complexity may vary
between gpplications. Issues to consider are as follows.

— The spmpling point should be in a vertical leg of thé(flow line: the best position is immediately
downfstream of a flow-line component that provides-a mixing effect.

— A number of successive samples (minimum 5) should be taken. Each sample should be allowed to
separpte completely before the WLR is measured. For some crude oils, this requires use of a fle-
emulgifier.

— All sajmples should be taken within a time frame where the WLR is stable, i.e. with variations less
than the uncertainty required for the‘verification.

— The spmpling point should b€ close to the MPFM, and the time frame for the samples should|be
selectled such that the samples are representative of the liquid passing through the MPFM durjng
the sqme time frame.

— Iftheifference betweén the highest and the lowest WLR of the samples obtained is greater than the
uncerftainty required for the evaluation, the verification test should be terminated, and a complgte
new set of samplés should be obtained.

— The ayerage'WLR of the samples should be used for the comparison with the MPFM.

11.10 Imbalances and reconciliation factor

Imbalance monitoring or use of reconciliation factor as a means of monitoring the quality of the data
from the MPFMs can be a useful method. An example of the method is shown in the field layout in

Figure 21:

— three satellite fields are commingled into a common transport pipeline to a processing facility;
— each satellite produces a number of wells, in this example 5 wells per satellite;
— each satellite has an MPFM to measure continuously the total production for that satellite;

— the measured production from each satellite is converted to rates at the same conditions as the
measurement conditions at the processing facility;
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— atthe central processing facility the total production is separated and measured to a high standard.

W1
W2
W3
W4
W5 W6
W7
x { S2 W8
\‘Y\‘Wg
W10
W11
W12
W13

w15 W14

4

Key
1 | central processing facility

Figure 21 — Example of a typical field layout

The flow rates measured at the central processihg facility should be directly proportional to the
saflellite production, and a reconciliation factor, Ffor each phase can be calculated as:

qphase,central

F=

2 i=1 qphase,satellite (converted)i
where

@phase,central is the-phase flow rate at the central platform;

Ophase satellite(converlS) te phase flow rate at satellite i (converted to central platform condlitions);
ed),i

N is the number of satellites.

Iddally the re¢onciliation factor should be equal to 1, and a reconciliation factor close to 1 gives an
adfled confidéence in the accuracy of the meters and the corresponding PVT conversions.

the uncertalnty spec1f1cat10ns for the central process facility metermg and the satelhte MPFMs Based
on this a tolerance band can be established. In addition to monitoring for adherence to the tolerance
band, monitoring the reconciliation factor is recommended for early detection of systematic drift, even
if it is within the accepted tolerance band.

If all the wells of the satellite are measured by MPFMs as well, then a similar system of reconciliation
factors may be established for each satellite, which in turn makes it possible to identify which satellite
has a measurement problem if a deviation in the reconciliation factor for the central processing facility
is detected. This enables detection of inconsistencies and may form a basis for initiation of further
verification procedures. Ideally, this should be carried out for gas, oil and water flow rates on a volume
or mass basis, depending on the application.
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11.11 Geo-chemical fingerprinting

According to Reference [47], geo-chemical fingerprinting technology used for verification of MPFMs
has a limited application, but it is worthwhile mentioning as it can be an efficient method if the
conditions are right. The method can typically be applied in allocation measurement, where the MPFM
measures several individual wells or reservoirs, which are later combined and measured. The limiting
factor for this method is that it can only be used in applications where each stream has a characteristic
composition, or geo-chemical fingerprint.

Using the same example as above (Figure 21), the oil produced at each of the satellites S1, S2 and S3 is

therefore nnnnnnn dtabhavn o chowontanictin g il fi gt Lo thic o ntbh o d 0 o o lind
p\dull CetoTave-a-tratracterIsteg¢co €ReHcar qu,\,n POt e ot tappricas

11.12 Sybsea systems verification

In subsed applications for which access to equipment is difficult, specific procedures can |be
implemenlted on a case-by-case basis. Such procedures depend on measurement quality requiremerts.
Some altefnatives may be:

— injectfion of specific fluids in the meter for verification (for example, methanol);
— test /|calibration “by difference”;

— test by permutation (several well configurations tested in sequence);

— test by perturbation (choke changes) using topside measurements as described in Reference [21]];

— remote MPFM monitoring (see Reference [24]);

— in-ling fluid property verification (e.g. during meter shut-in);
— data yalidation using redundancy (see Reference [25]);

— comphrison with flow models.

