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1. Summary

Since 2010 all fiscal and non-fiscal streams floeasurement and allocation calculations
on the operated Centrica Energy Upstream (CEUhoftsfacilities in the Dutch
continental shelf of the North Sea are implemeiigthe virtual flow computer (VFC)
based systems.The VFC systems on the offshoidiéscof the CEUs assets operate in a
fully redundant hot standby configuration handlihf complete metering streams on the
recently commissioned F3FA asset to a total oftddams with more than 400 hundred
continuously sampled signals from the field insteimtation and demanding allocation
calculations carried out in real time on the J6&&er Markham Area (GMA) asset.

The transition from a conventional flow computesteyn to the VFC system was
performed on the J6A offshore facility operatingagsroduction hub for both mature and
newly developed assets within the CEU operated GM# existing duty and standby
systems were replaced by the VFC. The substitutidhe old system was accomplished
in 12 working days on site while keeping the platigroduction undisturbed during the
live changeover activities. The adoption of the \ié€hnology on J6A installation
resulted in the implementation of the same typa ofeasurement and supervisory system
on the new F3FA installation commissioned in 2011.

The VFC system offers a high degree of integratth numerous advantages such as
centralized calculations, use of the real timedfijpioperties and composition
determination (from flash calculations), fasterleyiimes, clear visualization of the
calculation procedures (VFC graphic applicatioeifsice) and upgrade flexibility.

There are a number of field examples where a VREeay has been used to handle utility
streams and non-fiscal measurements. This ist$igifne it has been implemented on the
CEU operated installations for the fiscal flow ma&a&snents of natural gas and condensate
with the sales allocation, including that for thpdrties streams. The successful
implementation and demonstrated adherence to fhlecaple standards and requirements
of the authorities led to adoption of the VFC datare standard for all existing and future
assets in the Netherlands.

2. Introduction to Centrica’s practices at the operatel assets in the Netherlands

The Markham field, operated by Centrica Productdederland BV, is located in the
Southern North Sea straddling the border betweerDilich and the UK sectors. This



area is referred to as the Greater Markham AreaAlGMEMA is operated by Centrica
with partners including Dyas, EBN, Total E&P Neded, Total E&P UK, RWE, Sojitz
and Nuon. The J6A offshore platform is the GMA Habthe natural gas and condensate
export via the West Gas Transport pipeline (WGPerated by Wintershall Noordzee
B.V, with landfall at Den Helder in the Netherlanfise wet natural gas from the GMA is
processed on the J6A installation to the expcetiigation, and allocated to individual
fields and to each partner. The GMA productiontrce is displayed on the schematic
below.
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Figure 1 The Greater Markham Area and the J6A —riCaroperated fields

Production from GMA fields flowing via J6A into th&GT pipeline is sold via a number
of individual sales agreement contracts. In addjtMarkham and all other field import
streams arriving to J6A are regarded as directtispaams into the WGT pipeline. This
requirement, along with the diversified gas satd®emes, significantly adds up to the
complexity of the flow measurement, operations all@tation calculations done on the
J6A platform. The essential allocation principleehis that all measured flows must be
corrected at J6A export conditions in order toldgth the actual contribution of each of
the wells/fields into the WGT pipeline. When thepex flow is known for each import
stream, the J6A platform fuel and vent gas arecatkxd to each stream based on its
contribution in total production, while the compEs fuel gas deductions are allocated to
those streams using compression. To reconcileichailly determined flows with the

total export, each party's flow is proportionedhe fiscally measured export total. This
represents a minor correction, and ensures thahdndual flows are normalized to
export production rates. The reported J6A allocetigures to each field are reconciled by
the WGT sales allocation procedure on the hourbeband monthly basis. The flow
diagram of the Markham and third party meteringesysis displayed in Figure 2.



Markham and Third Party Metering schematic
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Figure 2 The J6A flow measurement diagram

The Windermere is unmanned satellite platform wipiddduces the natural gas from two
wells, measured by wet gas venturi tube flow mefeog-fiscal) prior to export to the ST-
1platfrom. Total Windermere import flow is measucedthe ST1 by means of a dedicated
fiscal venturi flow meter.

The ST-1 unmanned platform, receives the natuiafrgen Windermere and the
Markham B1-B6 wells. The ST-1 is equipped with adarction and a test separator used
for the venturi calibrations. There are no dedidatenturi flow meters for the individual
B1 to B5 well flow lines as opposed to well line Bed Windermere. The Markham well



B1 — B5 gas flow is calculated based on the wefigpmance derived from the well tests
using the test separator. The B6 venturi is vatiddtcalibrated against the test separator
gas and liquid flow measurements. The test sepavatput is measured using the orifice
for gas, and Coriolis flow meters for water andademsate. The test separator input can be
connected to any of the ST-1 wells, or the Windeenflew line.

