More powerful pumps:

Because
the seafloor is
the new surface

Don't just scratch
the surface

Transferring subsea production and processing
systems to the seabed helps operators produce
from declining reservoirs at extended depths. But
engineering seabed-based systems that are safe,
efficient and reliable over the long term means new
challenges and projects of an unprecedented scale
and complexity.

IS AkerSolutions

No stranger to extreme technical challenges,
Aker Solutions’ offshore and deepwater heritage
makes us the perfect subsea partner.

Our portfolio includes power umbilicals, boosting

systems, trees, tie-in systems and control equipment,
as well as intervention services - everything it takes to
build, run and maintain a subsea production system.

We pioneered the world’s first subsea gas compression
system, expected to increase recovery by up to 280
million barrels.

When it comes to the next frontier, we are already
working at it.
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We put you first.
And keep you ahead.
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SUBSEA GAS COMPRESSION SYSTEMS & PRODUCTS BY COMPANY

Fig. 1: Ormen Lange Subsea Compression Pilot

SUBSEA SEAWATER INJECTION AND TREATMENT

Fig. 3: One of four Albacora

Raw Seawater WI Pump

Systems undergoing SIT in

OneSubsea Test dock in late 2009
Fig. 2: Conceptual lllustration
of Installation of Tyrihans
Subsea Raw Seawater
Injection (SRSWI) System

SUBSEA BOOSTING PUMP TYPES

TABLE 2 — PUMP TYPES & APPLICATIONS

TYPE CONFIG. | APPLICABILITY FOR SUBSEA BOOSTING

CENTRIFUGAL HORIZONTAL | e Highest differential pressure capability among pump types.
OR VERTICAL | @ Handles low Gas Volume Fraction (GVF) < 15% at suction conditions.

@ Combination of helico-axial and centrifugal impeller stages.
@ Primary application is for use downstream of separator or in low GOR applications

where GVF is consistently < 38% at suction conditions.
©® Widely deploy gy used for in wells,

mudline horizontal boosting applications.
@ Applicable for conditions of GVF < 50% (continuous) and for improved flow assurance.

GRAPH 1 - GVF vs. DIFFERENTIAL PRESSURE - OPERATIONAL AND CONCEPTUAL CAPABILITIES [ GRAPH 2 - HIGH LEVEL COMPARISON OF SUBSEA BOOSTING OPTIONS

Fig. 2: Subsea Gas Compression Station Concept
g D P Pump Types

Fig. 3 : OneSubsea Counter-rotating
5MW Wet Gas Compressor built for

Gullfaks Qualification Test

Fig. 1: Aker Solutions’
LiquidBooster™ Subsea Raw
Seawater Injection System
(Photo: Statoil Tyrihans
Subsea Raw Seawater
Injection (SRSWI) System)
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@ Compact hydraulic drive boosting pump for wells, caissons & mudline applications.
@ Applicable for conditions of GVF < 75% (continuous) and for improved flow assurance.
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Notes:

1. Combination of parameter values shown above is not feasible.

2. There are a number of other parameters/factors that need to be considered for any pump selection.
3. Based upon recent updates from Flowserve’s subsea boosting system test results.

4. HSP can tolerate up to 100% of gas slug.

@ Applicable for higher GVF boosting applications - typical range of 30-95% GVF at
suction conditions.
@ Moderate particulate tolerance.

@ Good for handling high GVF - up to 98% GVF at suction conditions.
@ Preferred technology for high viscosity fluids.
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Fig. 4: Asgard SS Compressor
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Fig. 4: Total-Saipem-VWS Westgarth
Conceptual Subsea Sulphate Removal
Station for Deep and Ultradeep Water
Applications
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CENTRIFUGAL PUMPS
(For GVF < 15%)
Fig. 1: Vertically Configured

Centrifugal Single Phase
Pump & Motor Diagram

HYBRID PUMPS
(For GVF < 38%)

Fig. 3: OneSubsea’s Multiphase
Hybrid SS Boosting Pump

ESP PUMPS
(For GVF < 50%)
Fig. 4: Diagram of Vertically

Configured Gas Handling ESP in a
Seabed Caisson

HSP PUMPS
(For GVF < 75%)

iagram of HSP
Principle of Operation

HELICO-AXIAL PUMPS
(For GVF < 95%)
Fig. 6: Vertically Configured Fi eployment of a OneSubsea

