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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
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Introduction

Hydrocarbon gas and condensate from onshore or offshore concessions is often transported by shared
pipelines to shared main treatment facilities. The concessions are often owned by or licensed to a number of
oil companies. At the main treatment facilities, the gas and condensate are processed to sales speC|f|cat|ons
The gas is sold to shi

(joules), a
or tonnes)
allocated hQack to the individual concessions and, ultimately, to the individual reservoirs or wells, as’illustrated
in Figure 1[.

When gag from two or more entry sources (e.g. two or more different companies) is,\Commingled gnd
processed| in a common pipeline and terminal system and the sources have different ‘6wnership and/or
operate urlder different tax regimes, then a gas allocation system is required. It is nece$sary that the allocafjon
system provide a fair, equitable and auditable means of sharing out the products from\the system to the entry
sources arnd to the associated partners, recognizing the specific delivery requirements of each participant.

| A1{'>
5 P

Onshore

l

ncession A

Fiscal Metering

........ Concession B . Gas
Concession C -MT ($)
([“l - m3
C Condensate

D T ®
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Figure 1 — Offshore gas distributions
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Natural gas — Upstream area — Allocation of gas and

condensate

1| Scope

Th|s Technical Report describes the production measurements, in terms of both hardware and pfrocedures,
thdt can be used to allocate the gas and condensate back to the individual concessions;-reservoirg and wells
in a fair and equitable way. The objective is to give an approach that is recognized to’be current bgst practice
angl that has a wide support in the oil and gas industry.

2 | Normative references

ISQ 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circllar cross-
segtion conduits running full — Part 1: General principles and requiréements

ISQ 5168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

ISQ 6974 (all parts), Natural gas — Determination™~of composition with defined uncertainly by gas
chfomatography

ISQ 6975, Natural gas — Extended analysis —Gas-chromatographic method

ISQ 6976:1995, Natural gas — Calculation-of calorific values, density, relative density and Wobbe |index from
composition

ISQ 9951, Measurement of gas flow in closed conduits — Turbine meters

ISQ 10715, Natural gas — Sampling guidelines

3 | Economic aspects

3.1 Overview

3.1.1 AGeneral

Production measurements in the upsfream area, whether single-phase or mulliphase, have an economic
impact on the business. The implementation of production measurements costs money, but in return delivers
data that can be used in decision-making processes and in measuring the economic returns. Generally, it is
necessary to give the three issues described in 3.1.2 to 3.1.4 proper consideration to implement a cost-
effective measurement and allocation system.

© 1SO 2008 — All rights reserved
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3.1.2 Value of information

The decision-making processes that use production measurement information are those associated with
production optimization or reservoir modelling. Figure 2 indicates, schematically, the effect of measurement
accuracy on the uncertainty band of the ultimate recovery from a concession (i.e. total production over field
life). With poor accuracy in the measurements, the uncertainty band and associated risk exposure stay
relatively large. With better and more accurate measurements, the uncertainty band and associated financial
risk are reduced. The assessment of the value of information is the most difficult part of designing an
allocation system and it is probably for that reason that it is rarely done properly, if at all. As an example, the
difference between product|on aIIocatlon (i.e. aIIocatlon of fluids from a production faC|I|ty to the individual

wells) and
allocation,
and risk in

company, fthis is less obvious as complex reservoir modelling and petroleum economics are involved. This is
often why [ in general, the requirements for sales allocation are higher than the requirements for production

allocation.

3.1.3 Hafdware costs

Capital expenditures for production facilities, test separators, test lines, multiphase flow meters, etc. can all|be
assessed felatively easily. It should also be noted that the higher the accuracy requirement for a particylar

meter, thelmore expensive the meter hardware. This is the easiest part in the total cost estimate.
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Figure 2 — Cost treatment of metering
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Preparation and implementation of procedures and guidelines to keep the production measurement
equipment in good shape (maintenance, verification and calibration) and to ensure that readings are reliable
and within the original specifications require sufficient and consistent dedication during the operations phase.
These costs are often underestimated, especially with new technologies such as multiphase or wet-gas flow

metering.

3.2 Uncertainty and costs

With respect 10 uncertainty and COSts, twWO exireme cases are consiaered.

—| One extreme is a production system with very high accuracy in production measuremen
increased hardware costs and intensive operator involvement, the project and operating 'Costs
but with more and better information, better reservoir management and productiomoptimizat
carried out. Consequently, the uncertainty band in the ultimate recovery decreases, giving a lo
in project and operating risks (see Figure 2). Realizing that the value of the qil in.the ground is
can also conclude that at a certain cost level the development becomes economically unattract

—| The other extreme is a poor accuracy in the production measurements-er production is not m
all. Poor reservoir management, sub-optimal production optimizatien‘and potential loss of revenue are the
result. Consequently, the uncertainty band in the ultimate recovery stays large. The develo

unwittingly become unattractive from an economic and risk point of view.

Somewhere between the above two extremes there is an optimum acceptable uncertainty, with the
costs for the measurement and allocation processes. Thistis illustrated in Figure 3, in which costs (

ts. Due to
are higher,
on can be
ver spread
imited, we
ve.

pasured at

bment can

Aassociated
n arbitrary

units) are plotted against acceptable uncertainty. Thisyoptimum can well be different for each individual

hydirocarbon development. It can well be the case that, for a particular development, an accuracy

gas flow rate is sufficient while in another development a 2 % accuracy is required.
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Figure 3 — Costs related to uncertainty
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3.3 Allocation system overview

It is not unusual to take between one and two years to negotiate all the terms of a gas and condensate
allocation agreement. A wide array of skills is required to understand the diverse topics in the development of
an allocation system. To successfully conclude an agreement, it is good practice to form a team with expertise
in the following:

— commercial negotiation;

— gas legislation;

— gas mlarketing;

— measfirement and allocation;
— produgtion operation;

— IT.
Besides tHe preparation of the commercial agreement, it is necessary to develop the business processeq to
manage the day-to-day operation of the agreement. It is imperative to establish responsibilities and ownership
for the follpwing:

— hydro¢arbon stream meter data;
— hydro¢arbon stream analysis;
— produgtion forecast information;
— allocation system operation.
Development of the business processes requires a review of almost all departments within a gas production

organizatign to ensure that the workload associated with the operation of the allocation system can |be
performed|adequately and to identify whether additional personnel or external resources are required.

3.3.1 Oveprall scope of an allocation agreement

Figure 4 gjves an overview of the major;issues that feature in a gas and condensate allocation agreement.
These isslies are discussed separately in the following subclauses. One party or department should [be
charged wjith overall responsibility, fof producing the agreement, but the party or department may vary frbm
company {o company. It is ofcutmost importance that all parties or departments involved in the agreemgnt
ensure thgt the issues affecting them are properly and adequately dealt with in the agreement.

3.3.2 Repervoir perfofmance

Reservoir performance data are required to assist in the forecasting of production to the operator of the gas
treatment facilitie's. Long-term forecasts issued are likely based partly on the technical view of the reseryoir
potential and-partly on the commercial view of possible future business. Shorter-term forecasts likely hav
more techmi i i i i i i i ’
shutdowns, etc.

In addition, reservoir engineers provide an overview of the differences in composition of the fluids from the
reservoirs covered by the allocation agreement. Reservoir engineering departments are normally responsible
for the initial sampling and associated fluid analyses. Specific analytical requirements regarding gas quality
should be discussed with the reservoir engineering departments to ensure provision of the appropriate data.

4 © 1SO 2008 — Al rights reserved
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3.3.3 Project specifications

Di

gcussions are required with the project team to ensure that

Figure 4 — Issues that feature in'a gas and condensate allocation agreement

—| the necessary metering,devices are provided to the specified uncertainty levels,

—| sampling systems are.installed to obtain adequately representative gas and condensate samplgs,

—| acceptable andhappropriate analyses of the gas and condensate samples are performed,

—| the required data are captured and transferred to a central IT system and an adequate production-

measurement management system is in place (see ISO 10012).

Parties “involved in these discussions include the metering and IT departments and, where apprqpriate, the

operator of the gas treatment facilities

3.3.4 Operations/gas-trading and coordinating group

A review of the allocation agreement should be made with the parties involved with the agreement to ensure
that they understand and appreciate the implications of the agreement on their day-to-day duties and to
ensure they have the opportunity to feed back potential problems or conflicts with existing agreements and
associated operations.

The gas-trading group should ensure that the allocation agreement complies with gas marketing and reporting
requirements for entry to the gas distribution network from the gas treatment facilities.

© 1SO 2008 — All rights reserved
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3.3.5 Metering requirements

Appropriately qualified and experienced metering engineers should be responsible for specifying and selecting
the individual meters and associated equipment. When operations start, they should be responsible for the
validation of metering data.

The validated meter data should be made available to the hydrocarbon accountants to run the allocation
calculations and generate the allocation reports. It is necessary that the validation process for the metered
data be performed independently of the allocation calculations. There is a tendency to use allocation
processes as a check on the quality of the metering process. Balance factors or reconciliation factors can be

used’ with care, to hlghllghf pncclhln mnfnrlng prnhlnmc Idnnlly, limits-to-these factors-should-be set based.on

sensitivity ptudies with the intrinsic uncertainties of the individual meters as input.

3.3.6 Laboratory requirements

Pressurized samples of gas and condensate are sent to a laboratory that has been selected\for the shafed
pipeline system. The selected laboratory should have appropriate, acceptable accreditationt.

Procedurep should be developed for

— contrdl and maintenance of the sample vessels,

— transgortation of pressurized sample vessels between the productionfacilities and the laboratory,
— receipt and validation of the sample fluids,

— conddcting and reporting of the analyses.

3.3.7 Commercial issues

The commercial group should review the allocation agreement for consistency with other agreements.

3.3.8 Legal issues

In general, the allocation agreement is ‘written by the responsible allocation personnel, with the meterjng
section of [the agreement produced by\the metering engineer and the commercial issues dealt with by the
commercigl department. A review by the legal department is required to check for consistency with other
agreements and that the liability clauses are appropriate and acceptable.

3.3.9 Tax issues

In some jurisdictions, the'tax and royalty implications associated with a field and/or a party can have the mjost
dominant [mpact on.the revenue from an allocation system. A review is essential at the early stages of a
developmegnt to-ascertain any tax implications and incorporate the appropriate mechanisms within the
allocation proCedure.

Customs duties can be particularly relevant when gas and condensate from a development is produced into a
shared pipeline in one country and entitlement to blended gas and condensate is received in another country.

3.3.10 Statutory requirements

It is essential at an early stage in a development to undertake a review of the statutory requirements and seek
the necessary approvals from the appropriate governing bodies.

6 © 1SO 2008 — Al rights reserved
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3.3.11 IT systems

The development of an IT system to perform the allocation procedure can take a significant period of time to
implement, test and hand over to the responsible department. Because of tight development deadlines, it can
be necessary to start the IT system design before the commercial agreement is finalized and strict project
management is required to control the IT vendor and minimize change requests.

The software should be developed in a structure suitable to the application, with particular attention paid to the
ability to modify/expand the system whilst maintaining the capability to revert to rerunning a pre-modification

allocation.

3.3.12 Overall metering system

The entire process of metering and allocation (the metering hardware, the algorithmsi/used| the data
trahsmission and storage systems) should be covered by an adequate managemeént process (see
ISO 10012).

4 | Allocation from different viewpoints and terminology

4.1 Physical system

Th|s Technical Report is intended for use in the measurement and allocation of natural gas and corjdensate in
mylti-user pipeline transportation systems.

Sugh a system is typically comprised of production facilities; pipelines, reception facilities, processing facilities
ang sales points. Each of these elements can be represénted in the allocation system described in 4.2 to 4.5

(s8
4.4

4.2

Th
SO
Fig

e Figure 5 for an example of a typical system).
) Gas/condensate system overview

.1 System diagram

irces, sinks (gas used for fuel-flare, vent, gas lift, injection gas, etc.), as well as flow paths of pr|
ure 5.

b physical system can be represented as a single-line nodal diagram, representing all the (production)

bduct. See
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6 — Allocation system diagram

A supporting table (Table 1) developed from the system diagram (see Figure 6) describes what each node in
the system represents, what the name of the producing field asset can be, the equity ownership interests, etc.
It can further describe any product processing, calculations, simulations, yield factors, etc., as well as the
allocation protocol for the node concerned.

The system description table (diagram) can look something like Table 1:
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Table 1 — System description table

Node no. Process

function

Equity
ownership

Allocation
protocol/function

Comments

Other information can be provided, such as the following:

a)

b)

c)

d)

422 Al

This is the|
(e.g. sales
allocation

source: Any product feed entering a system node; this is generally a production

stream coming from one or more wells or production facilities.

bcation process

brocess flow chart.)

sink: Any product feed leaving a system node; this is generally gas and condens
sales streams but also water disposal streams, flare gas flows, blow-off gas, etct

process by which a quantity of hydrocarbon gas and hydrocarbon condensate, measured at a §
point) is allocated to one or more contributing sources. (See Figure 7 for an example of a typ

ate

node: Any point in the system defined for the purpose of quantifying the-glantity and
quality of product passing through it.

commingling: Combination of product streams from two or more~wells or production
facilities into a common separator, pipeline or tank.

reconciliation: The process of dealing with any quantity imbatlance between sources and
sinks; possible phase changes between the gas and condensate phase can be taken
into account as well. Reconciliation can take place‘at any node in the system and is
usually done at agreed periodic intervals.

ink
ical

10

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=c7fb1954799bd9657dc6a554e2c489be

START
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Y

CAIIocation period)

Y

End of allocation period
Data input

¢

No < alidation

A

OK?

Yes

Allocation for the period

Trial
Allocation
Record

Report
Log

No Checks
OK?
Yes
No
Final
Yes

Final
Allocation
Record
Report
Log

a Checks here also include the sub-process of reconciliation, or system balance, i.e. what is reported as being
delivered with what has actually been received. This is usually done periodically and at agreed-upon intervals.
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4.3 Physical system terms

4.3.1 Fluid definitions — General

Some definitions are given below for single-phase fluid streams (e.g. gas, water and liquid streams) and
multiphase fluid streams (e.g. wet gas streams and multiphase streams). Unlike the downstream and transport
and distribution businesses, for the upstream area it is not the case that all fluid streams are properly
conditioned to a single phase or indeed stay in a single phase over a large range of pressure and
temperature. In the upstream area, the fluids are often unstable, and any pressure and temperature change
(even a Ap in a measurement device or over a valve) can cause a phase change and change a single-phase
fluid into gmuttiphase fturd—Accordngty, attdefinitions betow shouldbe Teferredto the operation rangey of
temperatufe and pressure that occur in the system under consideration.