The K1A platform is a third party unmanned sate]livith four wells. After the K1A
production separator, gas and condensate flowthetdK1A export pipeline to J6A. On
the J6A, downstream a dedicated slug catchercalfidtrasonic flow meter measures the
incoming gas from the K1A platform. The K1A condatesand water streams are
measured by Coriolis flow meters. The K1A condemsain be directly exported if the
pressure is sufficiently higher than the WGT pipelexport pressure. The K1A gas flow
could bypass the J6A process installation andtjast before the export meter, provided
compression is not needed.

Grove is another unmanned satellite platform tretbithe J6A. Five Grove wells produce
the gas measured directly to the J6A as thereamgas treatment facilities on the satellite.
The import wet gas flow from each well on Grovenisasured by a venturi. The
comingled gas from Grove wells is measured byaafigrade venturi on the J6A
Compression Tower (J6A-CT), and separated in étleeoslug catchers, HP1 or HP2.
Where an ultrasonic flow meter is used for gas megsent, condensate and water flows
are measured by Coriolis flow meters. The Gravadensate from the HP1 or the HP2
slug catcher train can be directly exported ifphessure is sufficiently higher than the
WGT pipeline export pressure.

Chiswick is an unmanned satellite platform tiedarthe J6A in 2007. There are four wells
on Chiswick, and similarly to Grove, the wells puod directly to a 10 inch export sub-sea
pipeline to J6A as there are no facilities on bdardhe gas treatment. The commingled
gas from Chiswick wells is measured by a fiscatigraenturi on the J6A and separated
from liquids in one of the slug catchers, HP1 o2HPhe Chiswick condensate from the
HP1, or the HP2 slug catcher train, can be dirextlyorted if the pressure is sufficiently
higher than the WGT pipeline export pressure.

Stamford is a sub-sea well completion added amaorit stream to the J6A in 2008.
There is a dedicated venturi flow measurement erd@A, and the gas can be diverted to
either of the slug catchers, HP1 or HP2.

The J6A platform also receives the flows directbynfi four Markham wells, A1-A4 wells,
and two third party wells J3aC, and K4aD. The Marklifield flow is established as the
sum of the mass flows from the individual Markhanard B wells, measured on the J6A
and ST-1 respectively. All Markham wells imponis are measured using a dedicated
fiscal grade venture flow meters. The platform aasst separator fitted with an orifice
plate measurement for the gas, Coriolis flow mefi@rsvater and condensate.

The J6A fuel gas used for compression and powegrgéon, and the vent gas are
measured by orifice plate type flow meters.



Gas export measurement is by two high accuracgadtric flow meters arranged in
parallel duty and stand-by meter runs. The conderesgort is measured by two Coriolis
flow meters, as well arranged in a parallel dutg atand-by meter runs configuration.

3. Flow measurement system on the J6A — Greater Markha Area production hub

The architecture of the flow measurement systertherd6A prior to the change in 2010 is
given in Figure 3.
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Figure 3 The J6A flow measurement computer andrsigzey system before the change

The flow computers used are Solartron type FC Sbprders which were installed in
1996. The three integral parts of the J6A metesygiem are:



1) The ST-1 metering system component consistirfiyefflow computers of FC 55 type,
redundant flow computer switch modules (A and Bkdid to the redundant Data Base
Computers (supervisory DBCO1 and DBCO02 servergher6A via radio link, and local
Supervisory Computer (SC) for downloads of the flmwnputer applications,

2) The J6A host platform has fifteen flow computeesiundant flow computer switch
modules (A and B), redundant hot standby DBCO12BE02 servers linked to the

Office Network (Ethernet), DCS, Markham Producterver (MPS) — used to generate
and send the production reports , for flow compuaterfiguration download and Ethernet /
fiber optic switches. As the FC 55 flow computersvedready considered obsolescent
technology with the post sales support becomingeasingly difficult, it was decided to
build the J6A-CT flow measurement system aroundr& Yechnology.

3) The J6A Compression Tower (J6A-CT) meteringesysinodule consisting of one
Virtual Flow Computer (VFC), I/O module, linked tike DBCO01 and DBCO02 servers on
J6A, and to the Office Network (Ethernet).The J6A:as installed in order to increase
the J6A total compression capacity, and to receexg import streams initially coming
from Grove and Chiswick satellites and later frotar&ford sub-sea completion as well.
Next to the well lines the J6A-CT accommodated $hug catchers where each could be
used as a test separator for the dedicated Grdwswick and Stamford venturi
calibration. This amounted to 6 additional maimflmeasurement streams (see Figure 2),
plus the utility streams measurements (e.g. fuglfgathe new compressor and methanol
and corrosion inhibitor injection) to be addedhe existing metering system three were
handled as direct fiscal exports into the WGT pipel