Helico-Axial Pump & Motor  Helico-Axial Multiphase Pump
Diagram

TWIN SCREW PUMPS
(For GVF < 98%)
Fig. 9: Vertically Config-

ured SMPC Series 4 Twin
Screw Pump & Motor
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Fig. 5: Subsea Water Intake and Treatment (SWIT)

Courtesy of OneSubsea Unit Capable of Treating 40,000 barrels per day

Fig. 2: Vertically
Configured Hybrid Pump
& Motor Diagram

Fig. 8: Twin Screw Pump
Cross Section Diagram

Fig. 10: Bornemann Twin Screw
Cross Section Diagram

Fig. 8: Kvaerner Booster Station
(KBS) for SS Gas Compression
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The poster is divided into discrete sections || 2P TwoPhase Hp  Horsepower SCM Subsea Control Module S 25| cLOv (22) Subsea MPP System TOTAL Angola, Bk 17 1170 3,839 1.0 68 660.0 100 450 652 230 50% OneSubsea 241 Spare Helico-Axial OneSubsea 03 2014 Production ¥ <—$ ansformer., ! A Teanstormer
Lo 3P Three Phase HSP  Hydraulic Submersible Pump SFB Seafloor Boosting - N Flowline A . o S
and each section is marked by a background AC Afternate Current Y High Voltage . SIORS  Subsea Increased Oil Recovery System 29 | Jack & St. Malo Full Wellstream subsea Boosting Chevron US GOM 2,134 7,000 21.0 13.0 1,191.0 180 2413 3,500 3.00 10% OneSubsea 3+2 Spare Centrifugal (SPP) OneSubsea 03-2014 Safety Disconnect / i Flowline | Saégtl_y{h?rzzcgcvr;&cht/ ngi‘iical b W (SS Transformer Optional
color. The colors denote the type of technology ﬁ::M mggi Hg Wanifold !I%R !'anEcnt)l\;d é:)r;(creased) Oil Recovery ~ SMUBS g?:ll Multiphase Underwater Boost 30 | Lyell Retrofit MPP Retrofit System - Tieback to Ninian CNR UK North Sea 145 476 7.0 43 700.0 106 21.0 305 1.00 97% OneSubsea 1 Helico-Axial OneSubsea Q32012 Earthing Switch i Uml%ical | Liquid (For multi-circuit L~ Flowline Solidor L07w grea?]esmgsgm%nvso?tlggee)d
presented in the sections. This color code is || ASD  Adjustable Speed Drive KW Kilowatt SPEED  Subsea Power Elecirical Equipment 31| GirRi (Girassol) (27) Field Expansion Project Total Angola, Blk 17 1,350 4,429 18.0 1.2 600.0 91 1300 1,885 250 20-50% OneSubsea 4+2 Spare Helico-Axial OneSubsea Q12015 il (FUng:;‘i‘;g'I’sgu't L : Flowline umbilicals) PSUTA Re&star::]:g
: BOPD  Barrels of Oil per Day LDDM  Long Distance Delivery Management Distribution . . _ c o Ay R Utili 5 | :
carried throughout the poster. Below are the BPD  Barrels per Day LDDS  Long Distance Delivery System SPP  Single Phase Pump 32 | Draugen Field Brownfield Dual MPP System A/S Norske Shell Offshore Norway 268 879 4.0 25 1,710.0 253 475 689 2.30 10-31% OneSubsea 2 Helico-Axial OneSubsea Q3-2014 Umt}i};ical Production
intuitive color code designations for each of the gggg); gag}ital Ex';engittt,lres S m’l’ Mulﬁpcvas;s Pump ::BI gugsea Senaration Boosting Inecti 33| Julia SS Tieback ExxonMobil US GOM 2,287 7,500 27.2 17.0 331 50 175.0 2,550 3.00 10% OneSubsea 2 Centrifugal (SPP) TBD Mid- 2016 Purge Productidn l?mllln(i:li c?al Un to 36 KV
six themes. g pumping e el Flow sSSP Subsea Processing 34| Moho Phase 1bis Brownfield Tieback to Alima FPU Total Congo, W. Africa 650 2133 67 40 400 60 1335 1935 350 49% OneSubsea 2 Helico-Axial OneSubsea 04 2015 Umbilidal o Power Skid T 2 T —