4.3.2 Definitions for fluids

4.3.21
equation ¢f state
EoS
mathematical expression that relates the composition, pressure and temperature of a-fluid

NOTE For an ideal gas, the equation of state is the ideal gas law. More complicated equations of state have bgen
developed jo model the behaviour of actual gases over a range of pressures and temperatures, e.g. Benedict, Wgbb,
Rubin (BWR equation) and Soave, who modified Redlich & Kwong's equation (SRK.€quation).

43.2.2

dry gas
treated ggs
clean dry gas (not necessarily only hydrocarbons but may ceontain other components such as CO,, N, e}c.)
where no |liquid is present and no liquid condensation s\ expected over the expected normal operafing
temperatufes and pressures at the metering point

EXAMPLE Gas with a dew point of — 5 °C that is measured under conditions between 5 °C and 10 °C.

4.3.2.3
equilibrium gas
(separated at dew point) dry gas at its dew. point but without the presence of liquid condensation (typically gas
at the outl¢t of a properly functioning separator)

NOTE Any change in temperature‘or pressure can cause a change of state of the gas towards a dry gas or a et
gas.

4324
wet gas
(two- or thfee-phasg) any mixture of gas and up to about 10 % by volume liquid hydrocarbon and/or water

NOTE The{ mass ratio of gas to liquid varies significantly with pressure for a constant gas volume fraction] A
convenient parameter to indicate the wetness of the gas is the Lockhart-Martinelli parameter (see 4.3.2.15).

4.3.2.5
single-phase hydrocarbon liquid
liquid at a pressure above its equilibrium pressure (bubble point)

EXAMPLE Liquid below the level of the outlet of a separator where static head (or booster pumps) increase(s) the
pressure above the equilibrium pressure.

NOTE The hydrocarbon liquid can contain traces of water.

12 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=c7fb1954799bd9657dc6a554e2c489be

ISO/TR 26762:2008(E)

4.3.2.6
single-phase water
water with a pressure above its equilibrium pressure (bubble point)

NOTE Some traces of liquid hydrocarbons may be present.

4.3.2.7

equilibrium liquid

separated liquid at bubble point

hydrocarbon liquid at its equilibrium pressure and temperature, which does not contain any gas

NJTE However, any further pressure or temperature change can cause gas to be released. True equilibrium liquid is
very rare in gas-condensate processing as the dynamic nature of the processes does not allow sufficient-time for liquids to
regdch equilibrium conditions.

43.2.8

gapsy liquid
(twfo or three phases) any mixture of hydrocarbon liquid and water at a pressure below its equilibrium pressure
(bubble point) and where gas is present in the liquid mixture

NQTE This typically occurs inside a separator or where the liquid is exposeddo.a’pressure reduction, e.g.|cavitation.
4.3.2.9

gap-oil ratio

GOR

rat|lo of produced gas flow rate to the produced oil (condensate) flow rate

NQTE GOR is generally measured in standard units, ef@s cubic metres per cubic metre (standard cupic feet per
barrel).

4.3.2.10

gak-condensate ratio

GGR

rat|o of produced gas flow rate to the produced condensate flow rate

NQTE The GCR is generally measured in standard units, e.g. cubic metres per cubic metre (standard cybic feet per
barrel).

4.3.2.11

gap-liquid ratio

GLR

ratlo of produced gasflow rate to the produced total liquid flow rate

NQTE ThetGLR is generally measured in standard units, e.g. cubic metres per cubic metre (standard cybic feet per
barrel).

4.3.2.42

watercut

ijatlo

WLR

volumetric fraction of water in the total liquid stream (water plus liquid hydrocarbons), with both volumes
determined at the same pressure and temperature

4.3.2.13

water fraction

volumetric fraction of water in the total fluid stream (water, liquid hydrocarbons and gas hydrocarbons), with
both volumes determined at the same pressure and temperature

NOTE Water fraction is often used in wet-gas applications.
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4.3.214

gas volume fraction

GVF

ratio of produced gas flow rate to the produced fluid (gas plus liquid) flow rate

NOTE The GVF is generally measured under actual conditions, e.g. cubic metres per cubic metre, and expressed as
a fraction.

4.3.215
Lockhart-Martinelli parameter
X

dimension|ess parameter, useful in the analysis of multiphase flow, that is expressed as given in Equation ([l ):

v & F (1)
@y \ Pg
where
O, igthe liquid volume flow rate at line conditions, expressed in cubic metres-per day;
Qg i the gas volume flow rate at line conditions, expressed in cubic metres per day;
o igthe liquid density at line conditions, expressed in kilograms _per cubic metre;
Pyg ig the gas density at line conditions, expressed in kilograms per cubic metre.
4.3.2.16

multiphasie fluid
(oil and gals production) mixture of the three phases: liquid hydrocarbon, water and gas

NOTE Almost all fluids encountered in oil and.'gas production are multiphase fluids. There are broad categorie$ of
multiphase [fluid, e.g. wet gas (4.3.2.4) where the GVF is typically > 90 %; fluids from a wide range of oil wells whiere

5 % < GVF k 90 %; and the low-GVF, “gassy: oils”. It is important to realize that “multiphase fluid” is not a well defifed
substance.

4.4 Definitions for allocation systems

NOTE See Annex D for listsyof letters for 3-letter abbreviations.

4.41 Allpcation principles

4411
mass conjponent
total masg[of a single chemical component within a stream, the total of all components being equal to the tgtal
mass delivered by that stream

4.41.2
energy

(gas/condensate allocation) heat energy released when the gas or condensate is subject to combustion under
specified conditions

NOTE Energy may be expressed per unit mass, per unit (standard or normal) volume or per mole, at various
reference temperatures and pressures, with or without the condensation energy of the water vapour formed during
combustion. Reference can be made to ISO 6976 for further information.
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4413
yield factor

expected returns of hydrocarbon liquids as a proportion of the potential liquids contained within a gas stream

4414
delivery point
final measurement point(s) where hydrocarbons leave a single allocation stage

4.41.5
source point

entnof-a-product-stream-into-a-single-allocation-stage
J Lud ~J ~J

NQTE Quantities associated with source points may be measured or derived.

4.41.6
allpcation point
any node in an allocation system to which product is allocated

441.7
components
individual chemical compounds within a product stream

EXAMPLES CH,, methane, also designated C,; C,H , ethane, also designated C,.

4418
lift gas
ga$ that is pumped down a well to assist in that well’s production

NQTE For the purposes of allocation, all the gas pumped down the well is assumed to be recovered V

praduction fluids. However, the lift gas can mix with the reservoir gas and can change its composition. This
volpme-based allocation.

4419
injection gas
gas injected into the field’s reservoir to maintain reservoir pressure

NQTE The gas is not specific.to*any one producing well, as is the case with lift gas, and the gas might

ith the well
can affect a

not appear

from production wells until, perhaps, years after injection has begun. The allocation of injection gas is usually different

from the allocation of lift gas.

4.41.10

utility gas

gas that is vented,-flared or burnt as part of normal operations

NQTE Utility gas includes the following:

— |vent/flare gas: It is necessary for all producing fields to have a means of maintaining a positive pressur
lines from the processing facilities to atmosphere under normal operating conditions and also to have

e in all vent

the capability to vent large amounts of gas in case of an emergency. At present, the method to do this
is to continuously vent gas to atmosphere. Relatively small quantities of gas can be vented into the
atmosphere un-ignited from some facilities. Usually, to make the gas safe, it is ignited on leaving the
vent stack, when it is known as flare gas. This gas is waste product but it is necessary to account for it
a) in normal operation, when there are usually small quantities and b) when large amounts are vented

during an emergency. The allocation for these two scenarios is usually different.

— fuel gas: Fuel gas used by the plant is usually provided from the gas extracted from the incoming fluids. The
allocation of fuel gas is usually driven by commercial or contractual considerations, so measurement
applications can be very varied. New European environmental laws require operators to calculate the
amount of CO, vented to the atmosphere; hence this requires the amount of CO, to be measured and

allocated. (A component-based allocation system seems to be suitable for this.)

© 1SO 2008 — All rights reserved
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— start-upgas:  Gas imported from other facilities to fill pipelines or equipment on facilities prior to start-up. Depending
on size and pressure of the system, these quantities of gas can be large [e.g. for a 300 km, 91.5 cm
(36 in) pipeline operating at 13 MPa (130 bar)] and should be taken into account in the allocation

process.
4.41.11

condensate-gas ratio

CGR

ratio of condensate to gas

NOTE The condensate-gas ratio can be expressed on either a mass or a volume basis.
4.4.2

attribution

process offcalculating a final quantity for each allocation point based on its assigned substitution and ‘allocated
quantities

443
substitutipn
process, in any system where nominations are used to target deliveries of products,\whereby the differefce
between target production (nomination) and allocated deliveries are reduced_through exchanges betwgen
allocation points

444
apportionment received at the allocation point
process ofpro-rating an allocated/attributed quantity where the same.ewnership exists for all sources

445
system bglance
performange indicator used to track the difference between the sum of all sources and all delivery points|for
an allocatipn system or single allocation stage

44.6
node
any origingting point to an allocation system or a point with two or more streams attached

447
stream
(allocation|modelling) line depicting the flow of product from a source node to a delivery node

448
validation
process oflperforming data‘checks

449
mis-measprement
process rgsulting in an erroneous quantity or quality value being recorded and entered into an allocatjon
system

NOTE The error in the value can be caused by faulty or incorrect equipment, incorrect configuration or correction
factors.

4.5 Allocation from a commercial viewpoint

4.5.1 General

Prior to entering into gas allocation system negotiations, it is important to understand the underlying
framework of commercial agreements (either existing or being negotiated) and the technical characteristics of
the production system, pipeline and terminal. For example, each system user’s perception of the local gas
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market influences the importance that party places on different aspects of the allocation agreement, such as
the following:

a) security of gas supply with the aim to sell gas on a long-term contract:
— allocation and attribution period set at a day,
— limited re-nomination with relatively long lead times,

— priority system for the attribution process,

— mechanisms for notified and system substitution,

— pipeline stock controlled by the pipeline system operator;

b) | flexibility of gas supply in a de-regulated system with the aim to sell gas on the spet'market:
— allocation period set at less than a day,

— relatively short re-nomination lead times,

— no priority system with the allocation process,

— no gas substitution,

— all nominations and re-nominations treated as firnt;

— linepack controlled by the system users,

— within a day production changes to supplement gas delivery.

The specific situations are never as clear:gut as outlined above and there are other issues that impact the gas
buyers and/or the system users, e.g. independence and capacity rights. However, unless a high-level analysis
is Windertaken and the main issues evaluated prior to entering into negotiations, then there is the likglihood that
thq allocation system will not fulfikthe system users’ requirements and objectives. In the extreme sifuation, the
popr quality of the allocation system can impinge on the operation of the offshore production facility pnd/or can
limjit the opportunity to sell gas;in the open market.
Allpcation agreementsCare commercial agreements with technical input and not the other way around.
Attempting to develop,a gas-allocation system in isolation has the potential to produce an allocatjon system
thdt does not fit either commercial or technical purposes. It is necessary to give consideration to the following

ISSUES.

—| Is thesgas being sold to single or multiple buyers?

—| dsythere one or are there multiple gas sales points?

— Is the gas being sold on a short-term or long-term contract basis?

— Is there a spot market available for gas sales?

— Are there penalties for under-delivery or off-spec delivery?

— Are there any restrictions in use of system capacity by a system user?

— How is the gas from the production system being used within a system user’s gas sales portfolio?

— What is the flexibility in the production system to respond to required changes in flow rate?
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— Are there any local statutory regulations/considerations with respect to measurement devices, reporting
and/or gas balancing?

4.5.2 Gas-allocation issues

To develop a gas-allocation system requires an understanding from a technical standpoint of all aspects of the
overall process design and operation, including the implications on the terminal product of variations in
processing conditions and gas compositions, and from a commercial standpoint of the gas sales agreements
and the overall commercial structure that has been developed.

By its ver
methods

nomination,
tax and re|ated commercial transportation, operating and processing system agreements. The various iss es
are further|explained in the remainder of this Technical Report.

4.5.3 Tecghnical issues

4.5.31 Measurement
Measurement includes metering and sampling and is required to establish the‘quantity and associated quglity
of the gaq exported from the production system into the pipeline and the, product leaving the terminal. [An
understandgling is required of the different types of metering systems, sampling installations and associafed
analytical fechniques. This information is required to ensure that the meter specified is correct for the service
and accuragcy and that the sampling installation is installed in the appropriate location.
The specification of metering and sampling equipment at eaeh’measurement point should be designed in
accordancg with applicable standards and local regulations;-although it should be noted that commergial
consideratjons can have an impact on this specification. For example, it may be agreed that a marginal field
may use a|standard of metering with a higher uncertainty\if the overall financial risk is mitigated. Measuremgnt
points incliide

— pipeline entry measurement point(s) for gas.ahd liquid,
— termirjal entry measurement point,

— termirfal measurement exit point(s)for gas and liquid,
— termirjal fuel gas,

— termirfal flare gas,

— liquid ptorage.

In addition, the ‘sampling systems are utilized to monitor the entry and exit streams to ensure that the
compositign-specifications are achieved.

4.5.3.2 Terminal product slate

The terminal product slate relates to the onshore processing of the commingled gas stream in order to ensure
that the sales gas and associated liquid product(s) meet the required specifications. In general, more liquid
products requires a more complex allocation procedure. An understanding of the terminal process design is
required to ensure that the developed procedures correctly reflect each field's allocated entitlement.
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4.5.3.3 Pipeline capacity

Pipeline capacity relates to the steady-state and transient operation of the gas pipeline. It is important to
ensure that the allocation mechanisms do not inhibit pipeline operation and vice versa.

4.5.3.4 System response time

System response time relates to the speed at which the offshore process, the pipeline and the onshore
terminal can individually respond to a required change in system throughput. An understanding is required
because of the necessity to ensure that the process reflects the dynamics of the system.

4.83.5 Gas sales agreement

The gas sales agreement specifies the gas specification at the re-delivery point, nomination pfocedures,
forpcasting and gas measurement required and, therefore, directly impacts the ,allocation process. An
unglerstanding is required to ensure that the allocation agreement enables the principles of the|gas sales
agreement to be applied or that the gas sales agreement can be negotiated to fit with the system's allocation
agfeement.

4.83.6 Commercial agreements

The commercial agreements relate to the transportation and processing agreements that specify, among other
things, capacity rights, specifications and system-wide capacity constraint procedures.