The VFC selected for the J6A-CT was a PIP 9 typkezided industrial computer (with a
1 GHz processor and 512 MB system memory) whicl tse type of application builder
able to create flow computer applications simitathtose programmed in the FC 55 flow
computers, therefore ensuring a full compatibiiyh the running system on J6A. The
J6A-CT VFC computer had MS-Windows based systerh,wittotal 5 flow computer
applications corresponding to new main flow measam@ lines. Compared to previously
used FC 55, the VFC was equivalent to five FC Shmaters plus the utility streams,
which were managed within the same main five VF@liaptions addressed as “Grove”,
“Chiswick”, “Stamford”, “Slug01” and “Slug02”. Thanalogue input field measurements
(e.g. line temperature, pressure, differential gwes) were communicated to the VFC via
I/O module. The mass flow from Coriolis flow, oo from ultrasonic gas flow meters
were communicated directly to the VFC as a semglad. The J6A-CT VFC incorporated
calculation blocks (e.g. ISO 5167, ISO 12213, 1®06etc.) officially approved by the
Dutch national metrology authority, the NMi (Nedettilse Meetinstituut), assuring that
the calculations are carrier out according to aplie standards and WGT transportation
agreement requirements. Over the time the VFC #n@6 showed good performance
with regard to available computational power, sigband reliability with zero failures.

As the overall J6A flow measurement and mass badgrapportionment calculations of
flows back from the main J6A export became moreatating, the good performance of



the J6A-CT VFC was contrasted by the FC 55 statorgxperience difficulties with the
flow calculations and communication (especiallysta@on unmanned ST-1 satellite),
which lead to production reporting errors and iasexl work load to perform the
corrections. For example, a flow computer wouldezignce a break in communication,
idle due to insufficient computational power (doehe required shorter cycle time to
complete the calculations), or fail to restore ¢hkulation correctly after a power cut.
Incorrect production figures on one flow comput@ud compromise the entire allocation
procedure as the daily totals would appear incotapéading to the J6A export
calculation and production allocation errors. Ialsgases the intervention from the
Metering Department and personnel offshore woulddmessitated in order to restore the
proper operation of the affected flow computer eswhlculated the production and sales
figures.

Soon, it became evident that there was a good ehthiat the system performance and
reliability might be adversely affected and deviatere frequently than acceptable from
those required for a fiscal metering system. Theeafghe system, the rapidly decreasing
reliability followed by the additional complexitynd diminishing support service and
spare parts availability, and announcement fromhaufacturer of production phase out
of FC 55 made the flow computer replacement inblata

The subjects of modification were the fifteen J&@wf computers, I/O module and fiscal
metering supervisory computers. The primary andrsgary field flow measurement
equipment remained on their positions as beforevéeturi, orifice plates, ultrasonic and
Coriolis flow meters etc., but all pressure, tenapare, and differential pressure
transmitters on host J6A platform were set to comicate a digital, HART, output signal.
The 1/0 module installed on the J6A-CT remaineglace receiving the analogue and
digital field signals from the compression towerasrement lines. The transmitters of
several J6A Coriolis flow meters were modernized,by exchanging the transmitter
head electronics with modern processors. The chahtle J6A flow metering system
involved the replacement of all FC 55 flow compaten J6A by two redundant new
generation VFCs , as well as the DBC01, DBC02 afSMervers due for replacement
every 4 years to ensure reliability. The new VFCsaahed on the industrial grade HP
Proliant DL 360 server computers (the same typeeasDBCs and MPS servers), which
incorporate the NMi approved calculation blocksikny to the VFC predecessor on
J6A-CT from 2006, reflects a state-of-art technglagd have an ample computing power
— a fast and configurable calculation cycle timenaiimum 1 second are available,
compared to 5-20 seconds by the former system.

Greatly enhanced computational power enables oghiseproperties and flash
calculations (formerly data was derived using pohyial curve fit table calculations)
providing a better representation of the J6A exgag mixture composition and allocation
calculations. A third party flash calculations pag& is appended to the VFC applications in
a form of subroutine using the advanced Redlich-Kgv8oave (RKSA) equation of state.
The reservoir composition of an import stream exus the on-line flash calculations with
actual line pressure and temperature to determeeurrent gas mixture properties. The
flash calculations are triggered when a set deviati pressure or temperature is reached



(e.g. 2°C and/ or 0.5 bar), this to limit processsage of the virtual flow computer. When it
is possible to have more than one import streawirlp through the same test separator /
slug catcher, each with a different reservoir cositppms, the imbedded active logic in the
VFC performs the identification of which of theesims / reservoir compositions are
connected depending on the import valves positifith the lined-up stream / reservoir
composition and the actual line pressure and teatyrerat slug catcher or test separator
conditions, the flashed composition is calculalieghore than one stream is at the same time
online, the mixed composition is calculated withidlproperties of that particular mixture.
The calculated properties are downloaded to thafsp¥FC block for the calculation of the
flow rates and totals. Details of the gas compmsiéire held within the database computers
and are periodically updated.