CssP gﬁﬂmtir)lﬂlgal Subsea Submersible SEE)’(“ ggﬂglzsglcﬁ:gﬂﬁtig;;n SUBSIS Sugtzﬁ Separation and Injection 35 | Atlanta Field Caisson Application QGEP (26) Santos Basin, Blk BS-4 1,500 4,922 TBD ESP 2015 Topsides . ower skl . ] ] ]
_ CTCU  Cable Traction Control Unit Distribution Module SUTA  Subsea Umbilical Termination 36 | Stones Single Phase HPHT Pump System Shell US GOM 2,927 9,600 5.0 3.1 TBD TBD TBD TBD TBD <10% TBD 2 +1 Spare TBD TBD 2018 PSUTA PSUTA Subsea $ Type3
Subsea St i DMBS D ter Multiphase Boostil PCM P Control Modul Assembl P - - y — - - I i . . H H
ubsed Separafion s;;‘;‘:'na er Multiphase Boosting PFD P?o“:’::rss glo;(v) Di:gr::l TUTA To::ir;e l‘;mhilical Termination 37 | Parque Das Baleias Skid BCSS - Horizontal ESP on Skid (14) Petrobras Espirito Santo Basin 1,500 4,922 10.0 6.2 125.0 19 100 1,450 1.10 10-25% FMC Technologies 3+1 Spare ESP Schlumberger (REDA) 012015 ! Production Topsides g})ew:rodrggir;iigllc ! /\ ! eﬂé%m‘oﬁ S
Subsea Gas Compression ESP Electrical Submersible Pump PLET  Pipeline End Termination Assembly i i N _Mar- | ili 6 (Typ.)
_ FFD  FullField Development PLIM  Pipeline Inline Manifold VASPS Vertical Annular Separation and = 1 | Troll C Pilot (15) (21) SUBSIS (SS Sep. and WI Sys.) NorskHydro AS Offshore Norway 340 1,116 35 2.2 250.0 38 151.0 2,190 1.60 0% GE / OneSubsea 1+1 Spare Centr!fugal (SPP) OneSubsea Aug-01 1-Mar-14 149.9 | UmbIIICQI Subsea N Up to 36 kV
Water Injection with Subsea Pumps FPS  Floating Production System PSIG  Pipeline Simulation Interest Group/ Pumping System g 2 | Columba E. Dual SPP System CNR North Sea 145 476 7.0 43 331.0 50 305.0 4,424 2.30 0% OneSubsea 2+0 Spare Centrifugal (SPP) OneSubsea May-07 1-0ct-13 76.4 SUTA Static or Dynamic SUTA [ SS
T FPSO g%af}:ggdm’%cstslg? Storage, - ;3::':58 por Square inch (Gauge) - 80 m::"geﬁﬁed Dt €| 3 | Tordis (W) (12), Separation, Boosting, W Statoil Offshore Norway 210 689 11.0 6.8 700.0 106 77.0 1,117 2.30 0% FMC Technologies 1+1 Spare SPP&MPP OneSubsea 0ct-07 1-Mar-14 | 764 < “power Umbilical Transl\slc:)rglllcleé SS ASD
g::gc gg’ﬂquig g:?_gifugal Cyclonic a0y ag-';:ml% rated Vehicle m “r w::g: ::jgg:g: Chvistmas Tree 2| 4 | Tyrihans (BN SS Raw Sea WI System Statoil Offshore Norway 270 886 31.0 19.3 583.0 88 205.0 2,973 2.70 0% FMC / Aker Solutions 2+1 Spare Centrifugal (SPP) Aker Solutions 29-Nov-13 1-Mar-14 3.0
I 0 inati i uid Rati i =
Miscallaneous|informatior; Combination ofifechnologies GF  Gas Vo(}ume Eetion RPM Rev0|utimrs per Minute XT Christmz{s e 5 | Albacora L'Este Field (33) (WM Raw Water Injection to 7 Wells Petrobras Campos Basin, Brazil 400 1,312 4t09 2.5-6.0 1125 170 85 1,233 1.2 0% OneSubsea 3+1 Spare Centrifugal (SPP) OneSubsea 012013 0.0 Subsea A
Jo —
1 | Zakum Shallow Water Test Separation System BP Offshore Abu Dhabi 1969 1972 36 , 4 Transformer \> 4 Wliiohase Line 6.6 kV I I I
2 | Highlander Field (34) SS Separator / Slug Catcher Texaco UK North Sea 420 128 Electrical Flying S$S Manifold High L b Sob 1 1 1
TABLE 7 - OTHER |NFORMAT|0N SOURGES MULTIPHASE BOOSTING SYSTEM Resi ResistanCe ic SS Manifold |
. ] - : Lead (EFL) esistance Ner—= anifol |