4.4.3.7 Statutory obligations

The statutory obligations relate to specific reporting reguirements, which can be technical (e.g. measurement),
thgt are necessary to incorporate into the agreements.

4.8.3.8 Tax implications

Processes should be developed for the tax implications that recognize those fields that are liable for specific
taxes and those that are not liable/"Consideration should be given to the most tax-efficient opgtion when
deyeloping the allocation procedures.

4.4 Commercial issues

4.8.41 Allocation

Allpcation is the procedure for sharing out the terminal's gas and liquid production between the participating
fields based on_ thé measured data. Allocation relates to the physical movement of fluids through thg system.

A geries of-mathematical equations has been developed to trace the physical flow of gas exported from a field
thrpugh the pipeline to the terminal. The procedures are used to determine each field's and the pssociated
sys$tem user's share of the terminal production (gas and liquids) based on the physical quantity of gafas entering
th p;pciillc.

4.5.4.2 Attribution

Attribution is the procedure for sharing out the terminal's gas production between the participating fields,
primarily based on nomination data. Attribution relates to the commercial movement of gas through the
system and can be independent of the measured input quantities.

A series of mathematical equations has been developed to establish each system user’s share of the gas

exported from the terminal. The procedures are based on the user's gas allocation, nomination and specific
substitution rights.
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4.5.4.3 Nomination
Nomination relates to the quantity of gas requested by a buyer from a system user for delivery from the

terminal. The aggregate nominations of all system users (from a field) are used to establish the field’s
contribution of production into the pipeline system.

4544 Substitution

Substitution is the mechanism that enables one user to lend or borrow gas (exported from the terminal)
to/from another system user to meet either system user's nominations.

The differgnce between a field's allocated and attributed quantities is substitution. Substitution is basically a
mutual self-help process that is controlled at the terminal by the terminal operator. The terminal operatof is
aware if a|producing area is having difficulties meeting the production targets and can find another operalng
area that dan contribute; and vice versa if a producing area has the ability to produce excess gasLimitatipns
may be imposed on the level of lending, borrowing and the payback period.

4.5.5 Allpcation issues

4.5.51 Units

Units relatg to the base unit of the allocation and attribution processes, for example component mass and/or
energy.

4.55.2 [Time period

The time geriod relates to the allocation and attribution calculations. Consideration is given to daily, hourly or
another allocation period. The allocation period might not be linked to the nomination period, e.g. quite offen
there exisfs an hourly allocation period but a daily. nomination period. In addition, there often exists
downstream gas transporters “balancing” periods. This\balancing period is the time frame within which fhe
downstream gas transporter can levy penalties for'imbalances between inflow and outflow, e.g. an hoyrly
allocation period but a balancing period of four tolsix hours. (This gives the gas time to travel from the input
point to the output point). The allocation periad is shorter as this enables the shippers to manage their
imbalance|positions within the balancing period.

4.5.5.3 [Forecasting

Forecasting is necessary to ensure that the lead times for provision of the data required by the gas sales
agreements and the productionZand planning targets for the terminal and platform operators are incorporated.

4.55.4 |Pipeline stock

Pipeline sjock relates to the use of pipeline stock to help achieve gas delivery. It is necessary to give
consideratjon torwhich commercial party controls the level of stock in the pipeline, e.g. the pipeline/terminal
operator of the'system users.

4.55.5 Existing systems

It is necessary to ensure that the system seamlessly integrates with existing gas-allocation systems and with
the existing procedure associated with existing downstream systems.

4.5.5.6 Data timing

Data timing is necessary to ensure that nominations and any potential re-nominations within the allocation
agreement coincide with the requirement of the gas sale agreements and operational requirements.
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4.5.5.7 Data flow and reporting

It is necessary to evaluate data flow and reporting to ensure that sufficient information is provided to check the
allocation and attribution reports prepared by the system operator. Where individual parties receive data, it is
necessary to check that all parties receive the same information at the same time. Business processes are
required for the terminal operator to advise the field operators to increase/decrease flow of production into the
pipeline system.

4558 Auditing
the event
within any

allpcation-agreement negotiations.

4.9.5.9 Fallback

A dletailed fallback plan is required to establish how nominations and data flow are provided in the|event that

thg normal communication processes fail or meter data do not exist.

4.6 Summary

The results from allocation calculations establish each participant's’ revenue from the systenl and it is

negessary to stress that a gas-allocation agreement is not a technical agreement. During the negotiation of an

allpcation, system users should be wary of statements that imaply that the allocation agreement |s purely a

tedhnical arrangement and, hence, should be developed by the technical departments.

In conclusion, when gas from two or more entry sources.are commingled and processed in a commpn pipeline

ang terminal system and the sources have different ewnership and/or operate under different tak regimes,

thgn a gas-allocation system is required. It is necessary that the allocation system provide a fair, eqpitable and

auglitable means of sharing out the products from the system to the entry sources and to the pssociated

partners recognizing the specific delivery requirements of each participant.

The following should be stressed.

a)| All allocation procedures are’ unique and are specifically designed for a given system|driven by
commercial considerations.

b)| For an allocation system, technical solutions are developed to meet the specific gommercial
requirements.

c)| There is no such’thing as a standard allocation procedure but there are standard elements/gpproaches
that combinete’produce the overall allocation system.

d)| As withCany other commercial agreement, allocation agreements are finalized as a result of hegotiation
and_compromise; therefore, it is not good practice to take an existing agreement and attempt {o modify it
without discussing the terms of the agreement with the personnel that negotiated it.

e) —Ht—ismecessarythat—amattocationfattributiom—systenm ot —be—devetoped—im—isotatiom—fronT the other
commercial agreements, e.g. transportation and operating agreements.

5 Quantity measurement for gas and condensate

5.1 Introduction

Quantities of gas and condensate may be expressed, allocated or sold in units of mass, energy of combustion
or volume at specified conditions of temperature and pressure. However, direct measurements are only
possible for mass (using a Coriolis meter) or volume at operating conditions, and then only for single-phase
fluids. For most measurements of mass, all measurements of combustion energy and all measurements of
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volume at reference conditions of temperature and pressure other than line conditions, direct measurement is
not possible and it is necessary that volume measurements at line conditions be combined with
measurements of other parameters depending on the composition or quality of the gas/condensate fluids.
Measurement of quality for gas and condensate is dealt with in Clause 6. Clause 5 deals with the
measurement of volume at line conditions and the direct measurement of mass, including quantity
measurement in terms of the different fluids encountered in gas/condensate applications, quantity
measurement in terms of the meter types available and the validation of the different types of meter.

Figure 8, the flow meter application matrix, summarizes the types of meters used in allocation metering
systems for gas and condensate. It should be noted that for multiphase and wet-gas measurement, the

technolog are
combining|different metering concepts (with different over-reading characteristics) to enable a direct gas-gnd
liquid flow fate measurement. More detailed guidance is given in 5.2.
eter Application Matrix Legend
YES +
NO -
POSSIBLE o
Liquids Gas Mult|-
. phase
o 0]
5 9
w | 2 | F g
w @ N\t
o O 3 = =] £
< 5 = = - =
o O o = | b 3
o 9 o 2 > 2 )
£ 5| £ S g £ S S
HI| ® o | & fal o | =
Cone + + 0 0 + + 0] -
Coriolig + + 0] - + - - -
Elbow 0 0 0 - + - - -
Magnetic = i 0 - - - - -
Multiphase - - - 0 - - 0 +
Orifice + + 0 - + 0] 0] -
Pitot (fveraging) - - - - + - - -
PD + + 0 - + - - -
Turbine + + 0 - + - - -
Ultrasonic i i 0 - + + 0 -
Venturi + + 0 0 + + 0 -
Vortex + + o) = + + 0 -
Wedge + + 0 0 + + 0 -

Figure 8 — Flow meter application matrix
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5.2 Quantity measurement by type of fluid streams

5.2.1 Dry gas (treated gas)

Dry gas is defined as a gaseous fluid for which there is no liquid dropout over the expected temperature and
pressure operating ranges at the metering point. Various devices are available to measure dry gas and some
methods are covered by International Standards or documents giving best practice. Gas from a three- or a
two-phase separator is usually liquid-saturated gas, just above its hydrocarbon dew point. When applying dry-
gas metering principles, care should be taken to prevent liquid drop-out due to pressure and temperature
fluctuations at the measurement point, resulting in two-phase conditions and corresponding difficulties in
mgasurmg the TIow.

Other parameters that are necessary to consider are correct meter sizing and installation fo prevent
unpecessary pressure drop and line insulation to maintain temperature in the system at\the” metgring point.
G4gs-conditioning devices installed between the measurement point and the separatof can change the
mgasurement conditions at the measuring point and possible effects from their. installation |should be
adgiressed.

Dry-gas flow measurement shall be performed using methods and standards, that are generally agcepted by
thg oil and gas industry and which shall be mutually agreed upon by the-parties having interests [n the gas-
trahsportation system (for example, gas shippers, partners in the field-development, field operators and
relevant authorities). The selection of the measurement method shall be on the basis of deronstrated
relfability and accuracy. The design of new installations or revision of existing installations shall also be
subject to the agreement of the above parties.

The following gas flow metering methods are used most ©often for single-phase gas flow rate measurement,
buf other methods are not excluded:

a

~

orifice plates;

b) [ turbine meter;

c) | multi-path ultrasonic meter;
d) [ Coriolis meters.

The gas quantities shall be displayed in the following units:

—| kilograms (tonnes),per/day, mass flow rate for allocation and hydrocarbon accounting gurposes;
—| standard cubic-metres per day, volume flow rate for capacity planning and hydrocarbon accounting
purposes;

—| gigajoules or terajoules per day, energy flow rate for allocation and hydrocarbon accounting|purposes.

5.4.1.1 " Orifice plate for gas flow measurement

Gas flow measurement for custody transfer (also referred to as fiscal metering) by means of differential
pressure devices shall be according to the relevant edition of ISO 5167-1 using a square-edge orifice plate
with flange tapings installed in a meter run. These documents give detailed guidance on design, installation
and flow computation.

5.21.2 Turbine meter for gas flow measurement

Gas-flow measurement for custody transfer by means of turbine meters shall be in accordance with ISO 9951.
Turbine meters should not be used where frequently interrupted and/or strongly fluctuating flow or pressure
pulsations are present. The turbine meter shall be of demonstrated reliability and accuracy. For each turbine
meter, a certificate of the calibration at a high pressure shall be available. The calibration data provided in the
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certificate shall include the error of the meter for at least six points over the whole range of the meter in
accordance with ISO 9951.

5.21.3 Ultrasonic meter for gas flow measurement

Multi-path ultrasonic flow meters offer extensive technical and economical advantages as compared to other
type of flow meters with respect to, among others, high accuracy, low pressure losses, rangeability (turn-
down), bi-directional flow, low sensitivity to dirt, trouble-free operation, reduced maintenance and calibration
costs.

The applig ; ; S.
Application of these meters shall be in accordance with field-proven installation practices. The ultrasonic_flow
meter shal be of demonstrated reliability and accuracy. The influence of chemicals on the epoxy transducers
should be|reviewed. The ultrasonic flow meter shall be calibrated in accordance with the manufactur
procedures. A certificate of the calibration of the ultrasonic flow meter at a high pressure shallkbé availaple
only if reqired by parties involved. The calibration data provided in the certificate shall include the error of the
meter for gt least six points over the whole range of the meter in accordance with ISO 9951

5.2.2 Eqn[JiIibrium gas (separated gas at dew point)

Equilibrium gas is defined as separated gas that basically has no free liquids,but’can develop a small liquid
content by|changes in process conditions or meter/pipe-work interaction. Any(process changes of the gas ¢an
cause a shift in the definition of the gas as wet or dry. These changes can-affect the GOR, GCR, the Lockhart-
Martinelli parameter and the gas and liquid properties. Near critical conditions, small changes can cause lafge
variations |in the liquid and gas fractions and in the fluid properties.” Care should be taken in the meter
selection o as not to cause additional impact on the line process ¢onditions.

The measfirement devices that can be used for equilibrium gas are similar to the devices mentioned for fdry
gas applicgtion. However, in the design, care should be taken that as soon as liquids start to form (e.g. dug to
pressure drop in the meter), the effect on the reading should be established.

Ultrasonic |meters are increasingly being used for this-service and the following comments are relevant.

— At prgsent ultrasonic meters are not suitable for measuring gas above 0,5 % LVF as the units proddice
unstable readings.

— Care $hould be taken in systems.subject to carry-over or liquid entrainment when the ultrasonic meter is
poorly located. If the meteris too close to bends, valves or other obstructions, the resulting
swirl/thrbulence can seriously.affect the accuracy of the mathematical techniques used to find the velogity
profilg and, therefore, the'\flow rate.

— If the pperating temperature is too high, there is a question mark over the strength of the bonding matefial
used |n the manufacture of some ultrasonic transducers. Testing has shown the transducers can fai| at
tempgratures_in\excess of 150 °C or when there is a sudden pressure fluctuation (a common occurrence
in progluction-pipelines).

— Otherlinstallation parameters or concerns that are necessary to consider are that signals read hy the

meter are very susceptible to background noise from other components in or close to the line on some
designs.

— Work is underway to develop ultrasonic meters for wet gas above current norms.

5.2.3 Wet gas (high-GVF, multiphase fluids)

This term is used to denote a natural gas flow containing a relatively small amount (up to about 10 % by
volume) of free liquid. There are presently few techniques available that can measure this type of fluid regime
to a high degree of accuracy. The phenomenon occurs in several ways, for example the following.
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Over time as dry natural gas wells age, changes in flow conditions, including a reduction in line pressure,
can result in the heavier hydrocarbon gases condensing in flow lines and transportation pipelines.

Production wells for gas condensate fields usually have wet gas flow.

The quantity of lift gas injected to increase production from many oil wells brings them to flow
that can be termed wet gas.

conditions

Many gas wells worldwide are now approaching these latter stages of their production life and wet gas
metering is becoming common. Current trends indicate approximate ranges of liquid/gas ratios found in most
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There is a tendency to assume that gas is the dominant component in wet gas. This can be true in volume
terms, but it is not the case in mass terms. If the multiphase compositions are displayed as mass fractions,
rather than as volume fractions, a very different picture emerges. Figure 10 shows mass fractions for gas
densities at the measuring point of 10 kg/m3, 50 kg/m3 and 200 kg/m3 [corresponding very roughly to 1 MPa
(10 bar), 5 MPa (50 bar) and 20 MPa (200 bar)], oil density of 600 kg/m3, (corresponding to a very light
condensate) and water density of 1 050 kg/m3 (corresponding to very saline produced water). At a low gas
density of 10 kg/m3, a 10 % oil volume fraction corresponds to about an 85 % oil mass fraction. At medium
pressures, with a gas density of 50 kg/m3, it corresponds to about a 55 % oil mass fraction and at high
pressures, with gas density of 200 kg/m3, it corresponds to some 25 %.