Further, a benefit of reduction in the measuremacertainty due to the usage of direct
digital signal should be mentioned as well — forimdre field data was based on analogue
signals, received by a FC input card which convktibe analogue signal into a digital
signal used by the FC with the unavoidable additi@ard and signal conversion
uncertainty. A screenshot of the actual J6A “ExpdsA” VFC application interface is
given below in figure 4. As previously mentionduk featured VFC calculation building
blocks are NMi certified.
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The system is MS-windows based, meaning the replantin a case of failure shall be
swift and without problems using the backup flownguter applications and
configurations files. To build a new VFC applicatis a matter of selection of the
calculation blocks, their configuration to perfoparticular operation (e.g. input block of
the raw field values, AGA 8 block, interpolationtotalisation block) and configuration of
the VFC drivers to communicate via OPC with the ®@dule on one side, and with the
DBC interface software on the other side which régaéhe VFC as the service.

Time synchronization using the internet atomic tictaek via office domain controller
ensures that VFCs run with exactly the same tinte @®BCO01, DBC02 and MPS, which
is essential for the calculation of hourly and gélibw totals and summations. The VFCs
send flow calculation figures to DBCs in 2 secogdles and time synchronization
between VFCs and DBCs is important in order to enthwe stable calculation of hourly
and daily production totals. These VFCs are easihfigurable and capable of handling
all current streams, while still leaving the capador addition of new streams in the
future, or for modification of the existing applitans with a broad range of additional
monitoring, trending and alarming features. Thaeeakd degree of integration is very
high with all VFC applications (each applicatiorthe equivalent of a multi-stream
conventional flow computer) and calculations perfed by one computer, that is, two
computers with increased availability and relidpias the J6A VFC is truly redundant
running in a hot-stand mode with no failures byao

The J6A metering system consists of two databasguters DBCO1 and DBCO02 on the
top level of the system architecture connecteti¢adiedicated virtual flow computers
VFCO01 and VFCO02 respectively. Each data base canpotlects and stores fiscal data
and system events / alarms in its own databasefuastions independently from another
one in a truly hot-stand-by redundant configurategarding the data collection and
storage. The two DBCs also serve as a primaryfagerto the metering system. The data
base computers are connected to the Markham Produ#erver (MPS) which collects
metering data from the ‘Duty’ database computetsganerates daily production files and
reports.

All essential production and allocation figures esenmunicated to onshore database of
the office server (permanent historical and backagord) via the office network with the
access guarded by a firewall preventing any unaizibd access. The DBCs, VFCs and
MPS are additionally secured for the authorizegssdy means of login usernames and
passwords of several levels, e.g. operator engesministrator just list the number of
levels as descriptions are not required. The pidigibf remote connection from a
dedicated computer enables the authorized perstmdetkectly access the J6A flow
metering system for monitoring purposes, or if iegf) to provide an immediate support
for corrective maintenance or assistance. Additlgrmae report printer offshore is
connected to the metering network via the printeseservice.

Two virtual flow computers VFC01 and VFCO02 obtairakbbgue and digital field signals
via I/0O modules (e.g. P, T, dP, etc.) as well ambksignals through serial signal
convertors from certain number of the field instentation (e.g. ultrasonic meters,



Coriolis meters and DCS). In case of unlikely feelof the Duty DBC, or VFC, the operator
has the possibility to automatically switch therfgtay database computer to Duty.

The J6A DCS utilises a redundant serial link to camicate with both database computers.
The metering system exchanges some specific d#taha DCS, i.e. metering system
receives relevant field signals (e.g. valve op@seetl statuses, well and down-hole, etc)
and data from the satellite platforms (e.g. ST-1AKGrove, Windermere, Chiswick) and
sends the both data and calculation results battletd6A DCS.

The data base computers and virtual flow computere moved from the J6A Central
Control Room (CCR) to a local electrical room (LEd®) the J6A Compression Tower,
and communicate with the metering equipment ordéfeand in CCR via Ethernet / fiber
optic connection. The reason for such a move wababe the noise in the J6A produced
by 5 industrial server computers and additionasfam that case, required to be installed
in the cabinet for cooling.

The components of J6A metering system and theatiomality can be summarized as in
the table below.

System Quantity Brief description of functionality
component

Database 2 off Communication link between all flow computerfor
computer measured data, calculated data, events and alarms,
(DBC01/DBCO02) communication link with the DCS system and link tte

Office LAN, a human machine interface for the opers
data logging to maintain a historical record of teeeived
data stored onto the local, redundant, hard disk.

