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Rising to the process challengegd (i Kb8ity to manage
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Aquifer Support

Flow Regime
Hydrate Formation
Wax Formation
Scale formation
Asphaltine formation
Pressure (15,000 psi)
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Temperatrure (200 deg C)
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SubseaEnhanced Recovery@ NJ Y 2 { e a u

OAfAGE (2

Water Injection

Multiphase Boosting

Multi-Compressor (Wet Gas) -
(handlingot r uegas)we t

Separation

Multiphase / Wet Gas Metering

MultiManifold i compact cluster

(50% lighter in weight & size)
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Quest Subsea Database
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%Guest Offshore
Global Subsea Capex
Forecast spending 2011-2016e 5$73.5bn

$25,000 - USS73.5bn

$20,000 - 118% Increase

$15,000 -
Growth in future driven by Brazil,
Africa and Asia.

USS$33.6bn
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©2011 Quest Offshore Resources, Inc. Source: HolyGrail_November2011.xls November 2011



Where Do We Find More? |

Legend
O 1960's Gas Fields
O 1960's Qil Fields
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Where Do We Find More? |

Legend

O 2000's Gas Fields
O 2000's Qil Fields
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Company Overviewg
founded in 1983, owned today by Schlumberger (June 201.

-’ Main Office

w Located in Bergen

w Project Management, Engineering, &
Procurement

wall engineering and technology thouse

Horsgy

w Located just outside Bergen

w New Assembly and Test facility
®20.000 m2

w Wet test dock

International Locations
w Regional offices in Americas, UK & Asia
w Bases in West Africa Brazil & Australia

w Plus Schlumberger network (over 80 countries)
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Advancedtest facilities




Horsgy 2011¢ the future @dayQ

Increase Capacit

Enhanceﬂa&'ﬁm -A o~

Mamtaln and Improve Quallty

Increase Scope and Functionality Offering

Tl e
i — . gy s "‘
Secure our Position as a World Leadlng =Y
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Total SystemSolution¢ Flexibility to FieldDevelopments
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Pumps Systems

Process Manifolds

Umbilical Systems

Subsea Power & Controls 5| “ o
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Swivels and Marine Systems i
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Total SystemSolutions¢ Subsea td-loater

Pumps Multiphase Meters & Swivels
& Subsea Measurement & Marine Systems
ProcessSystems Systems Copyright Framo Engineering



Multiphase Metering & Measurement Systems

Topside Multiphase Meters|

0|
e
SN N
Subsea Multiphase Meters

Multiphase Metering Systems
Topside Multiphase Meters




PhaseWatcheWxc W9 ELISNA Sy OS w02

Meter for all process regimes
A The only single meter that can measure 0 to 100% gas.

A Measurement is not effected by emulsions or slugging

Experience
A Over 10 years in Operation (Vx established 1999)
A 1600 meter delivered in Dec 2011

Subsea package O6HP and HT qualified?d
A 205 degrees C (400 F)

A 15K psi (qualified to industry standards i API6A and DNV 203)
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VxProduction Optimisation at Marathon West Brae

SPE 124271 Paper; Offshore Europe 2009 i Mike Tharagonnet

17% increase

LIPS S
o *
. 'S
LR IS
Y ¢ o
0* o* $
‘0000 A
weo, $° %
*» * *
'Y
'S 'S
S
N -
00“ PR
>
" ehet e
N ALK o *
“0 e o L
C
” .7,
so
. T
n [e0] N

(paseqgal) uonanpolid Ajreg

- 20-92@
- L0-NON
- 20-190
- ,0-das
- ,0-bny
- L0-InC

- 20-unp
- L0-Re
- ,0-1dy
- 20-ren
- 20-024
- L0-uer
- 90-92@
- 90-AON

r 90-10

90-das

90-bny

- 90-Inc
- 90-ung
- 90-AeiN
- 90-1dy
- 90-1eN

- 90-uer

90-uer

Copyright Framo Engineering



Cross bordemeasurementand management

PhaseWatcher Vx, the

NORWAY Multiphase and Wet Gas
] [ Fi s cGash RBgistero
R for the North Sea

AAccuracy, the main evaluation criteria

AMarathon BoaFieldi Fi rst Wor |l d wide Mul tipheé
Fiscal Allocation application between UK and Norway, in operation since
2008

ADong Trym Field-Fi r st Wor |l d Wi de Wet Gas i
Allocation application between Denmark and Norway, in operation since
2 O 11 Copyright Framo Engineering 2012
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Knowing Your Reservoi
Subsea Sampling System and Services

Look
deeper

into your
reservoir

Representative sample of oil, water
True PVT quality sampling system
Compact design for easy I ntegratior
| nt egrated 1 nt ¥xMuliphasdNeters e Wat c her
Field proven components and technol
-¢ountry Fluids Sampling and Analysis Services throughout the life of the field