Gas
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Water density 1050 kg/m? 909/~

Oil density 600 ka/im? 80
7
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Figure 10 — Multiphase fraction triangles showing liquid volume fraction lines
at three gas densities pressures
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Since the measurement of wet-gas has a greater uncertainty than that of treated (dry) gas, those parties that
have an interest, e.g. joint operators and government authorities, shall approve the design and construction of
a wet-gas measurement station.

In the ultimately reallocated production figures resulting from the transportation system allocation procedure,
the maximum allowable uncertainty shall amount to approximately 1 %.

The maximum allowable uncertainty of the wet-gas measurement installation shall always be determined in
consultation with the metering expert(s) and the hydrocarbon accounting department responsible for the
development and execution of the transportation system allocation procedure.

In practice, the allowable total uncertainty of the wet-gas measurement installation, including the Ungertainty in
thg liquid-gas ratio (LGR) factor, is between approximately 2 % and 3 %. An assessment ofcthe spitability of
available gas-flow metering methods is as follows.

a)| Currently, the following gas-flow metering methods are used most often-“for” wet-gas| flow rate
measurement:

1) differential pressure devices:
— Venturi meter,
— cone meter;

2) dedicated wet gas meters:

— combination of Ap devices with different sepsitivities to liquid content. These are not| discussed
further in this report;

3) Multiphase flow meters:

— some have an extended range‘into the wet-gas flow region.
b)| Currently the following gas flow methods are not considered suitable for wet gas flow rate meagurement:
1) orifice meter:

— Although still the most-used devices for measuring single-phase gas (e.g. from a geparator),

orifice meters are not recommended for measurement of wet gas. The main reagon is that
liquids can-build up on the upstream side of the plate causing the meter to over-measure. Drain
holes~are often drilled through the plate, but this is not recommended as it incfeases the
measurement uncertainty and the hole can be blocked by debris in the line.

2) ultrasonic meter:
~— At present, ultrasonic meters are not suitable for measuring gas above 0,5 % LVF as the units

produce unstable readings. Work is. however, underway to develop ultrasonic metérs for wet
gas above current norms.

Flow conditioners, devices that alter the flow to a desired flow profile for metering, are often used in single-
phase gas metering and may be considered in wet gas metering. However, careful consideration is required if
flow conditioning is applied to two-phase flow conditions. Such devices are discussed in ISO 5167-1. It is
generally true that what is good for single-phase flow measurement is good for two-phase flow or multiphase
flow measurement. In practice, it is necessary to take care that these devices do not induce sufficient pressure
drop across the unit to cause any water in the flow to sublimate and for the water crystals (or “hydrates”) to
block the conditioning passages, making the velocity profile worse rather than better.
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It should also be noted that the effectiveness of these devices is reduced by placing them too close to the
nearest upstream obstruction as the swirl and local velocities of the flow are often too much for the conditioner
to cope with.

5.2.31 Differential pressure devices

5.2.3.1.1 General

As primary measurement elements, both the Venturi and cone are used with differential pressure, pressure
and temperature transmitters for the determination of mass and standard volume, expressed in standard cubic
metres, prpduced.

5.2.3.1.2 | Manufacture and installation

The manufacture and installation of Venturi meters and their associated transducers should“generally follow
the requirgments of 1ISO 5167 (all parts), but as ISO 5167 (all parts) is intended for measurement of dry ggs,
some devigtions from the requirements of ISO 5167 (all parts) are necessary. In particular,"it is necessary to
take care [to prevent liquid retention in the impulse lines. Piezometer rings are not‘tfecommended and, |for
horizontal Menturis, it is necessary that the tapping points be on the top half of the VVénturi. The diameter of the
tapping pqints shall be at least 10 mm. Furthermore, all parts of the impulse lines and the transmitters that
come into| contact with the process gas shall be kept at least at the temperature of the process gas|by
adequate [insulation and/or trace heating to prevent condensation in the impulse lines. The temperatire
measurement shall be made in such a manner that it does not influence-the straight lengths before and after
the Ventufi. If a surface-mounted temperature measurement device is”used, the whole Venturi shall [be
suitably ingulated to ensure that the indicated temperature represents:the fluid temperature. This is particularly
relevant fgr subsea wet-gas meters. The Venturi can measure gas.with a liquid content up to 5 % to 10 %| by
volume us|ng modified Venturi algorithms, e.g. Murdock, Chisholm and de Leeuw.

It is recommended that further advice be sought from a vendor or consultant experienced in wet-gas metering.

Currently, |[cone meters are not as widely used @s Venturis for wet-gas metering and, consequently,
experiencg in their use is not so widespread in the metering community. Accordingly, installation of cgne
meters should follow the manufacturer’s guidelines. Currently, the cone can measure gas with a liquid volume
content ug to 5 % by volume using algorithms)developed by the manufacturer. Generally, shorter installation
footprints gre possible with this technology.

5.2.3.1.3 | Gas and liquid properties

The gas apd liquid properties_Gsed in calculations shall be based on the best estimates of the composition of
the gaseols and liquid fractions at the measurement point at the operating temperature and pressure/ In
practice, this means taking samples of equilibrium gas and equilibrium liquid from points close to the
measurement point. To0Obtain the best estimate of full-stream composition, it is necessary to determine the
flow rates jof gas and\liquid at the measurement point. These may be measured at intervals elsewhere in the
system, elg. at a-separator, probably at pressures and temperatures different from those at the wet-gas
measurementpaint. This requires making corrections for changes in composition to adjust the liquid and gas
flow rates jo/those at the wet-gas measurement point.

5.2.3.1.4 Wet-gas correction

The liquid-gas ratio (LGR) strongly influences the apparent reading of a differential pressure meter. During the
calculation of the gas flow rate, the flow computer shall take account of the deviation introduced by the LGR. A
correction shall be made for this deviation with an approved correction algorithm, preferably in the flow
computer, based on the raw data from the installation. This correction procedure may be implemented in the
hydrocarbon accounting computer system.

Wet-gas tests performed by Shell on Venturis have been reported on in the open literature. These tests

showed that the deviation as determined by Chisholm or Murdock on orifice plates are also applicable for
Venturi meters.
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The dry-gas flow rate, Q,, can be determined from the wet-gas measurements according to Murdock as given
in Equation (2) or accordglng to Chisholm as given in Equation (3):

9%
Qg = 1+1,26X @)

where O is the gas flow rate calculated using the two-phase pressure drop.

o
V1+CX +CX*?
where
0,25 0,25
co| L] 4| e (for X < 1) (4)
Py P

X is the Lockhart Martinelli parameter, as given in Equation (5):
x & [a -
9g \ Pg

Py is the density of the gas;

where

o is the density of the liquid.
A gimpler expression, as given in Equation((6), is sometimes used:

2000

Qg =9 X5 —
9 F®72000+R.g (6)

where R, g is the liquid-gas atio, expressed in cubic metres of liquid per 108 normal cubic metres|of gas, as

given in Equation (7):
Rl _ 9458 (m? liquid per 10® normal m® gas) (7
g

Note that\these expressions are accurate and useful only for small liquid/gas ratios. They may be
implemented on older wet gas installations, but their use is not recommended for new instajlations. In
partietlar, the Murdock formula does not incorporate a pressure dependence and, at larger liquid/gas ratios,
the pressure dependence of the Chisholm formula does not match the experimental data.

A more recent equation for the determination of the dry gas volume has been developed by Shell (De Leeuw),
as given in Equation (8), which was published at the Multiphase '97 Conference in Cannes. This equation has
been verified against an extensive database of experimental data to establish its validity. Further work carried
out at NEL (Steven et al.) has shown a dependence on the S-ratio of the Venturi.
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Measurement Workshop in 2004.
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increased by 0,5 % if the minimum straight lengths are in accordance with ISO 5167-1) is calculated as given
in Equation (12):

Oy
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59y — (SQventuriJ +[ 3 XS(QI/QQ)] )
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where

R .
M is the uncertainty of a Venturi measurement calculated in accordance with ISO 5167-1 and
Oventuri 1SO 5168;

5(01/0q)

is the uncertainty of the LGR, set at 10 %.
(QI /Qg)

Reference can be made to 4.2.1 for other factors not mentioned.

A gimilar approach should be used for the cone meters. The manufacturer should be consulted if further
adyice is required.

5.4.3.1.7 Sample collection points

For the collection of gas samples, a sample point including a probe shall be installed outside the straight
lengths of the wet-gas meter.

Where the LGR is determined by means of a tracer technique, sample injection and collection poirjts shall be
mdde available.

The injection point shall be located in the bottom of the flow liné.at a sufficient distance upstregam of the
primary element to allow adequate mixing of the tracer with thediguid phase.

—

The collection point shall be located in the bottom of the flow-line downstream of the primary elemer

Where the wet-gas meter can be put in series with-'a test separator, gas and liquid flow ratgs may be
mgasured and samples may be taken at the test separator.

G4gs and liquid properties may be derived by"means of a flash calculation; from these data, it is possible to
check whether the wet gas meter is functioning correctly.

5.4.3.1.8 Calibration and maintenance

For effective maintenance of wet-gas metering facilities, it is essential to provide suitable calibration facilities
such as

—| test connections.fon the supply and/or measuring of pressure and differential pressure, elg. from a
deadweight tester;

—| read-out ofithe analogue signals of pressure, differential pressure and temperature trangmitters in
milliamperes or millivolts;

—| pretéction against climatic influences (e.g. rain) for the measurement and test equipment;

— measurement/test connections in auxiliary cabinets for monitoring data transmission to the flow
computers.

5.2.4 Single-phase liquid

The relevant liquids for this subclause are condensate and water. These can be measured by various
recognized devices (see Figure 8) and for some devices International Standards or recommended practices
documents are available. Condensate from separators can contain some water due to the separation process,
but normally condensate and water separate very easily. As the condensate at the exit of the separator is at
gas equilibrium pressure (bubble point), any subsequent reduction in pressure causes gas breakout. This gas
breakout can degrade the performance of single-phase measurement devices. To minimize this affect, the
condensate should be measured with as much head as is physically practical. This requires adequate height
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between the measurement point and the minimum expected separator gas-liquid level. Note that for a

condensate with density 600 kg/m3, a 5 m head corresponds to a pressure above bubble point of only about
30 kPa (0,3 bar).

The pipe-work internal diameter should also be kept as large as possible and the number of bends kept as low
as possible to minimize the pressure drop. The calculated pressure head at the measuring device shall be
enough to prevent gas breakout at the measurement point due to a pressure drop across the device at
maximum flow.

Condensate density, temperature and pressure should be measured as close to the primary measuring device
as possible-

Gas breakput is not as critical for measurement of the water stream as for the condensate stream, butagaip it
is recommended that the measurement device be placed sufficiently below the minimum expected separdtor
liquid leve| and that a full-bore measurement device, such as an electromagnetic or ultrasonic [flow meier,
should be [used. The water flow measurement from a single separator can have a very large turn-down ratio
and multiple meter runs may be required under these conditions. The effect of temperature’and pressure|on
the water [measurements is about half that for condensate and it is normally not conSidered necessary| to
provide a g$eparate stream temperature or pressure measurement.

The follow|ng liquid flow metering methods are suitable for metering condensate-ot_water:
— turbing meters;

— vorteq meters;

— Coriolfs meters;

— tank-l¢vel measurement.

These methods are well described in industry standards and so are not discussed in detail in this Technical
Report. It |s necessary to take care to comply withi\the requirements for low-viscosity liquids given in thgse
standards,

Positive-displacement meters should not be used for metering either condensate or water as the viscosity of
both fluids| at operating temperatures is.well below the 5 cSt usually considered as an acceptable minimum
viscosity.

5.2.5 E:[Jilibrium liquid (separated liquid at bubble point)

Equilibrium liquid, i.e. liquid,ffom a separator at its bubble point, in principle contains only liquid. Howeyer,
small amdunts of gas{can break out in situations where a pressure drop is encountered (e.g. valves| or
metering @quipment). \This condition occurs when the head pressure has been sufficiently reduced or the
temperatufe increased to cause gassing-off or boiling of the fluid. This gas breakout usually gives risg to
measurement errors if single-phase liquid meters are used. Measurements of these fluids require care and
attention in view of the pipe geometry and I|ne sizes to ensure that the liquid is below its bubble point at the
measure ent
meter performance degradation.

5.2.6 Gassy liquids (low-GVF, multiphase fluids)
Gassy liquids are liquids that contain small amounts of gas. Generally, the GVF of these fluids is in the range

of 0 % to approximately 25 %. Single-phase meter behaviour is not predictable and damage to certain meter
types can occur.

32 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=c7fb1954799bd9657dc6a554e2c489be

ISO/TR 26762:2008(E)

6 Quality measurement

6.1 Sampling and analysis

Sampling and analyses of process fluids is essential for the allocation process. Samples are taken for the
following analyses in the allocation process:

— quality analyses, to obtain the energy content of the hydrocarbons for sales purposes and properties for
volume or mass measurements;

—| evaluation analyses, to obtain the economic value of the hydrocarbons;

—| PVT analyses, to establish and monitor the behaviour of the producing reservoirs.
The analytical results depend strongly on the method of sampling and on the process”conditions af which the
sample is taken. Furthermore, one should always be aware that a (spot) sample is,only a snapsh¢t and that

samples might not always be representative for a continuous process.

For specific requirements related to gas sampling, reference is made to ISO10715.

6.1.1 Dry gas (treated gas)
The sampling of dry gas, as it is a single phase, allows a highly)representative sample to be ohtained. To
ensure that the sample is representative, it is necessary to.take some precautions as part of th¢ sampling
exercise.
Before a sample is obtained, it is necessary to flush the'sampling system with process gas from the pipeline
ungler process operating conditions in order to remove contamination and equalize the temperature of the
sampling system. It is necessary to take care to.ensure that no condensation of the sample gas ocg¢urs due to
thg length of the sampling lines or from a dropiin pressure or temperature. An adequate flushind time is at
legst ten times the residence time of the progess gas in the sampling system.

For spot sampling of dry gas, the sample.can be collected by the following methods:
—| flow through method;

—| pressurize-depressurizé method;

—| vacuum method.