Virtual flow 2 off Receives field metering input signals via |/@odules,
computer performs fluid properties and flow calculations &nd
(VFCO01/VFC02) corrections, calculates flow totals, runs the J@Wcation
calculation procedure
Markham 1 off Collects metering data from the ‘Duty’ databacomputers,
production generates daily production report files and setdsnt via
server (MPSO01) email internally and externally, provides the ifaee for data

exchange between the J6A metering system and WGT
pipeline operator’'s center

J6A DCS 1 off By means of redundant serial links, the matersystem
exchanges some specific data with the DCS — loedd f
signals from the satellite platforms are commumidavia
DCS to the metering system

ST-1 flow 5 off FC55 flow computers with simplified functiditg used as
computer remote I/O stations to gateway the ST-1 field digna the
virtual flow computers on the J6A

ST1PS server 1 off Local supervisory PC type computer on thelSiiith limited
functionality, used for the visualization of the -$Tmetering
streams and for flow computer downloads

Table 1 Overview of the J6A metering system comptsand functionalities

Owing to the new metering set up, the functionalityhe ST-1 flow computers have been
altered and simplified in order to decrease theutation load. At present, these flow



computers do not perform any flow calculations, jnst gateway the ST-1 field signals to
the redundant VFC connected to the database comsprighe J6A through a dual radio
link. The “stripped” ST-1 flow computers were tastes the field I/O units. Therefore, a
new I/O module was not installed on the unmanned Satellite, which steadily
approaches its end of production life as the regteent would introduce additional costs,
as well as technical and logistical challenges.

The architecture of the new VFC based flow measargrsystem on the J6A in use since
April 2010 is given in Figure 5.
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Following the success of the new J6A VFC compugstesn, the same concept was
adopted as basis of the design for the flow measemésystem on CEU’s new offshore
installation F3FA. The F3FA is normally manned fdanh within the Dutch F3 sector of
the North Sea some 230 km north of Den Helderitieda the 20 inch branch pipeline,
operated by Wintershall, to the NOGAT pipeline @ped by the Gas de France. The
F3FA installation produces natural gas from theA8Eld, currently, one well (FA-A1)
with ability to accommodate future wells. The reeei hydrocarbon well head gas is
measured by a venturi flow meter complete withodelifferential pressure, pressure and
temperature instrumentation. The fluid flowing thgh the FA-A1 venturi (import) is
saturated hydrocarbon gas with a quantity of degeétiquid, including a small quantity of
produced water. The import flow is directed to pasator where the gas is separated from
the liquid phase. The gas is, dried and the fugligaubtracted prior the gas is measured
by the export metering station. The F3FA can precuatural gas either on free flow, or
on compression depending on the available well peaduction pressure. The F3FA gas
export metering station comprises of two meter aresduty-spare configuration, each
equipped with an ultrasonic flow meter, and instemtation for the line pressure and
temperature measurement and the single gas quaitiyile, which features an automatic
gas sampler and dew point measurement unit. Tperated condensate is pressurized to
export pipeline pressure and is measured by Cenoéiss flow meter in duty-spare
configuration. The import and export measuremetd dee transferred to the F3FA
supervisory system.

The simplified F3FA flow diagram and the flow measuent system schematic are given
in the Figure 6.
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Figure 6 The F3FA flow measurement diagram andrsigmey system



Similarly to the J6A system, the F3FA flow measueatrsystem consists of two database
computers, DBCO1 and DBCO02, highest in the systemitacture hierarchy, each
collecting and storing fiscal and allocation cadtidn results, fiscal data and system
events and alarms in its own database. The DBCgifumindependently one from another
in a truly redundant configuration regarding théadaollection and storage. The data base
computers are connected to the F3FAmetering prauserver PS, which collects
metering data from the selectable ‘Duty’ databasaputer and distributes the real time
data to the NOGAT operator and generates dailyymtiah reports stored in historian
data base of the office production server.

The DBCs have a full Man-Machine Interface foraalailable equipment and serve as a
primary interface to the metering system. The comication with the metering systems is
realized through the local TCP / IP metering nelwdhe access to DBCs, VFCs and
MPS is regulated by “guest”, “operator”, “enginearid “administrator” levels of
authorization. In the same fashion as with J6Atatise communication with the office
production server, and remote access to the sigoeywsystem from the office or
elsewhere is only from the dedicated company’s agerg assigned to production

support personnel e.g. flow metering engineer.

The DBCO1 and DBCO02 are connected to the dedicatichl flow computers VFCO1
and VFCO2 respectively, providing for physicallyohsystems running in a hot-standby
arrangement. For the F3FA data base computerselhasvfor PS, ProLiant DL360 HP
type serves were installed, the same as used al6#keThe flow calculations are
performed by the VFCs installed on the Moxa DA-88& mounted type imbedded
computers, which obtain field signals via I/O mau(e.g. P, T, dP, etc.). On the F3FA
the advantage is given from design stage to difigk inputs, e.g. HART pressure and
temperature signal, while analogue or pulse fiefit signals were kept by only few
devices where really necessary such are gas dewrpeter or gas automatic sample
grabber. The signal from export gas ultrasonic ffogters is communicated directly to the
VFCs by means of a serial signal via serial in@utiof the VFCs.