To To Io Io Do Do
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Swivels & Marine Systems

Offshore Cr Swivels and
Transfer M ~~Turret Systems

Submerged
Loading
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Fluid Transfer SubseaWells and FPSQ
Swivels- TheHeartof the FPSO
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Pumps & Subsea Systems

- — ;

Pumps & Subsea Syste'ms i,

- Power Control
Module

Framo Power Control Module
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Subsea

Subsea I\?IulﬁBhase _ _
MultiManifold

Pumps

Subsea Water
Injection Pumps

Pumps & Subsea Systems

FramoMultiManifold
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Benefits of Subsea Boosting

Increased Production and Recovery

Production Enabling

Flexibilitywrt Subsea Integration

Commercially attractive solutions

Copyright Framo Engineering



IOR effect of Subsea Boosting

The well will flow at lower pressure

The liquid production rate will be higher

Copyright Framo Engineering



Statoil on IOR for Subsea Fields

A The ambition of the subsea improved oil recovery (SIOF
project in Statoll is to achieve an average recovery facto
of 55 %from subseacompleted fields

A New technology will be applied to raise the average
recovery factor for mature fields while contributing to
smart solutions for new projects.

A The project cover areas such as:

Reservoir management

' Costeffective drainage points

i
|
i Light well intervention
.

|
|

Increased subsea handling of liquSubsea Processing

" Reduced subsea wellhead pressgr8ubsea Boosting
" Integrated operations

Copyright Framo Engineering



Chevron on Subsea Boosting for Lower Tertiary

M Strategic Overview & Evaluation | NGC DW Strategies

November 10, 2009

GoM Lower Tertiary | warkaiden-necow theme ver.

A9 PBSNE2YS AYy©2f OSR &
Increasing the Lower Tertiary Recovery
Factors (RF) Is the key to maximizing return

Chevron studies have revealed the following:

With Natural Flow: RF = 1 Production
enhancement with seafloor pumps: RF = 1.
F2N) aAy3ItS LKIFAS |yl

Copyright Framo Engineering



Framo Engineering T d&xperience countso

North Sea typ)
- Tordis

- GulfaksC

- Columba E

- Brenda

- Liverpool Bay
- Troll Pilot

- Lyell

Aberdeen, gg
GOM
Southern Europe &
TARES AR T _a = -Montanazo/ Lubina - .
' ' Austra/ Asia

Houston, Texas Aglica ' 2 Lufeng
L :Pag:‘llor -Vincent
- Azurite
-Ceiba PN :
- 7afiro — Kuala Lumpur, Malaysia

—

- Exeter / Mutineer

de Janeir®razil — KarrathgAustralia
Brazilian

- Marlim

- Barracuda

- Albacora

26 booster pump systemdelivered and over 1,600,0@peratingHours (2011)
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RightTechnologyg to suit the processregime

G
Designed for handling ,,;:t RT Interface
gas, different flow ~

regimes, viscous fluids,
sand and other solids.
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Commitment to a vision

Pioneer within Subsea Boosting!

_¥ramo JScreening Selected the JDeveloped the  _JFirst commercial
Engineering boosting HelicoAxial electrical power  subsea
established to technologies pump principle and control multiphase pump
develop products  First prototypes system for subsea installed at
for the next tested pumps Lufengfield

decades
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Subsea boosting by FranmpTotal flexibility
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Modular approach- Seabed Pump Systems
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Framo Subsea Pump SysteriResponsibility

Topside Power & Control Module

RunQng To

Power & ControlFUmbilical

Subsea Power Connections

. Subsea -
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PumpSelectionProcess

FR/

Hydraulic Model of System (steady state)

Technology Status
Pump Capabilities

(power, dp, speed etc.)

AProduction forecast (rates, wc, gor) per well

AReservoir pressure vs. time

API vs time (per well)

4

ALimitations (oil,water,gas,power,pressure etc)

Pump Selection
A# Pumps
AMultiphase / single phase
APower / speed / dP / stages etc.

ARecycling, valving etc.

PFD

Power system
Control

Cost

Lift Table ‘

GAP model

—— Economical Evaluation

Reservoir Simulation




Configurations for the Field Development
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North Seac Case Study Gas Lifting aBabosting

-2200m
8 WELLS



Gasvolume fraction through system for gasifted well

Psep 222
| ".89% “|

THP 655 Pi 655 Po 340
1% || 710 842%

|deal

w High GVF in tubing

w Low GVF In pipeline
o w Minimum usage of Gas lift
T 31%

BHFP 2630
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Lift Alternatives {ypical North Seg
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Life of Field Management

FRamo Interactive ENabling Diagnostics

A Increased equipment uptime
A Cost effective remote monitoring
A 24/7 specialized support
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