The vacuum methed gives better results when the gas is not guaranteed dry and is, therefore, the method
regommended;

The use.of\a sample probe in accordance with ISO 10715 is recommended.

Beralse heavy components are, in general, not present in dry gas, an analysis of the sample in gccordance
with ISO 6974 (all parts) is sufficient.

6.1.2 Equilibrium gas (separated gas at dew point)

The sampling of equilibrium gas that is on the verge of condensing is a much more critical exercise. Minor
temperature or pressure fluctuations can cause condensation and invalidate the representativeness of the
sample. To enhance the representativeness of the sample, some precautions shall be taken during the
sampling exercise.

For spot sampling, the vacuum method shall be the preferred method as this method is the least sensitive to

the undesired accumulation of condensate in flow lines and the sample bottle. An analysis in accordance with
ISO 6975 is recommended because of the possible presence of heavy components.
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6.1.3 Wet gas (two- or three-phase)

Flow profiles in a pipeline can be laminar or turbulent. Sampling of wet gas in a laminar, multiphase flow shall
be avoided as there is little chance of sampling the phases proportionally. Even samples taken from a
turbulent flow normally do not yield representative proportions of the phases in the pipeline.

Samples from wet-gas flows can be used only to detect the presence of a particular component in one or
more phases (e.g. H,S). It is not recommended to use this sample to determine mole fractions of the full

range of components.

Only those the

sampling

The recombined result, using the liquid-gas ratio, normally represents a compositional analysis -with a low
accuracy, especially for those components that are in equilibrium between the gas and liquid(phases ungder
the sampling conditions. For many cases, this is the component range Cs to C,,. As a consequence, manual
or continugus sampling can be reliably performed only for a limited range of the composition,or one particylar
component in one phase.

A represeptative range of all components of the full fluid flow can be determined only by sampling the
individual phases after separation and recombining the analyses in proportion\ie’the respective flows. The
recombination can be based on the individual flows from separator measurements.

When a sgparator is not available, a recombination analysis can be made_6n the basis of a flow determinafjon
by means pf the tracer-dilution technique.

The use of a sample probe is strongly recommended; for sample recovery, the probe shall be positioned|as
isokinetically as possible relative to the required phase in the(flow. This improves the representativenesq of
the samplg.

Neverthelgss, to keep costs down, some allocation procedures may make use of wet-gas sampling. The
consequerce is a higher uncertainty of the overall:allocation process, mainly caused by the samples hot
properly rgpresenting the entire flow. This can only be accepted if contracting parties are fully aware of the
implications.

6.1.4 Single-phase liquids

The methqd used for sampling condensate is highly dependent on its purpose. If the full compositional data of
the condensate is required for.RPVT analysis, reallocation purposes or LPG composition, it is necessary that
the samplge always be taken\at’process operating conditions. This requires, in most cases, a pressurized
sample. The preferred method of taking a pressurized sample is with a bottle with an expansion compartment.

To obtain & sample, it is-hecessary that the sampling system first be flushed with condensate from the pipeline
under prgcess operating conditions, in order to remove contaminants, and then be filled with the
representdtive fluid. It is necessary that the flushing and/or filling of the bottle or bombe be executed slowly
and with great.care to prevent evaporation of the sample in the sample system, which can influence the
compositign of the condensate sample.

In some cases, condensate samples can also be taken at atmospheric pressure. This means that the sample
is brought to atmospheric conditions from whatever the process operating conditions were. Consequently, if
the process temperature and/or pressure are elevated, the composition of the condensate can change due to
evaporation of the lighter components.

Accordingly, the sample may be used for a full compositional analysis only if the process operating conditions
are at atmospheric conditions.

This method, however, is applicable if there is no requirement for full compositional data for the condensate at
elevated operating conditions (e.g. for cloud point or pour point determination).
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6.1.5 Equilibrium liquids (separated liquid at bubble point)

For equilibrium liquids, the sampling techniques for single-phase liquids are applicable. It is necess
care to flush and fill bottles slowly so that free gas is not generated.

6.1.6 Gassy liquids (two or three phases)

For gassy liquids, the sampling technique mentioned under single-phase liquids is applicable. Ho

ary to take

wever, the

use of a properly positioned sample probe is of great importance. In addition, the representativeness of the
sample can easily be affected by small amounts of gas. This causes a higher uncertainty in the analytical

requits:

6.1.7 Multiphase fluid

Samples from multiphase flow lines suffer from the same non-representativeness as‘\Wet-gas sa
aspects mentioned under wet-gas sampling are largely valid for multiphase sampling-Only those ¢
thgt are guaranteed in either the gaseous phase or the liquid phase under the.sampling conditig
defermined with reasonable accuracy.

Befrause of the lack of representativeness of the sample, the accuracy ofithe’analytical results can
is, therefore, not recommended to use the results of multiphase sampling'in the allocation process.

Analysis

Sample analysis can take place only on one phase at a time; therefore, the phases shall be fully
Fol continuous sampling, this requires a sampling conditiening system designed to pass only th
phase or phases.

When dealing with spot samples, the phases (liquid*and gas) shall be carefully pre-conditioned, se
thg sample bottle) and analysed separately. Thenthe two phases can be combined on a mass-weig
to greate a complete analysis of the sample.

The range of components for analysis.shall be determined in advance and depends on the purp
analysis. In general, an analysis in accardance with ISO 6974 is intended for the range of dry gas ¢

mples. All
bmponents
ns can be

be poor; it

separated.
e required

pbarated (in
hted basis

ose of the
bmponents

suitable for Heating Value calculations. An analysis in accordance with ISO 6975 provides a npjuch wider

rarjge of components and is normally required for process simulations or compressibility calculation

6.3 Uncertainties

Mgny aspects, both.in)the sampling and the analysis, affect the uncertainty of a fluid component an
mgqst significant aspects that contribute to the uncertainty of the sampling are

a) | non-representative sampling (caused by non-stable process conditions, sample-probe pg
sampling method),

b) | ‘phase changes in the sample bottle (condensation, evaporation),

N
D.

alysis. The

sition and

NOTE It is necessary to note that gas chromatographs operate at atmospheric pressure and

, thus, it is

necessary to heat the sample prior to pressure reduction. Also, it is necessary that the gas remain above the dew
point at the operating temperature of the gas chromatograph oven. (This limits its use to wet-gas systems.)

c) the stability and linearity of the chromatograph,
d) the quality of calibration gases,

e) pre-treatment of the sample.
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Of these five major effects on the overall uncertainty, the last four are reasonably controllable. By taking
appropriate care, the sum of the effects of b), ¢), d) and e) should make a very small contribution to the
uncertainty of the final analysis. On the other hand, the effect of non-representative sampling, a), is difficult to
control. To limit the overall uncertainty, attention should focus on the representativeness of the sample and
the contribution to the uncertainty by individual components.

Attention should be paid to the uncertainty calculation as described in the 1ISO 6976. The uncertainty is
normally calculated for the heating value or molecular mass of the analysis. Individual components can have a
much higher uncertainty.

6.4 Othpr

6.4.1 Gepchemical fingerprinting

Geochemital fingerprinting is a technique that may be used for product allocation between{iwo or mpre
contributing fields whose product can be commingled for production and transportation. It hasbeen used op a
UK contingntal shelf development in the northern North Sea. It was developed mainly for oil fields but is| in
principle, dlso applicable to gas condensate fields

This techtTique uses a multi-dimensional gas chromatographic analysis to determine quantitatively the
concentration of the aromatic compounds within the Cg to C, range of a sampleof the hydrocarbon reseryoir
fluid. The |relative proportions of the aromatic components in this range ,are)usually unique to a reservpir,
giving the feservoir fluid a unique signature.

The technique determines the relative amounts of these components.in'commingled production from different
fields by analysing a representative sample. The results of thisCanalysis are compared with a previoysly
prepared mixing model that is generated from the analysis of samples from the individual contributing fields.
The resultgnt component ratios, plus a flow-quantity measurément of the combined product stream, allow the
determinafion of the quantity contributed from each field by prorating the total flow according to the
geochemigal component ratios.

For the m¢thod to be viable, it is necessary that gromatic compounds in the Cg to C,, range be contained in
the compasition of the product from each of the €ontributing fields. It is also necessary that there be sufficient
difference [in the relative amounts of some (of;the components of the contributing fields to enable the figld
product rafios to be established, i.e. if the geochemical signatures for two contributing fields are very simjlar
then the method does not work.

Figure 11 |describes the process_of/geochemical fingerprinting, from initial method application validatipn,
through toloperational implementation and to periodic verification plus calibration. Although it refers to oilfields,
the method applies to wet gasfields providing the qualifying criteria are satisfied.

6.4.2 Nepr-infrared methods

Determination of water in gas/condensate streams is often important to prevent corrosion or hydrate formatjon
in pipeline Increasingly, near-infra red methods are being used or developed for these applications Water

greatly enhanced, and the absorbed mfra red radiation is converted to uItrasound for detection can potentiaIIy
provide better instruments for this application.

6.4.3 PVT packages

A variety of PVT packages are available for determining the properties of gas condensate streams from a
compositional analysis. These packages are discussed in greater depth in Clause 7.
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Figure 11 — Process flow chart for geochemical production allocation
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6.4.4 Tracers

Tracer techniques for determining the flow rates of condensate and water in wet gas streams were developed
by Shell and have been licensed to two service companies. In principle, a tracer can be used to determine the
gas flow, but practical gas tracers have not yet been found and implemented.

Measurement of liquid by tracers is straightforward in principle, but requires much attention to detail. Suitable
tracers have been found that dissolve almost entirely either in condensate or in water, with little cross
contamination. The condensate and water tracers of known concentration are injected under pressure
upstream of a smtable mlxmg element say a partlally closed valve or a Iong Iength of flow line. Samples of
condensat 2 A = dow = . : nd

conservati
are knownj the sample gives the tracer concentration in the water or in the condensate in the flow line, so that
the flow rate of water or condensate in the flow line can be determined easily.
It is necegsary to take care when sampling such that the time to take the sample is much shorter than the
period of Jariation in the liquid flow rate. High concentrations of tracer in the sampleaorrespond to low liquid

flow rates and low concentrations of tracer to high flow rates. A sample taken over & period with large variaf
in liquid flgw rates underestimates the liquid flow rate.

7 Data|processing

Allocation |of gas and condensate consists in determining the quantities of commingled output products |for
attribution [to different users of the common gas/condensate treatment and transportation system. To obfain
the final ajlocated data from primary measurements, it is negessary to implement different data-processjng
steps. Thi$ clause describes some data-processing routines applicable to gas and condensate allocatior]. It
includes

— calculgtions at the measurement point;
— proces$s simulation;
— balanging and reconciliation;

— invenfory calculations.
7.1 Calc¢ulation at the measurement point
7.1.1 Gab and liquid-properties

7111 General

The knowledge of thermodynamic properties (e.q. composition, density, phase fractions), flow characterisiics
(e.g. viscosity, phase velocity) and flow patterns (e.g. mist, annular, annular—-mist, mist/film) are required to
determine flow rates from primary measurements (e.g. velocity, pressure drop, attenuation, frequency,
absorption).

In 7.1, The calculation method is addressed for use when fluid properties and/or composition
— change with pressure and temperature,
— are not measured or cannot be measured directly.

At the conditions prevailing at the measurement point, streams can be stabilized (gas phase or liquid phase)
or non-stabilized either as one phase (gas or liquid) or as two phases (gas and liquid).
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.1.2  Stabilized fluids

For stabilized gases, calculation routines to derive density and compressibility factors are based on existing
standards such as ISO 6976 using composition, pressure and temperature to derive density compressibility
factors.

For liquid, similar standards from API or ISO are used.

71
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Fld
fla

ge

As

sp
tab

Th
pre

.1.3  Flash calculations for non-stabilized and wet gas flows
position and properties be determined indirectly by flash calculations.

bh calculations are performed off-line and are complex, flash interpolation tables(or”equatio|
nerated and downloaded in flow computers or in any digital control system.

pcific well or field composition at specific values of temperature and pressure."For each composit
le or equation can be generated.

b flash-calculation specification requires flow composition based omecomponents and pseudo-c

instance) based on laboratory analysis and properties tuning.

Th

bse calculations also require selection of an appropriaté'equation of state and the appropria

and liquid

sh calculations can be performed on-line or off-line using specific PVT software or a process sjmulator. If

ns can be

an example, such tables can be two-dimensional tables containing values ofdensity, liquid fragtions for a

on, a flash

bmponents

viously defined with their respective properties (molecular weight, specific gravity and boiling point, for

te flashing

conditions.
7.1.1.4  Flow rates calculations
If required in the allocation, gas and liquid flowsrates measured at line conditions can be converted to standard
conditions (e.g. 15 °C; 101,325 kPa) by, using similar flash calculation and simulating a single |flash or a
mJltistage flash.
7.2 Balancing and reconciliation
7.21 General
On each system (e.g.-production, pipeline, terminal) where inputs, leN , and outputs are measured,
adjustments and-calculations are made to balance the inputs, leN , with the outputs,ZxOUT and/or to
calculate outputs from inputs mainly to satisfy material conservation, as given in Equation (13):

ZxIN =ZXOUT +As (13)
where As 1S the change In stock, as given by Equation (14}

As = 549 — Sy (14)
where

stp is the stock at time, t,;

sy is the stock at time, ¢4;

ty > 1.
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It is strongly recommended that the material balance be carried out on a mass basis or a component mass
basis over a representative period of time. Attempts to carry out the material balance on a volume basis
generally lead to divergence over time.

7.2.2 Balancing by proration

Simple balancing can be achieved by apportioning outputs among inputs on a proportional basis (pro rata).
This is done in cases where output measurements are more accurate than inputs. Application of this method
assumes similar uncertainty on all inputs.

The mater|

EXAMPLE

7.2.3 Re

It is possib

e | orrof e eation ot Hod-

Field A 100 000

Field B 140 000

Fuel gas -1000

Net gas 239 000

Export gas 250 000

Reconciliation factor 250/239
Adjusted field A 100 000 x 250/239
Adjusted field A 140 000:% 250/239
Adjusted fuel —1.0007x 250/239

conciliation

le to assign imbalances of systems to each meter based on its accuracy or uncertainty.