Following the practice on the J6A, the F3FA VFCsoirporate the NMi approved
calculation blocks, have sufficient computationaiver, easy to configurable, with
capacity for the addition of new streams, or fordifioation of the existing applications.
The same Moxa imbedded computer was initially itedaon the J6A as a platform for
virtual flow computer applications, but turned thaten the extended system memory to a
maximum of 1GB for this type of imbedded computtafdard 512 MB) was insufficient
to cope with calculation and communication for timany streams as present on the J6A,
and were replace by the current ProLiant DL360 eives computers with adequate
memory capacity and computation power.

4. The J6A changeover project — transition to a fullWFC based system
The subject of modification on the J6A was fiscatening supervisory and flow computer

system, while the flow measurement field equipmentains unaltered e.g. pressure /
temperature transmitters, venturi, orifice platésasonic and Coriolis flow meters. The



functionality of the old system was entirely preser with a noticeable increase of
additional computation power and flexibility.

The new VFC flow metering system was integrated@mrdmissioned during the J6A
continual operation without production stops otutisances. During the changeover, the
J6A flow metering system redundancy was tempor&ogy as the modification was
carried out on one system at the time while therotfad to handle the platform
production. The actual production was running andld configuration (FC 55
computers) of system 1 with DBCO1 set as DUTY owlkile the modification was
carried out on the system 2 (DBCO02, VFC02). Whenrtew system 2 was fully installed,
it was tested with the real production online fegiand compared with the old system 1
still running on the old DBC1. After successfulidakion and verification of the data,
which are now coming through the new system, tve DBC2 was set as DUTY while
the old DBC1 was subjected to changeover. WheB@€1 upgrade was done, the J6A
metering system regained the full redundancy in cemfiguration, see Figure 3 and 5 for
reference.

The input signals from the field instrumentationrevenade available and communicated
through the Ethernet TCP/IP on the Metering Netw®tks feature required the use of
HART signals from the field instrumentation, thattemperature and pressure
transmitters, while for the communication of figlerial link, the serial-to-Ethernet
Modbus signal converters were installed used étigasonic and Coriolis flow meters as
shown on the schematic below in Figure 7.

J6A
@ J6A
Q Araloaue ) Fiow @ HART —| 1O
o 4-20mA [Computer g Module
Serial ——— Serial Serial-to-
Ethernet
Pulse DCs Modules
Digital ———— , , Virual
Switch Switch Elow
J6A-CT J6A-CT Comlputer
Data Base
Analogue | /0 Computer e Analogue | 1O DataBase
Q 4-20 mA_> Module| o 4-20mA Module| Computer
Virtual Serial-to-
Serial Flow Serial Ethernet
IComputer Modules
Old flow metering system VFC flow metering system

Figure 7 Change of the J6A field instrumentatigouinsignal and configuration



A change of design on the existing installationindroduction of a new measurement
technology which may affect the J6A operation aadniput into the pipeline, is subject to
a formal review and approval of the Technical Cotteriset up by delegates of the WGT
pipeline operator and the party responsible foMHeT sales allocations and
reconciliations. With regard to that, several megsiwere organized with representatives
from Wintershall Noordzee BV and NAM BV (Shell),thanembers of the WGT
technical committee. The applicability of the ne@®AJFC concept for the fiscal and
technical GMA streams was presented during thessa®es, and the compliance with
relevant standards and requirements of the tednauiceendum of the WGT
Transportation Agreement for flow measurement syste/as successfully demonstrated.
The result was the approval for use of the systanntended purpose. The type approval
for the VFC could not have been obtained as the Ht a classic flow computer with
strictly defined hardware and modules, but it thea a software platform installed on a
variety of generic, good quality, industrial comgnstwith customized flow calculations
and interface to other elements of the supervisgsyem to suit the actual flow
measurement application. The VFC applicationstaveiever, built from blocks which
comprise the calculations according to internatigreeccepted standards and
recommendations e.g. 1SO, AGA, API, NX-19, PTZ58kg etc, which are NMi
approved for the type of VFC used on J6A and F3Rtfqrms — for the F3FA the same
approach was taken with regard to the NOGAT pigetiperator and NOGAT flow
measurement technical requirements (e.g. relighditcuracy, integrity), while the system
was approved by Gaz de France Suez BV and Winiei¢bardzee BV.

The modification project on site took place in gotied steps with each step completed
before the next step could take place in orderamtain the integrity of the fiscal
measurement system, and to avoid production dasadoring the live system changeover.
The changeover project execution onsite was orgdnizthe following sequence:

» Prior to arrival of the upgrade team, the backuplb$ystem configuration files,
applications and records was made. Further, mechlanstallation of the new
server cabinet and the core processors preparfatiamstallation in the field was
done before arrival of the upgrade team.