) SPE 134341 2010 SHELL/FLOWSERVE Dev. of High Boost System 3 | Argyll SS Sep. and Pumping Unit (SSPU) Hamilton Bros UK North Sea BOET (30) 1989 Water Injection —~ |
Go to www. fro.org to order the SPE & OTC listed below. t !
00 WIHGEREHa:arg 0 OICEr e papeis IECREOH SUBSEA COMPRESSION P 4 | Marimba Field (24) ('l VASPS Field Test Petrobras Campos Basin 395 1,296 17 11 60.0 9 52,0 754 0.3 Cameron 1 ESP Schlumberger (REDA) Jul-01 1-Jul-08 | 830 WP Boostin 3"83[5{);”5':3 Slng[?nf;lase L ! - SPP Gas  WISPP |
SUBSEA BOOSTING PROJECTS IPTC-17649 2013 A/S NORSKE SHELL $S Compression at Ormen Lange I=Bl 5 | Troll C Pilot (15) (21) (B Horizontal SUBSIS (S8 Sep. & Wi Sys) Hydro (Statoil Offshore Norway 340 1,116 35 22 250.0 38 151.0 2,190 160 0% GE / OneSubsea 1+1 Spare wa OneSubsea Aug-01 | 1-Mar14 | 1499 O i 1 — - Compr. |
WG A [RAE o HOLEL 7L 7 IPTC-16982 2013  CURTIN U. Appl. of Downhole Gas Compressor = 6 | Tordis W (12), Separation, Boosting, Wi Statoil Offshore Norway 210 689 110 6.8 1,500.0 227 270 392 230 10-68% FMC Technologies 1+1 Spare Helico-Axial OneSubsea 0ct-07 1-Mar-14 | 764 Up to ~12.5 MW, M - -
Oloralos 2018 PRIROSRS o0 Froc, & Boost. n Braz IPIC 14251 2011 " FRAMO Advances in 85 Wet Gas Comp. =3 7 | Parque Das Conchas (BC 10) Phase 1 (23) |BUBN Separation Caisson / Artfical Lift Manifold Shell Campos Basi 2,150 7,054 2.0 156 185.0 28 152.0 2,205 110 15% FMC Technologi 4(+2 Future? ESP Baker Hughes Centrlift |  Aug09 | 1-Mar14 | 544 Up to ~3000 kW, Typlcally 6.6 - WIXT 5 Processing Station (3P)
0TC-24401 2013 FMC/SULZER Dev. & Qual. of aHigh DPSSPump | OTC21346 2011 STATOIL/ONESUBSEA Testing of SS Wet Gas Comp. & arque Das Conchas (BC 10) Phase 1 (23) eparation Gaisson / Artifical Lift Maniio € ampos Basin ] ! - : - d , : o echnologies (+2 Future?) aker Hughes Centril ug- -Mar- i Pump Station  Typically 6.6kV 55 Processine - (TYP)
0TC-24201 2013 PETROBRAS Mudline ESP in a Subsea Skid OCT 24211 2011 AKER SOLUTIONS SS Compression: A Game Changer : 8 | Perdido (N Caisson Separation and Boosting Shell GOM 2,438 7,999 0.0 0.0 132-264 20 - 40 158.8 2,303 1.20 15% FMC Technologies 5 ESP Baker Hughes Centrilift Mar-10 1-Mar-14 | 47.9 s;’;f:: 9  TYPE2 SS W Station = TYPE 3
0TC-24428 2013  PETROBRAS/ONESUBSEA SS High Boost MPP DOTAMST. 2010 SHELL Qualifying the Technology ul 9 | Pazflor (BN 3 Gas/Liquid Vertical Separation System Total Angola, BIk 17 800 2,625 4.0 25 1,800.0 272 105.0 1,523 2.30 <16% FMC Technologies 6+2 Spare Hybrid H-A OneSubsea Aug-11 1-Mar-14 | 300 TYPE 1 Direct Step Out Subsea AC Power Distribution
Olg‘f“m :":3 PELR(:I‘E::‘: SORNENANN ::: f;"“d? Sl{bse?ll Helico-Axial MPP | 5o e TR ANSMISSION/DISTRIBUTION == 10 | Marlim SSAO - Pilot (BN In-Line Separation Petrobras Campos Basin 878 2,881 38 24 135.0 20 25 3,553 19 67% FMC Technologies 1 Centrifugal (SPP) OneSubsea Mar-13 1-Mar-14 | 11.0 Direct Step Out with Subsea Transformer w/MV or HV Power Transmission
ch:zﬁg 2312 3%E'SUBSEA 0 Evolu;ﬂf':f;; g:):s';:]gas 0TC-25278 2014 INTECSEA Hybrid “Split” VD / SSP Tieback S 11| Congro (29) (78] VASPS with Horizontal ESP Petrobras Campos Basin 197 646 110 70 1350 2 21 305 04 <10% FMC Technologies 2 ESP Baker Hughes Centrilf - - - - — - - - -