Reconciliafion calculations based on statistical ;methods can be applied to adjust measurements to satisfy the
mass balapce equations in complete systems.
7.3 Progess simulation
Allocation [can be based on the true thermodynamics of the process (component-by-component allocation) or
on the use| of a mathematical.model of the process to calculate the production from wells and fields when they
are procegsed separately<rnall together.
EXAMPLE The simUlation of a production system can give the component mass flow in the export gas for each input
hydrocarbop, i, for a_given field, ;.
M a .\ sim

The mass, (mé ) of component i in the export gas allocated to field ; is proportional to the mass (mé ) of

1 1
component i in the export gas, and can be calculated with a simulator such as that given in Equation (15):

j sim

% (mE)l_
(md) == x(me), (15)
1

40

sim

mw

S

i
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J

a
E) , of export gas allocated to field j is as given in Equation (16):

The total mass, (m

(16)

When there are many producing fields, it is possible to simulate the production from one of the fields by
simulating the treatment of the mixture from all fields followed by that of the mixture from all the fields, less the
field in question. The resulting difference gives the theoretical quantities of the products that can be allocated

to
Th

a)

b)

c)

d)

7.4

When the allocation period is quite long, the inventory/of the terminal at the end of the alloca

ref
qu
inv
be
prd

Ho
at
va
the

same period. Consequently,-the terminal product yields no longer correspond to the productions m

the
ing

Th

Ea
the

la £ Lol -
e TIciu T QucoUuult.
b following should be noted.

The mass of the product obtained by the treatment scheme can be very different-from the
masses obtained by the treatment of the production of each field individually.

The simulator includes process parameters (pressure, temperature) that/do not necessa
constant over the entire allocation period.

The results are highly dependent on the compositions of simulated, streams.

To be applicable, it is necessary that the simulation model give.results consistent with measure

l Line packing and stock change

resents only a small quantity relative to the totalomass shipped during that period. Conseq
bntity received by the terminal during the allogation period is very close to the quantity exp
entory can, therefore, be neglected and the_properties of the various products formed at the te
calculated by simple proportionality equations between production at the terminal and t
duction centre over the same period.

wever, when the allocation periods are very short (for example, one day for gas allocation), the
he terminal can be representative of only part of the inventory quantity. If the quality of the exp
ies significantly (as when thesrelative production of the fields varies), the quality of the blend d
terminal during the allocation period can be significantly different from that of the blend exported

production centre. It is/necessary that the calculation of the quantities of products allocated to
ude a provision for\this inventory variation.

s is discussedXurther for gas in the remainder of this subclause. A similar discussion holds for cg

ch field pteduces an “initial inventory” (at field production start-up), which is the sum of the “dead
“capagity buffer”.

Th

sum of the

ily remain

d data.

ion period
Lently, the
prted. The
rminal can
hat at the

production
ort mixture
elivered to
during the
easured at
each field

ndensate.

stock” and

e “dead stock” is defined under mutual agreement but it usually corresponds to the gas mass c

ntained in

the gas pipeline at a mean pressure equal to the minimum terminal operating pressure. This mass is allocated
to all the fields using the system, generally proportionally to the anticipated yearly production, of annual
contracted quantity (ACQ).

The “capacity buffer” is the amount of stock above the “dead stock” to get a differential pressure across the
pipeline adequate to achieve the total flow rate. This quantity varies with the daily nomination.

The “line pack” is the mass of gas that is in excess of the dead stock and capacity buffer when the gas
pipeline flow rate is equal to the overall nomination and the gas pipeline output pressure is equal to the market
gas network inlet pressure plus the pressure loss in the terminal. Provided it is permitted by the pipeline
operator, the system users may be allowed to build up a line pack buffer to secure the supply in the event of a
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platform trip. Line pack can be allocated in a number of ways, i.e. “who put it in gets it”, by reserved capacity
or on a first-come first-served basis.

Each field’s inventory (now the sum of dead stock, capacity buffer and line pack) is recalculated at the end of
every allocation period to give the closing stock. The inventory imbalance between the beginning and the end
of the allocation period is the difference between the closing stock of the current period and the closing stock
of the previous period. This variation is calculated in terms of quantity and quality for each field to give the
stock ownership.

Each field’s inventory is recalculated at the end of every aIIocatlon perlod to g|ve the closmg stock. The
inventory imbala NEE . :
closing stdck of the current perlod and the closmg stock of the prewous per|od Th|s varlat|on is calculatec in
terms of qiiantity and quality for each field to give the stock ownership.

The invenfory mass, m,, expressed in kilograms, in the transportation pipeline can be calculated aecording to
Equation (17):

m = "X pm 7

where

<
%)

ig the geometric volume of the pipeline, expressed in cubic metres;

Pm 19 the mean density of the product in inventory at the end of the\period, which can be calculated from
the equation of state at mean pipeline temperatures and ‘pressures over the allocation peripd,
kpressed in kilograms per cubic metre.

)

If a field is|connected to the gas transportation network at an entry point different from that of other fields, then
its productjon is transported only through part of the gas pipgline. It is necessary that the part of the inventpry
upstream of this entry point be differentiated from the downstream part. The gas inventory masses in each of
the pipeling sections are calculated as before; but care-is taken that the calculations include only those figlds
that contripute to the calculated inventory. For a<subsea connection, the pressure at this point can |be
calculated|using the conventional pressure-loss formula for pipelines. The total inventory of the fields furthest
upstream In this transportation system is obviously the sum of the inventories of these fields calculated in the
two sectiofs of the gas pipeline.

8 Lift, [njection and utility gas

8.1 General

Lift gas, irjection gas.and utility gas can be a large fraction of the gas exported from a production system.
Accordingly, these gas streams should be measured to an appropriate accuracy in terms of the economic
aspects di 5
or not at a
in the syst
terms of &
reconciliation. With the avarlabllrty of Iow—cost composmon determrnrng |nstrumentat|on there is Irttle excuse
for not operating a mass component allocation on these gas streams. However, a proper analysis should
always be done to compare the installed and operational costs versus the ultimate uncertainty.

8.2 Lift gas

Lift gas is used to increase the production of hydrocarbon liquids from wells and, consequently, it is important
that it be metered to ensure its optimal use. Allocation of lift gas is straightforward if carried out on a mass
component basis. Differential pressure devices are usually installed at the lift-gas metering points. It is
necessary that pressure and temperature also be measured at these points and to measure only the gas
composition, together with pressure and temperature, at a convenient point on the common supply line for the
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lift gas. All the information is then available for calculating the mass component flow rates at the lift-gas
metering points, which can then be fed into the allocation system calculations. It should be noted that often the
amount of lift gas that is circulated on a daily basis is significantly more than the daily gas production. Since
the latter is calculated by subtraction, proper uncertainty analyses should be carried out to determine the
uncertainty in the final gas production.

If the meters at the lift-gas metering points are volume meters, it is necessary that pressure and temperature
be measured again at the lift-gas metering points, which, together with the composition from the common lift
gas supply line, provide all the information necessary to calculate the mass component flow rates.

If the-meters-at-the lift gas mnfnring lr_\ninfc are mass mnfnrc, then it is not Recessary tomeasure th pressure
angl temperature for allocation purposes at the lift-gas metering points. It is sufficient to combine_thel mass flow
rates from the lift-gas metering points with the composition data from the common lift gas\supply line to
calculate the mass component flow rates.

It is essential to ensure that there is no liquid drop-out in the lift-gas lines through changes in pr¢ssure and
temperature. Clearly, it is inefficient to produce liquid hydrocarbons and not removejthem sufficienfly from the
liftigas streams.

8.3 Injection gas

The allocation of injection gas is almost identical to that of lift gas. The major difference is that injegtion gas is
ustially at a higher pressure than lift gas. Gas is injected into reservairs for several purposes (e.g. gas storage,
prgssure maintenance, long-term enhancement of liquid production) reduction of flaring).

Allpcation of injection gas is straightforward if it is carried ‘out on a mass component basis. If differential-
prgssure devices are installed at the injection-gas metering points, it is necessary that pressure and
temperature also be measured at these points. It is negessary only to measure gas composition, together with
prgssure and temperature, at a convenient point onithe common supply line for the injection gas fto have all
information necessary for calculating the mass.component flow rates at the injection-gas metering points.
These data can then be fed into the allocation system calculations. It should be noted that it can tgke several
ye]ars before injected gas is recovered again«from the reservoir.

If the meters at the injection-gas metering points are volume meters, it is necessary that prgssure and
temperature be measured again at the injection-gas metering points, which, together with the cpmposition
from the common injection gas supply line, provides all the information to calculate the mass compgonent flow
rates.

If the meters at the injection-gas metering points are mass meters, then it is not necessary that prg¢ssure and
teperature be measured for allocation purposes at the injection gas metering points. It is spfficient to
combine the mass.‘flow rates from the injection-gas metering points with the composition data from the
common injection,gas supply line to calculate the mass component flow rates.

It is essential 10 ensure that there is no liquid drop-out in the gas injection lines through changes in pressure
angl temperature. Clearly, it is inefficient to produce liquid hydrocarbons and not remove them suffigiently from
thg injection gas streams.

8.4 Utility gas

The maijor difference between the utility gas and the lift or injection gas is that the latter streams are usually
much smaller and it might not be deemed cost effective to meter these streams accurately. Historically, utility
streams have been measured in a standard or normal volume. However, in many production systems, utility
gas often comes from several sources of significantly different composition and, consequently, the
composition of the utility gas can vary sufficiently to impact the overall allocation. A cost-effective allocation
system is best based on mass component flow rates; utility gas measured in a standard or normal volume can
lead to considerable and expensive confusion over the lifetime of the production system. With the availability
of low-cost instrumentation to determine the composition, there is little excuse for not operating a mass
component allocation on utility gas streams.
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8.4.1 Fuel and own-use gas

Fuel gas and own-use gas streams are usually relatively small so that their measurement falls well within the

range of Coriolis meters, allowing a compact, and therefore relatively inexpensive, metering system giv

ing

mass flow directly. It is then necessary only to combine these data with composition measurements from a
low-cost gas-composition measuring device to obtain mass component flow rates. It can be practical to use

the composition from an instrument installed primarily for other purposes.

If other meter types are installed (i.e. differential pressure or volume types), it is necessary to have adequate
pipe lengths upstream and downstream of the meter and to measure the pressure and temperature to obtain

the neces any information for the allocation Q\chfﬁm

8.4.2 Flgre gas

Flare gas has been considered historically as a very challenging measurement, mainly becaus€-users war
meter that|can measure both the relatively small flow of gas under normal operating conditions and the v
large flowd of gas when the facility is blowing down part or all of the inventory of the process Vessels and tk
associated pipelines. In the latter case, the fluid temperatures can drop far below normal operat

temperatufes. It is considered impossible to make such measurements with a single ‘type of existing metef.

is also imgractical to meaningfully allocate measurements made in this way in an allocation system. Howey
the more sgtringent environmental and trading requirements can well lead to new ‘developments in this area.

ta
ery
eir
ng
It
er,

Flare-gas |metering and allocation becomes quite straightforward if the process conditions are treafed

separately

The relativiely low flare flow rate for normal production is readily metered by ultrasonic flare-gas meters to ¢

ive

a volume [flow rate. This, combined with measurements of pressure, temperature and composition mass

component, can be readily used to determine the flow rate.

For blowdpwn conditions, the process equipment is segreégated into blocks for emergency shut-down (ES
purposes and defined in the facility safety case. From~the measured volumes of the vessels and pipelin

D)
es,

position of|level, pressure and temperature sensors*and the estimated composition of the fluids in the vessgls,

it is relatively straightforward to calculate the mass-of each component flared when each process equipm
block is blpwn down. The initiation of the blowdown of each process block can be fed to the allocation syste
together wjth the masses of the components involved.

It is evidgnt that the total flare is thg“sum of the metered flare-gas under normal conditions, plus
inventorieg of the process blocks blown down under emergency conditions.

It is necespary to take care that'the equipment used to meter the normal, relatively low flow rates and the ¢
compositign under normal cenditions can withstand and recover fully from the blowdown conditions.

8.5 Undertainty considerations for lift, injection and utility gas

As several of the;streams considered in 8.2 to 8.4 are small compared with the export streams, it is import]
to considgr How'to deal with the uncertainties associated with these streams. The uncertainty of a mi

ent
m1

he

jas

ant
nor

disposal sfream consists of two aspects

a) The uncertainty of the direct measurement, which, for the disposal stream, can be determined in the
usual manner, as defined in the ISO 5168. The impact of the common assumption that a minor gas

stream has a constant composition falls under this category and can be estimated in a similar manner.

b) The uncertainty in the allocation to the various parties that have, or have not, contributed to the disposal
stream. In most cases the small volumes of the disposal stream mean that a higher uncertainty of the

measurement values or the allocation mechanism is acceptable.

Often the disposal stream is a collective disposal and allocation to individual parties can be determined in

various ways, e.g.
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fixed ratio, for which parties have a fixed share,

proportional with production volumes, equal to a factor times production volume,

more complex calculations, e.g. CGR times production.

Calculation of the overall uncertainty can become complex because of the assumptions made, particularly if
the allocation is based on volumes. From that point of view it is generally adequate to calculate practical,
maximum deviations to demonstrate the potential impact on the allocated proceeds to the stakeholders. In a
mass-component-based allocation, the assumptions (if any) are usually more transparent and the uncertainty
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same direction, from the actual value.and’in time can result in a large cumulative financial exposu
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certainty in measurement is defined as the range of values of a measurement with a 95 %.confid
5 assumed that the range of measurement values can be represented by a normal distribution
% of the measurement values lie within + 2 standard deviations from the centre of the, distributi
ween the 2,5 % and 97,5 % percentile. This means that 2,5 % of the measurement_values lie in ¢

h and low tails of the normal distribution. Other confidence levels are o€¢asionally useq
blications.

Uncertainty — General considerations

TE
ise gives an overview of uncertainty as it relates to the major elements,of the allocation process.

Economic consequences

.1  General

b impact of uncertainty of measurement on-allocation is to create a financial exposure that ca
long term. Random error is of less con¢ern than bias, which always results in a difference, gens
S). Biases should be corrected and-minimized wherever possible. A large random uncertainty i
ess concern than a small biasy.due to the lower long-term financial exposure risk. However, lar
certainties should be addressed, as they can conceal smaller, but significant, systematic uncertai

e measurement uncertainty and the method of allocation determine the financial exposure in th

ence level.
for which
n, ranging
pach of the
in some

Some aspects of uncertainty for a specific topic are discussed{in the subclauses dealing with thalt topic. This

N be either

dom or biased (related to systematic errafs). The exposure due to random uncertainty approaches zero in

rally in the
re (gain or
5 generally
je random
hties.

b allocated

mics of a
shed at an
he cost of
| iterations

share of the total production for each party; it can have a significant impact on the econg
mgasurement and allecation system. The acceptable level of financial exposure should be establi
eafly stage to determine the appropriate method of measurement. There is a trade-off between
implementing a ' measurement system and the resulting financial exposure of the allocation. Severg
of the high-level design can be required to find the optimum cost and financial exposure solution.