> Installation of components in the new server cahiB&-CT, day 1 on site — The
old PIP 9 VFC in the existing cabinet had to bensmted to the network via new
Ethernet switches in the new cabinet in ordertouianeously enable data transfer
to the system 2 (stand by) which was undergoingki@ge and the old duty
system 1. Once the new switches were ready ther@dvas removed. This period
was kept as short as possible and no fiscal dasdoga

» Installation of the swing frame with the new J68 hodule (PLC) and
installation of the new MTL batrriers, day 2 andrBsite — The new PLC and the
barriers with digital and analogue outputs fordisignals were installed in the J6A
metering cabinet in the CCR. The new barriers with outputs were installed for
one by one flow measurement stream i.e. import segsarator, fuel gas and export
streams in order to enable field input to bothaitly system 1 and new system 2.



The old FC 55 computers had to be reconfiguredabniee time of the each stream
being worked on to receive the input signals froenew PLC. After this step the
old system 1 the new system 2 was running in mnaith all J6A transmitters
connected to the new PLC.

Installation of the serial-to-Ethernet modules #@module on J6A-CT, day 4 on
site — The communication signal of flow meters 6A-LT (ultrasonic and
Coriolis) was changed from serial to TCP / IP EtleérDue to change of the
protocol of serial devices from "modbus serial"r@dbus TCP/IP" and change in
the modbus addresses of the I/O module, the fighancunication from J6A-CT
was shortly disconnected from the metering systemha VFC interface software
had to be updated for the new configuration.

Setup communication with ST1, day 4 on site — Tdr@munication with the ST1
flow computers was tested. Before testing the comeoation between the new
system 2, VFC02 and ST1, the old standby systent haw® been shutdown.
Upon completion of this changeover step, the STa& @ommunicating to the still
duty old system and new system 2, there was nestalttlby system anymore.

Preparation to compare old vs. new system, day$tern- Before the old and new
system could be compared the following serial comigation was enabled: J6A
export condensate stream 2 switched from Hartd@pi) to serial, K1A gas
ultrasonic and liquid Coriolis flow meters from palto serial RS 485, and the
DCS communication.

Testing old against the new system simultaneodsly,5 on site — At this point the
old and new systems were running simultaneouslyy e serial communication
of the J6A Coriolis flow meter was not yet connedie the new system. At this
point it was possible to compare the old and nestesy. This was a hold point:
before the work was continued it had to be enstiradnew system worked

properly.

Coriolis flow meters RFT exchange with the coregessors and other serial
communication J6A, day 6 on site — After this dtepold duty metering system 1
was not in use anymore and the new system 2 wigsofprational. The J6A
condensate was exported through the export Coflolismeter of export stream
2 in order to finalize the change to serial signalthe export stream 1 Coriolis.
The J6A test separator Coriolis flow meters signee changed to serial RS485
signal, too and the DCS serial communication erthfdenew system 1.

Download new applications ST1 flow computers, d&ydh site — The
communication between new VFCs on J6ACT and thd 8dw computers was
completed. In this step new flow computer applmadiwere downloaded to the
ST1 FC 55 flow computers. After this step the nelC¢€ received status and input
signal values from each of the ST-1 FC 55 computengch acted only as a
remote /O station without other functionality.



Remove the old duty system and setup the new gstem to the network and
clean up / arrange the cabinets, day 7/8 on siiee-unused components were
removed out of the cabinets and the metering cébinel6A CCR and J6A-CT
LER re-arranged to accommodate new metering systamJ6A flow
measurements and allocations were conducted hyetheduty system 2, while the
new standby system 1was fully operational.

Test the system, day 8 — Both duty and stand kgsys1 and 2 were checked on
proper functioning and performance of the new apmftion. During the testing,
although the system was fully functional, the peoh$ were observed with regard
to the performance of the embedded computers. fieeded VFC was found
much less responsive in the real environment theumg the simulations in
laboratory. An attempt to perform an on line tharude or even to navigate
through the running VFC application would oftendea application crash or
communication breakup.

In order to obtain the more stable and reliabléesysit was decided to replace the
embedded computers with servers types computersatme as used for the DBC
computers (HP ProlLiant DL360). The new serversewmrrchased very quickly, and
4 weeks after the completion of the embedded VB@ilation the second offshore
visit was arranged followed by the onsite work igafout in the same sequential
fashion with precisely defined order:

>

Prior to the start of embedded VFC exchanged wmakkup of all currently used
system configuration settings and records were rgésu:

Replacement of virtual flow computer embedded VFQR% 1 (including the
previous visit 8 working day on site) — In this step the embeddE€®2 was
replaced for a server type computer. The runniagdity VFC02 was switched off
and removed from the new J6A-CT cabinet. On thgf thee J6A flow metering
system was reporting from system 1, and due tevtir& on system 2 there was no
backup system.