g}ggiﬁg gg}g ;‘ﬁrg&g“s ﬁ? E"*;cltt"ca' 50‘"9’:“*"5- and Dist. 12 | Parque Das Conchas (BC 10) Phase 2 (23) | M | 2 additional ESP systems Shell Campos Basin 2,150 7,054 25.0 15.6 185.0 28 152.0 2,205 1.10 15% FMC Technologies 2 ESP Baker Hughes Centrilit Lo Bl BB E LR L e e L (A ) Al 2o kg B i A LR L)
SUBSEA SEPARATION - igh Voltage Power Transmission - T - - . . s Production Umbilical Production Umbilical Production Umbilical
IPTC-16914 2013 KERR-MCGEE & BAKER HUGHES Downhole Oil and Water Separation | OTC-24129 2013  PETROBRAS Devel. of a SS Elect. Power Transm. 13| Canapu M_| In-Line Separation by Twister BV Petrobras Espirito Santo Basin 1,700 5,579 @ Multi Phase Mudline Boosting, Single Phase Eg] SS Transformer o e e _ Production Umbitical _ .
SPE166070| 2013 BP & SOUTHWEST R, INST. Evaluation of Separation in a Casing 0TC-23935 2013 DEUTSCH/SCHNEIDER Powering Subsea Processing 14 | Corvina (29) M | VASPS w/Horizontal ESP Petrobras Campos Basin 280 919 8.0 5.0 135.0 20 21 305 0.4 <10% FMC Technologies 1 ESP Baker Hughes Centrilift Pumping, or Water Injection Pumping " Safety Di " < v r— 1 SS Pr Station (3P) (Three Phase + WI) | |
) S ) ) 0TC-24147 2013 DET NORSKE VERITAS Power System for the New Era " aiety Disconnec " ! : - _Gas Flowline = 1 -
0TC-24533 2013 PETROBRAS Comiss./Startup of SS Marlim Separ. | coe 1aercs 5013 SCHLUMBERGER ss Cabley Applications in Offshore CURRENT STATUS CATEGORIES NOTES: has now been decomissioned due to field abandonment. 18. BH Centrilift = Baker Hughes Centrilift 26. OGEP - Queiroz Galvao Exploracao e Producao % Two Phase or Three Phase Separation i Earthing Switch Pump Station I Multiphase Flowline < \@ A
SPE-167334 2013 PANDIT DEENDAYAL PET. UNIV.  Effective Gas-Liquid Separation : i 1. Qualification Status - See information accuracy statement below title block and note that the qualification 10. VASPS - Vertical Annular Separation and Pumping System 19. LUFENG - Closed down due to field economics, after 11 years of operation. 27. Girassol Field Pumping System - for the Girassol Resources Initiatives (GirRI) : Liquid Flowline 1 i i SUTA
IPTC-17269 2013 TOTAL EP Selection of Power from Shore [ Conceptual Project tat orma t the que llar Separa . ) dow fter 11 years of ! ' " . S (GIrR) @) Gas Compression e ! ) q { 0il Flowline -
0TC-24359 2013 SAIPEM SS Gas-liq. and Water-hydro. Sep. 0TC-24183 2013 GE Modular Stacked DC T L n Qualified/Testi status categorizations shown in this table, and throughout the poster, are based on unverified claims from 11. START: Month & Year indicates first month and year of operation for the SS processing system. 20. PREZI0SO - World's first deployment of an electrically driven twin screw MPP operating on a live well. 28. Gulifaks South Brent - According to Statoil the SS wet gas compression will increase recovery from the b Switchgear Production Flowline @ 1