9.1.2 AMetering

Measurement uncertainty for metering is generally in the range of 0,25 % to 0,5 % for high-accuracy liquid
systems (sales, custody transfer, or fiscal metering). The uncertainty for high-accuracy gas-metering systems
is somewhat higher, with that for orifice metering systems typically 0,7 % to 1 % and that for systems using
calibrated turbine or ultrasonic meters slightly better, possibly 0,5 % to 0,8 %. These uncertainties are only
general indications. There can be reasons (mostly economic) to relax the uncertainty requirements and if
approval is obtained from the other parties involved (e.g. government authorities, partners, sellers, buyers,
etc.), other means of flow rate determination can be selected.

Measurement uncertainty in allocation systems is generally on the order of 1 % to 3 %, usually because
meters are often positioned in poorer measurement conditions much further upstream in the production
process, where the fluids are generally not fully processed. For example, gas measurements downstream of a
separator are likely to have liquids present and, similarly, liquid measurements downstream of a separator can
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have relatively high water cuts, be contaminated with sand and well chemicals or possibly be subject to gas
breakout upstream of the meter. The choice of measurement devices is constrained by these conditions.
Measurement uncertainty is increased and biases (systematic errors) are introduced when conditions change
(e.g. when liquids are present in the gas, water-in-oil or oil-in-water emulsions are present, or when gas
breakout occurs). There is often little way of knowing that these conditions are present, and the biases are
unlikely to cancel out over the long term. However, it is important that these uncertainties should be minimized
and correction made for the biases.

Again, a proper consideration should be made whether a relaxation in the uncertainty for allocation systems
can be accepted. It is a common fallacy that it is not necessary for allocation meters to have a low uncertainty
because the_allocation mnfnring is “corrected” hy the highnr-nr\r\llr:\r‘y meters at the final expaort r\ninf(e) from
the produgtion system. This is almost always not the case. The final meters determine how much productiof is
shared but the financial exposure over the long term for an individual party’s share is determined maostly|by
the systematic biases in that party’s meters. In some cases, it can be a waste of resources to meagsure a very
small gas [stream to high accuracy in a large gas production system but, on the other hand, it can be Well
worthwhilg for a small producer in a large production system to ensure that its small proddction stream is
measured jwithout significant bias.

9.1.3 Sampling and analysis

Sampling gnd analysis is required to determine properties of the fluid and may\be’ categorized into onling or
offline and into gas and liquid systems. Determining the uncertainty for sampling and analysis systemg is
probably the hardest task in determining the overall uncertainty in a metéring system. This is because if is
often difficllt to assess how representative is the sample ; the analysis,i§ non-linear and there is often human
interventiop that is difficult to include meaningfully in an uncertainty analysis. The types of systems commagnly
installed in gas/condensate operations are discussed in 9.1.3.1v\and the instruments or measurements
required fgr gas or liquid allocation reporting and the approaches,in-assessing the uncertainties in 9.1.3.2 and
9.1.3.3.

9.1.3.1 [Sampling systems

9.1.3.1.1 | Online method

These sysfems continuously or intermittently(mgasure the fluid properties within a relatively short time interyal,
for example by on-line gas chromatograph.” The advantage of online measurement is that there is no delay in
determining the fluid properties and méasurement and, consequently, the allocation quantities and qualifies
can be calculated in a short time frame. This reduces the overall uncertainty, as short-term variations in the
fluid propefrties are included in the firal results. The disadvantage of online systems is the relatively high cost
of maintengince and the low confidence in some measurements.

9.1.3.1.2 | Offline method

Offline system samples are taken at intervals, and, consequently cannot take account of short-term variatipns
in the fluid properties; this increases the overall uncertainty in the analysis. The cost of sample extraction is
low but onkiteanalysis requires specialist personnel and laboratory facilities. Offsite analysis usually leadg to
long delayscin“transit and production of the analytical results. The quality of sampling and analysiq is
dependant-en—the—operater—for—which—itis—diffieult to—assignan—uncertainty—With-periedie—sampling—the
probability of sampling at the extremes of variation is low; therefore, the analysis tends to underestimate the
extremes.

9.1.3.1.3 Proportional method

In proportional sampling, samples are taken at regular time intervals (time-weighted) or proportional to the rate
of production (flow-weighted). Representative time-weighted samples require steady production rates. Flow-
weighted samples, which represent the actual production over the sampling periods, are usually more
representative. The proportional sample is then analysed, usually offsite, and applied, retrospectively, to the
production for the sample period. The main disadvantage is the time lag between measurement, sampling and
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analysis and the processing of the allocation results. In addition, the ongoing maintenance cost of the
sampling equipment is relatively high.

9.1

.3.2 Gas sampling and analysis

It is necessary to assess the impact of the following instruments and measured properties on the overall
uncertainty of the gas allocation system:

gas conditioning, pressure reduction and fast loops;

9.1

It i
of

online gas chromatograph (Cg,, Cg+, C74, 1C.);

gas densitometer;
RD analyser;

H,S analyser;

dewpoint/moisture (both hydrocarbon and water);
condensate-gas ratio (CGR);
water-gas ratio (WGR);
proportional sampler (flow-weighted, time-weighted);
spot sample point.

3.3 Liquid sampling and analysis

5 necessary to assess the impact of these instruments and measured properties on the overall
he liquid allocation system:

sample, fast loop, pump, mixing and representative sample;
liquid densitometer;

basic, sediments and water (BS&W) meter;
proportional.sampler (flow-weighted, time-weighted);

spot sample point;

static mixer;

incertainty

dynamic mixer.

9.2 Sensitivity

Sensitivity, S, expressed as cubic metres per cubic metres, is the change in the output, Ayg, of a system
due to a change in the input, Ay, to the system as represented by Equation (18):

A
5 - Arour
AYIN
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is of interest in assessing the stability of allocation system results relative to changes in the input

and has two effects:

a) alarg
such

e change in the measurement uncertainty, which has a similar impact on some allocation results,
as a small change in the CGR (condensate gas ratio) in a wet gas measurement that can

significantly change the measurement uncertainty above a certain threshold;

b) a small change in the input parameter, which has a big impact on measurement and the final allocation

result,
mass

such as a small change in the C; gas component that can have a large impact on the allocated
and energy.

9.3 Alldcation principle

The methqd of allocation can have a significant impact on the allocation uncertainty. For example,”at some

ratios of
allocation
production
the financi

production from two fields, allocation by difference has a lower uncertainty than)proportional
methods. However, the proportional allocation has limited maximum uncertainties (regardless of the
ratio and is, therefore, more stable over wide production ranges for the two-fields. Neverthelgss,
al exposure for a difference allocation can be substantially lower than for & proportional allocafjon

over a limited production range. Furthermore, this might be the only viable optien\due to the cost of the
measurement system or due to the difficulty of making measurements. Always, theeosts of the metering and
data procgssing should be balanced with the benefits accruing from the reduction of the uncertainty in the

data; i.e.,
100 000 b
processes

uncertainty.

9.4 Undertainty determination

9.41 Ge

it is not necessary to measure a 10 bbl/d production with @™ % uncertainty, however a
l/d sales stream probably requires the lowest uncertainty that-can be achieved. Also, in allocafjon
the absolute value of the allocated volumes should determine the individual measurement

neral

Measurement uncertainty is contributed from many‘sources, including manufacturer's data, calibration histgry,
measurement and lab-analysis statistical data, plus-uncertainty from the measurement device method and the

dataset.

9.4.2 An

Root sum

plytical uncertainty

square (RSS) or least squares approximation (LSA) uncertainty methods, as described in ISO 5168

and ISO/IEC Guide 98 (formerlyl\GUM), are suitable for most end measurement devices. These methods are
preferred as the calculations ‘are’ sufficiently well understood and the complexity is limited. Typical examples

are ISO 5167-2 orifice plate.uncertainty, two-input proportional allocation system and a pressure transmittet].

9.4.3 Stgchastic uncertainty

Allocation

systéms, particularly mass-component-weighted allocation systems, usually involve a lingar

combinatign-ofsproduct streams for which the mathematical analysis of the uncertainties in the systemg is
relatively straightforward However where complexity increases or the allocation system involves non-linear

elements,
as describ

it is recommended that the alternative Monte Carlo simulation (MCS) uncertainty method be used,
ed in ISO 5168 and ISO/IEC Guide 98 (formerly GUM). A typical example where MCS is extremely

useful is in the analysis of the uncertainty of gas properties derived from the composition as determined by
gas chromatograph (e.g. for the gas compressibility, as described in AGAS8 or the calorific value as described
in ISO 6976). Complex mass component allocation systems can be best tackled using MCS as the formal
structure required in setting up a Monte Carlo simulation allows the structure to be modified and corrected

more easil

48

y than for a conventional uncertainty analysis.
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10 Validation

10.1 General

Validation is a critical part in the process of establishing confidence in any allocation system. The actual
method depends on the techniques used to determine product quantity and quality.

In 10.2 to 10.7, validation in the following areas is considered:

— meters;

—| analysers;

—| samplers/systems;

—| reported quantities (data);

—| calculations and modelling;
—| allocation process.

Earh area has different requirements for validation. However, therocess of validation invariably fonsists of
an|initial validation before use and subsequent periodic validations while in use to demonstrafe that the
systems are performing as intended. The interval between périodic validations in each area may| be set by
specifications in the relevant agreements between partners; but often it depends on the performgnce of the
arga of the system during the validation activity. Successful performance can allow the interval between
validations to be extended. This is particularly the case where new technology is involved arld periodic
velification can be carried out more frequently to establish the quality of the measurements over tifne. On the

otHer hand, when there are marked changes in the,;produced fluids over time, it can be necessary {o increase
thqg frequency of periodic validations.

10{2 Meter validation

10J2.1 Initial validation

Inifial validation may include

—| metrology checks;

—| conformanceith relevant standards [i.e. ISO 5167 (all parts), etc.];
—| flow calibration reflecting the expected in-service flowing conditions.

10]2.2<Periodic validation

Validity of a meter at the actual flowing condifions IS the most critical consideration for 1ts influence on the
integrity of the overall measurement system.

The objective of periodic validation of the meter is to ensure that changes to the meter and its operating
environment throughout the lifetime of the production facility do not result in unacceptable degradation of the
measurements. This may include

— physical inspection;

— calibration checks and calculation checks of primary and secondary elements of the system;

— removal of equipment for comparison against a recognized reference standard;
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— using

diagnostic checks available with certain types of equipment;

— validation by difference, e.g., by shutting a flowing product stream to check its influence.

10.3 Allocation procedures and process validation

10.3.1 Initial validation

It is essential to establish clear descriptions of the allocation system and the calculations employed in each of
the calculation areas. Calculations for allocation purposes may be carried out in the field using onsite fl

ow

computers|
locations.
the next.
“signature’

in facility-control systems, in company offices and, in very large allocation systems, at centraliz
t is evident that it is necessary to pay special attention to how one part of the system interfaces
alidation of the subsystems is usually by agreed acceptance testing, involving testing‘by-use
checks where known data inputs have expected or pre-calculated outcomes. System models {

replicate Key areas of the system, e.g. important calculations, timeliness of results (i.e. processing tin

balance ch

ecks, factor checks, etc., may be used. Full “end-to-end” checks from the measurément equipm

on each prloduction facility to the reports (results) should be carried out.

10.3.2 Pe

Under nor
made to th
the requirg

riodic validation

mal circumstances, periodic validation of the allocation system is done only when any change
e system. The allocation system should be designed with inbuilt.checks to warn of faults, preclud
ment for extensive, difficult-to-implement, periodic validations:

10.4 Data validation

At the vari
calculated
Refer to th

10.5 Pro
Process-m

the results
reflect ope

10.6 Allo

10.6.1 All

Trial resul
because s
checked td

bus nodes within an allocation system, checks aresmade to ensure the validity of the data report
etc., to reduce the possibility of product misalloeation due to data corruption by whatever mea
e allocation process diagram in Figure 6.

cess-model validation
odel validation may be done by varying the process-plant operating conditions and then checkin

compare with those predicted by the model. If necessary, the model parameters may be updateg
rational experience from suchra validation methodology.

cation-process results validation

pcation-process trial results

s are usually-run before final allocation results (reports) are produced. This can be, for instan
hmple analysis data are not yet available and an assumed composition is used. The trial results
ensurethey lie within predetermined limits to assure their validity.

red

ng

ed,

g if
to

are

10.6.2 All

. final resul

Once all the final data are available, the allocation system is run to determine the final results. Before the final
results are accepted and issued, they are checked to ensure that they lie within predetermined limits to assure
their validity.

10.7 Software validation

10.7.1 Initial software validation

The software for an allocation system is comprised of several program packages written by different suppliers.
These program packages interface to provide the complete allocation system. Each of these packages should

50
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be well specified, especially with regard to the interfaces with other packages. It is necessary to validate each
package, when produced, against its specification and then, when incorporated into the overall allocation
system, relative to the interfaces with other packages.

10.

7.2 Periodic software validation

The allocation system should be structured so that there are built-in checks to give confidence that the
software is working correctly. Periodic validation is required when a software package is modified or upgraded
and it is necessary to check out thoroughly both the package itself and its interfaces with the rest of the
allocation system.

11

11

11

11
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SYS
prd
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an

components between the gaseous and liquid phases that takes place in the shared trea

tra
€q

11

Th

b)

Classification of allocation processes

1 General descriptions and calculations
1.1 Mass component allocation

1.1.1 General
11.1.1 are described principles of mass-component volume-component and other types ofi
tems and in 11.1.2 are presented layouts for several allocation systems common in gas/d
duction.

ss-component allocation is the preferred allocation system when used on systems that delive]
I hydrocarbon liquids through the same pipeling?; This process accommodates the ex

hsportation facilities. This method also enablesistreams with differing hydrocarbon qualities t
itability allocated than by other non-component-quantity allocation methods.

1.1.2 Allocation by mass

e mass allocation process involves. the following steps (see Figure 12).
At each nodal point (see 4.4;1), meter all components by mass. The number of components
the analysis is determined by the composition of the gas. Gas that entrains a high prg

hydrocarbon liquids requires a more detailed analysis.

Correct the masses for any contaminants (e.g. hydrogen sulfide, water); generic equations ca
in Annex A.