Sensor angl system redundancies also offer possibilities for cross checking and validating measurements.
If requireql, compensation for changes:in fluid properties should be managed through subsea sampling
or direct qneasurement of fluid propeftties.
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Annex A
(informative)

Multiphase meter technologies

A.[l General

Thijis annex has been included in order to provide the reader with a general background ‘on‘the different
tedhnologies and concepts in use in MPFMs available on the market. It is not the intention tp cover all
tedhnologies or aspects in detail, and the reader is referred to other literature for more information on
the different subjects.

In Llause A.2 an overview of the main categories of MPFMs is provided; in Clause A.3 the most ¢ommonly
us¢d measurement principles in MPFMs currently available on the market are briefly deqcribed; in
Clduse A.4 some guidance on selection of technology and maintenance requirements is provided.

A.l. Meter categories

A.2.1 General

The following main categories can be applied to MPFMs and are briefly described in the|following
clauses:

—| in-line meters;

—| separation-type meters:

— | full two-phase gas/liquid separatieh;
— | partial separation;

—| separation in sample line;

—| wet-gas meters;

—| other categoriesiof MPFMs.

Wgt-gas metersiare a subset of MPFMs but are covered in ISO/TR 11583 and ISO/TR 12748, and are
only briefly’described in Clause A.2.

A.2.24 In-line meters

In-line MPFMs are ones in which all the measurements of the individual phase fractions and total or
individual phase flow rates are performed directly in the multiphase flow line without separation (see

Figure A.1).

The volume flow rate of each phase is represented by the phase area fraction multiplied by the velocity
of each phase. This means that a minimum of six parameters must be measured or estimated, although
in fact only five parameters must be measured as the sum of the phase area fractions is 1.

In-line MPFMs employ a combination of two or more measurement technologies and techniques, for
example:

— electromagnetic measurement principles;

— microwave technology;
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— capacitance;
— conductance;
— infrared;
— gamma ray densitometry or spectroscopy;
— differential pressure using Venturi tube, cone meter or other restriction;

— ultrasonic;

— crossijcorrelation of electromagnetic, radioactive or ultrasound signals (to calculate flow velocitigs);
— opticql attenuation;

— magngtic resonance (no combination with another technology required).

e A

Key
1  multiphase

Figure A.1 — Design (in principle) of in-line MPFM with mixer (optional)

A.2.3 S¢paration-type meter systems

A.2.3.1 (General

Separatiop-type MPFMs are a class’of MPFMs characterized by performing a complete or partial
separatiof of the multiphase stream, followed by in-line measurement of each of the three phages.
The test peparator, which ig-found on nearly every production platform, is basically a two-phgse
or three-phase separationztype metering system. It separates the three phases and carries out flpw
measurenments of the oil,)water and gas outlets. Separation utilizing three-phase separators is not
described| further in.this document and is only mentioned in this subclause to make the overview
complete.

A.2.3.2 Full'two-phase gas/liquid separation

This type of meter system is characterized by its separation of the multiphase flow, usually a tull
separation to gas and liquid (see Figure A.2). The gas flow is then measured using a single-phase gas-
flow meter with adequate tolerance to liquid carry-over, and the liquid flow rate is measured using a
liquid flow meter. An online water fraction meter may determine the water liquid ratio.
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Figure A.2 — Design (in pringciple) of a separation type meter system

A.2.3.3 Partial separation

Thiis type of meter system is characterized by separating only a part of the gas in the multighase flow

se

flow meter.

inis a secondary measurement.loop around the main loop through the MPFM (see Figure A.3)| Since the
aration is only partial, it should be expected that some liquid will travel with the gas through the
se¢ondary measurement leop, which then calls for a wet-gas measurement. The remaining
strleam then has a more_optimal GVF range and thereby operates within the designed envel]

nLultiphase
pe of the
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Figure A.3 — Design (in principle) of a partial separation with a secondary measurement logp

A.2.3.4 S$eparation in sample line

This type|of meter system is characterized by the fact that separation is not performed on the tgtal
multiphade flow, but on a bypassed sample flow (see Figure A.4). The sample flow is typically separated
into a gas pnd a liquid flow, in which the water liquid ratio of the liquid sample stream can be determined
using an ¢nline water fraction meter. Total (gas and liquid) flow rate and GVF should be measured in
the main 11)0w line, and assuming the-bypassed sample flow is representative of the main flow, the waler
liquid ratip is based on the by-pass measurement of this parameter.
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