Replacement of virtual flow computer embedded VFEGRY 2 (16' working day

on site including the previous visit) — The secenthedded VFC computer
JVFCO01 was replaced by a server computer. Produatid reporting was done
from the system 2 set as duty at 06:00 h in oré&aive a complete production day
figures consistently recorded in one computer date. There was no redundancy
during this exchange step as work was carried stesy 1.

Installation of the new circuit breakers for backgaver supply to the server
cabinet, day 3 (f1working day on site including the previous visi#) backup
power was enabled for the new metering cabindierLER on J6A-CT connected
to the platform essential power supply to guardméy in case of the platform
power cut, servers VFCs and DBCs would remain pedsufficiently long to



avoid abrupt termination of applications. New citsireakers for new VFC
servers and power supply were installed with aicaub avoid a trip of the 24
VDC power supply as the exchange was taking pladghe live system during
normal platform operation.

> Final touchups, day 4 (favorking day on site including the previous visit)
Configuration of the backup 1/0 module cards, updsdtthe VFC to I/O module
software interface, metering cabinets cleaned dpnaatly arranged (e.g. wiring,
terminal strips, various modules.

5. Lessons learned and conclusion

The VFC concept presents transition from a clasardware type flow computer
commonly encountered in the oil and gas industry tledicated software platform with
dedicated flow calculations with clear health diasfits indication and flexible interface
and high level of integration realized by settihg system together with the with DBC
and MPS supervisory computers, DCS, field signel€thernet links offshore and
onshore via office LAN, and with local and remoteess for the authorized personnel.
The VFC calculation algorithms are readily configole and modifiable if necessary, the
existing application can be easily extended, oew ane created if a new stream is added
on line — similarly the application can be reduocedemoved if a well or stream stopped
producing. The VFC installed on computers of compasign showed on the example of
J6A as efficient concept for the offshore instadias suitable for the great number of
streams: it is just one flow computer license imcpl of 256 classic single stream
computers capable of handling of thousands of Bejdal inputs within one unit. with a
cycle time set to 2 seconds at 20% of the VFC CRafje during normal production, and
not more than 50% CPU load during large scale gpset

The VFC paired with a flash calculation module d=is a fast cycle calculations of fluid
composition at many different process conditions required only to add another flash
calculation block in the VFC application a new gketonditions. The calculated natural
gas composition enables calculation of the velazityound (VOS) for that particular
stream in the VFC block AGA10 and comparison wiité mmeasured VOS by ultrasonic
flow meter. This validation is set up on the J6Atfte HP1 and HP2 slug catchers on
J6A-CT and for J6A export gas (see Figure 2); téchnof VOS reported on these
positions is normally better than 0.15% (the AGA&BGommendation limit is VOS
difference by 0.3%) testifying the good measurenagl reservoir recombination
practices in the online flash calculations & VFdcoéations, measurement practices
provide a very accurate match of the gas mixturepmsition between the calculated VOS
of the gas mixture and measured VOS by one of thdlav meters.

The demonstrated insufficient computational powehe initially installed imbedded
VFCO01/02 and therefore their introduced instahiltyuld possibly compromise the
integrity of the fiscal flow measurement system #@agberformance according to the
requirements. This stressed once again a provethizcoften laboratory simulations do
not reflect the situation in real environment, hierethe J6A that meant the integration of



the new software and hardware into the existingesyoperating for nearly 20 years.
Lead by this example, for the similar systems péghto be installed on the installations
handling a large number of flow measurement streameeding to perform a
comprehensive allocation calculations, a powermvar computers would be
recommended with sufficient system memory and cdatfmnal headroom. It should be
as well mentioned that implementation of the VFGsgstems such are J6A or F3FA is
not really a “plug-and-play” solution, and requidecent degree of system knowledge and
understanding of the system, its components andithieraction with the actual
production and allocation process in order to getitest out of it. On its side this would
implicate a necessity for the general and moreipé&@ining required for inexperienced
personnel.

Further, for the modification projects carried oatremote offshore installations a good
work planning, understanding of the system and ewin with a third party vendors /
contractors and onsite supervision are essentiain® the changeover project the
Metering Dept. personnel worked closely with thetegn integrator, acting proactively on
devising the solutions and implementation maintagra very good control over the
project. The result was that the whole changeoxgept was completed on site in 8 plus
4 days without a need to stop the normal operati@hproduction, yielding at the end a
fully operational flow measurement system operasiogording to specifications and
expectations.

The VFC is a viable technique suitable for diveesghnical and fiscal flow measurement
systems, and could be advantageous techniquerfmr d¢and rather complex metering
systems involving quality checks, real time caltiola production and sales allocations to
own and third party assets — platform gas vs. amspcessing plant and gas at “export
flange” conditions can be calculated and matched toeeach other which enhances the
production control and facilitate the steering teamnthe hourly / daily nominations.