Determineithe mass component flow for of all gas streams as given by Equation (19):

(XG,f,n X Mr,n )

Mg, =Mgey

allocation
ondensate

r both gas
change of
ment and
b be more

sed within
portion of

h be found

(19)

=
L(/‘ G,fn XM rn )
=1

3

where

Mgz, is the mass of gas for each field per component;
Mgcy  is the mass of gas for each field after correction for fuel gas and water;

XG fn is the mole fraction of each component for each field;
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d)

f)

52

Deterine the TITass comporent ftow of attcondensate streans as giver by Equation (207

wherg

Combine the gas and condensate mass components-{o give the total for each entry and delivery po
Each |component of the fluid flowing through aidelivery point is pro-rated against the entry pd
component quantities, as given by Equation (21);

wherg

M,

. is the relative molecular mass for each component;

c is the number of components.

Correct for any fuel/utility/vent/flare gas. See Annex B for generic equations.

As a minimum, the components C,, C,, Cj3, n-Cy, iso-Cy, iso-Cg, neo-Cg, Cg, C4, Cg, Cg, N, and CO,
should be used (lumping the higher hydrocarbons together). However, sometimes the uncertainty
requirements are such that all 58 components listed in ISO 6976 should be used.

(XC,f,n X Mr,n )
c

Z(XC,/‘,n X Mr,n )

n=1

~~

Mccern=Mcyx

Mccn  is the mass of condensate for each field per component;

Mc s is the mass of condensate for each field;
Xesn is the mole fraction of each component for each field;
M., is the relative molecular mass for each companent.

(Mg fn+Mccyur)
nToT
Z (MGlf,n + MCCJ',n)

n=1

N

MGfn = MT0OT 8 %

Mror, is the mass total of component » in the delivered gas mass at the custody transfer §
node;
ToT iS)the total number of input nodes;

iy, is the allocated mass of gas per field for each component.

—~~
T

nt.
int

pXit

Sum the individual components for each entry point to derive the total nodal point allocated mass, Ang s
as given in Equation (22):

C
A = D ANG (22)

n=1

where A4y 1, is the total allocated mass of gas per field.
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11.1.1.3 Allocation by volume

It can be necessary to calculate an associated volume for attribution, accounting and reporting purposes. The
allocated mass figures can be readily converted to volume by dividing by the density of the stream in question.
The method illustrated in the Figure 13 may be utilized.

5 Total Spent Field Condensate -
MGSS / Ps&Ts / / Gas Mz:s / /Com posifion/ / Mass / /M“ Frachor/
y

Oa
\U|
Calc Field Convert Condensat
Factor Cal Spent Gas Mass by Comp&
A.
v
A h /\‘%
Ficld Mass Watcl_' —»  Subtract > Connrf:’a‘ g »  Su and
| / Correction Spent Gas Mass by Component P ensate

Pipeline Allocated Field "x" Mass Q
Mass Components Com ponent Data QQ Leg end

N\ :j
“Q} Inputs

Split Pipelines Allocated
Gas Mnud by com pon;nf S\\C\ |
»| Pro-rated against other Allocation Masses
| fields in allocation A\QE Processes
xO
(\)b Storfed Data

>

-

Figure 12 — Mass-allocation process
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Com ponent
VO|Ume Com ponent - Component Allocated
Mol Weight Su’:_nar::::'on Mol Weight Masses
A

Allocated Convert to |, Calculate Calculate Calculate
Masses / Mol Fraction Com pressibility Density Initial Field Volume

v

Pipeline Total . .
/Qllocaicd Volume /F'clds‘ Volumc/

Legend
a Split Pipeline Total 7
SLm Volume _| Allocated Volume Pro-rated Inputs
Chmponents "]  against other fields Allocation Volume
in allocation series »
Processes
Stored Data

Figure 13 — Volume-allocation process

After the mass component allocation has been/performed the volume flow is calculated using factors from the
latest induptry standards in the following steps:

a) Deterine the composition of the allocated stream, expressed as a mole fraction, X using the
component relative molecularmass, as given in Equation (23):

i (Avg £ [ Ms),)
Xin=— ati (R3)
Z(AMG,/',n /Mr,n )
n=1
b) Calculate‘component compressibility using summation factors, as given in Equation (24):
C
Zp =1=1D Xy x B, )P (24)
n=1

where \/E is the summation factor for component » from 1ISO 6976.

c) Calculate the component density using component relative molecular mass, as given in Equation (25):

M
6, (25)

D, =Fqy.,x10
fon den Zf
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where

B
Faen = R ref ;

XTref ><1O
P, is equal to 101,325 kPa (1,013 25 bar);

R is in accordance with ISO 6976 and expressed in J-mol~1-K-1;

K

e . ’
d)| Calculate the component volume, as given in Equation (26):

AnG, £
Qf,=—2t" (26)
fn Df,n

e)| Calculate the total volume per field, as given in Equation (27):

Otot,r = ZQf,n (27)
n=1

f) | Calculate the allocation quantity per field, as given in Equation (28):

Or,s

A~ o = ’ 28

Q.f = 9roT X — (28)

Or,r
r=1
where

JroT is the total numberjof input nodes;

Ortot is the totalvolume at the export nodal point.

111.1.4 Energy

Ggnerally, the ultimmate aim of using a mass-based allocation is to calculate the energy for allocation|to a
solirce. After the_mass-component allocation has been performed, the energy is calculated as illustriated in
Fidure 14 using’the following steps.

QO
~

Using-factors from the latest industry standards, calculate the heating energy per component, gs given in
Equation (29):

Ure=AmG, 1 *Hu,e (29)
where Hy, . is the hydrocarbon heating value for each component, c.

1) Calculate the sum of the components for each field, as given in Equation (30):

C
Ut =2Usm (30)

n=1
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2) Calculate final allocated energy per field, as given in Equation (31):

Ur s
Ut
=1

where

fraT is the total number of input nodes;

Urot s the total energy at the export nodal point.

Ener| Com ponent
Initial Energy
/ A,‘l:i:::d ; ™ Calculation

Pipeline Total . ,
/Allocatcd Energy Field % Wolume

Legend
A |

- \ 3
Split Pipeline T O i
SLm Energy | Allocated Energy Proirated Inputs
Cpomponents i against other fields Allocation Volume
in albca@uriu. S —
o

\ 4

Stored Data

Figure 14 — Energy-allocation process

11.1.2 Quantity allocation

11.1.2.1 General

Quantity allocation (either in mass, volume, or energy) is more simplistic than mass-component allocation.
Suggested situations where this method may be considered are as follows:

a) where there are no hydrocarbon liquids for allocation. Such a system can result from the use of an
alternative pipeline system to export the hydrocarbon liquids, separate from the allocation and metering
system in question, or it can be assumed and agreed for commercial purposes that there are no
hydrocarbon liquids; (Agreements should consider how to handle hydrocarbon liquids if they are
received.)
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b) where hydrocarbon liquid quality is agreed for commercial purposes to be consistent across the sources,
i.e. produced quantities of liquids are negligible or of similar quality.
The input-metered quantities are prorated to the metered total at the custody transfer exit node, as given
in Equation (31):
Og, s
A = Ox——=>1 31
QG,f =9x Tror (31)
g, s
=1
where
(0] is the quantity of the delivered gas at the custody transfer exit node;
fror  refers to the number of input nodes;
Aqg, s the allocated quantity of gas per field;
Ogs is the quantity of gas for each field.
11]1.2.2 Mass-quantity allocation
Where the gas is metered in units of mass, it is possible to calculate the volume, moles, and energy providing
thgt a representative composition is recorded within the allocation system.
11]1.2.3 Volume quantity allocation
As|volume is used within many older agreements for nominating, targeting and substitution, any new system
thgt is dependent on the older systems can be required to use the same principles. However, as|discussed
abpve, mass streams can be readily converted to volume streams by dividing by the density. It i$ practical,
thdrefore, where it is necessary for a.new system to comply with old agreements, to gain the sinplicity and
flexibility of mass-allocation systems.
The volume quantities are caleculated within the flow computers; final allocation calculations are pefformed as
shown above.
11{1.2.4 Energy-quantity allocation
As| energy is usedwwithin many new agreements for nominating, targeting and substitution, many national
trapsmission systems use energy as the unit for trade. In such cases, energy is the preferred [method of
quantity allocation.
The g@antities are calculated within the flow computer; final allocation calculations performed as shown in
111110

11.1.3 Process simulation

Process simulation may be used in place of measurement equipment or, in particular circumstances, where it
is deemed acceptable due to low financial risk or marginal field viability.

The following are examples where process simulation may be used:

pipeline stock and/or “packet allocation”;

liquid determination, where there are no liquid-measurement stations;
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— liquid correction for wet gas measurement;

— pipeline stock calculation for mass balancing or stock apportionment;

— prediction of flow totals;

— vyield factors (component/full stream);

— shrink

— glycol
— fieldd
— intera

— richa

quality.

age due to liquid drop-out;
ecay;
ction/back-out;

hd lean gas: simulation may be used when streams are mixed to ensure a stream’is an accepta

11.1.4 Thermodynamics in allocation processes

As hydrod
temperatu
pipelines,

Chillers or
meet the ¢

The hydro
— cost/v

— factor

arbon streams travel through a pipeline or processing plant, Ahey are subjected to changes
br in liquid drop-out due to cooling and/or to changes in pressure in a gas pipeline.

“dew point units” remove excess hydrocarbons from a_gas system in order to dry gas so that it g
pecification for entry into the national gas network.

Carbon liquids removed by such units may be allo¢ated using the methods suggested below:
hlue/yield($)/recovery/process adjustment factors applied to allocated/metered gas;

5 based on agreed values or routine:samples/well tests, the value of the product and the quan

exported (sold);

— when
level t

— hydro
level {

— a comj
syster

11.1.5 Re

used in a mass component system, hydrocarbon liquids metered in mass and split to a compon
b combine with allocated (gas quantities;

carbon liquid/gas rafio)used based on the mass of the metered gas and calculated to a compon
b adjust for the hydrocarbon liquids during the gas allocation process;

mercially agreed assumption that no hydrocarbon liquids are produced or transported through
h modelléd by the allocation agreement.

conciliation

ble

in

e and pressure that can result in an exchange of components\between the phases in multiphase

an

tity

ent

ent

the

The reconciliation process is one which may be performed on a routine basis and may be a requirement under
the terms of the allocation agreement.

It may be used in the following circumstances:

— as a predetermined method to correct for mis-measurements in a regular and controlled manner;

— to correct for fluid factors or compositional data from that of an assumed data set to that of a final data

set;

— prior to issuing the finalized allocation statements for the accounting period.
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11.1.6 CGR determination

11.1.6.1 General

In some situations, it is important to know the condensate-to-gas ratio (CGR). The methods given in 11.1.6.2
to 11.1.6.4 may be used.

11.1.6.2 Test separator

A field or well may be routed to a dedicated separator (test or production) that measures the gas downstream
of the separator vessel, separates the hydrocarbon liquids from any water and then meters the assdciated
hydirocarbon liquids. The following guidelines should be followed.

—| The test should be performed for the maximum time possible to achieve the best)possiblel accuracy,
preferably in excess of 24 h. The well flow-line length should also be taken into aceount.

—| The frequency of the tests should be specified within the agreement and should be based on the
expected stability of hydrocarbon liquid production from the field(s).

—| The well or field should be flowing prior to the beginning of the testtto ensure stability and, therefore, a
more accurate result.

—| The meters should be of a good standard and the separator ¥essel of suitable capacity.

11]1.6.3 Tracer

Tracer methods can be used to determine CGR in a(wet-gas stream. In principle, all that is required is a
suitable gas tracer and a suitable condensate tracer. In practice, no suitable gas tracer has been found. This
megans that it is necessary to measure the gas flow,on the stream in question. This discussion assiimes there
is & wet-gas meter of the differential-pressure type.

The following steps give the CGR.

a)| Measure the flow rate of the condensate using a condensate tracer.
b) | Measure the flow rate of the water using a water tracer.

c) | Determine the total liquid flow rate.

d)| Note the uncorrected wet-gas flow rate.

e)| Determine-the over-reading of the wet gas meter due to the liquid.

f) | Correctthe wet-gas flow rate to a dry-gas flow rate.

g) | ‘Betermine the condensate-to-gas ratio.

11.1.6.4 Well test

For a well or field where there is no access to a permanently installed separator, the CGR can be obtained
from a well test performed when the well is initially drilled or the subject of a work over. The gas is flowed to
flare through a standard process of separation and metering the gas and liquids.

Essentially, this approach uses a test separation to acquire the required data; see 11.1.6.2 for further details.
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11.2 Allocation systems layout
11.2.1 Gas only

11.2.1.1 Description

It is necessary to characterize the gas flowing through a “gas only” system as “dry.” Such a system can
possibly use an alternative means, apart from the allocation and metering system in question, to export the
hydrocarbon liquids.

measurement node, it is necessary that this be stated in the allocation agreement, together with the @ctions
that it is ngcessary to take if hydrocarbon liquid products are received at the measurement node. Suck’ liquids
should be|defined as either a valued or a waste product, and there should be a method specifying how to
determine [ownership.

If it is aiiumed that no hydrocarbon liquids are produced from the field or are transported through_the

For the mgasurement requirements, refer to Figure 8.

In [ Dry Gas
Out |: Dry Gas (possibly Liquid)

Reception Gas Metering

'/ . \ {'I,/’ﬁ'\.
_'\\ M /" ’—{‘\\ M
e Rk Output Gas
Somcen g Metering Station
= Processing
— L )— = .
- Possibly e { M ) S
Source B Liquid Hydrocarbons ~—~ Output

Liquid Hydrocarbons
Metering Station

Figure 15 — Gas-only system

11.2.2 Dry-gas-in;dry gasand liquid out

11.2.2.1 Description

The layout in the diagram is used where liquids drop out during processing or where two-phase flow is
present. It removes the need for wet-gas metering. Further processing can be required to enable the gas to
meet the entry standards to a distribution network.

An additional meter may be used to measure the quantities removed through the final processing stage. This
can be necessary if the source streams have significantly different qualities.

For the measurement requirements, refer to Figure 8.
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2.3 Wet-gas combined in; dry gas and liquid out

2.3.1 Description

lities.

- the measurement requirements, refer to Figure 8.
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-

\
:M; Liquid Hydrocdrbons -

Figure 16 — System with dry.gas and liquid in, dry gas and liquids out

input measurement nede.is required to meter a two-phase flow, possibly sub-sea.
parators or slug-catches may be used to remove liquids prior to processing.

additional liguid-hydrocarbon meter may be used to measure the hydrocarbon liquid quantitie
bugh thedfinal processing stage. This can be necessary if the source streams have significanly different
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