0TC 23223 2012 FMC/EXMOB/WOODSIDE Compact SS Sep. for Deep Water & odular otacked ransmission ualitied/Testing equipment suppliers and field operators. These qualification status designations are not necessarily derived ~ 12. Tordis Field: 1+1 Spare Multiphase Boosting Pumps, and 1+1 Spare Water Injection Pumps; Tieback to Testing occurred in 1994 and 1995 for a total of 7,850 hours of operation at base of platform on seafloor. reservoir by 22 million barrels of oil equivalent. @ Seawater Filtration/Intake ¢ N, ! 1=
OTC 23608 2012 EN o5 Cas/Liculd § - i 0TC-23960 2013 HUSKY OIL CHINA LTD. Husky Liwan Deepwater SS Control “ Awarded and in Manufacturing or Delivered using technology readiness level (TRL) assessments per API RP 17Q or DNV-RP-A203. Gullfaks C platform. Statoil hopes to increase il recovery from 49% to 55%, an additional 36 MMBO, due to  21. Troll G Pilot - Separation began on Aug. 25, 2001. See OTC paper 20619, page 10 for further details on 29. Canceled Project - Petrobras has determined Congro and Corvina are not commercially feasible. )'\ HV Wet Mate Connector Utility Umbilical SS Processing NG
CE I SR MPANY EXPERIENCE & APPROACH TO SUBSEA PROCESSIN (N Installed & Currently Operating 2. Pumping & Boosting: The terms “Pumping” and “Boosting” are used interchangeably throughout this poster the world's first ial subsea sep ion and solids disposal system. operating experience. Note that injection pump data is only shown in the subsea water injection section 30. BOET - British Offshore Engineering Technology /\ SS Power System —@ Station (2P) WI Flowline =l
DOT-T25102 2011  SAIPEM Development of the Spoolsep c0 CE & OACH TO SUBS| OCESSING B nstalled & Not Currently Onerating or In-Active and in the industry. 13. King Field: Is a subsea tieback to the Marlin TLP. In 2012, B sold the field to Plains Exploration and of the table. 31. Perdido - Cassion for separation is 350 feet long drilled into the seabed. Read OTC Paper 21716. 1 6.6 KV Wet Mate Utility Umbilical — Utility Umbilical
SUBSEA RAW SEAWATER AND PRODUGED WATER INJEGTION DEVELOPMENT 0TC-24307 2013  STATOIL Steps to the Subsea Factory B ¥ Operating 3. Unit Motor Power: Is the unit motor power for either a pump or compressor motor. Production. McMoran Freeport later purchased the field. Pumps remain shut-in due to operational issues. 22, CLOV - Total reports that the CLOV development will utilize seabed multiphase pumps to boost Cravo, Lirio, ~ 32. Barracuda - Ref. 2013 OTC Paper 24217 for additional information about the MPP. % Adjustable Speed Drive (ASD) \r Connector PSUTA 4| PSUTA H SS Power Skid |—|
0TC-24161 2013 PETROBRAS SS Proc. Systems: Future Vision - Abandoned, Removed 4. Differential Pressure: Differential Pressure values are for individual pumps. The company is reportedly considering to redo the boosting system. Orquidea and Violeta Miocene from First Oil + 2 years 33. Albacora Field - Ref. 2013 OTC Paper 24167
0TC-24167 2013 PETROBRAS Albacora Subsea Raw WI 0TC-24519 2013 PETROBRAS Subsea vs Topside Processing (WM Canceled Project 5. GVF = Gas Volume Fraction at inlet of pump. 14. BCSS - Centrifugal Subsea Submersible Pumps. Pumps are placed in protective holes in the seabed, 200m 23. Parque Das Conchas (BC 10) Phase 1 - Composed of 3 reservoirs: Ostra, Abalone and Argonauta B-West. 34. Highlander Field - SS Tieback to the Tartan Field which has a SS separator/slug catcher installed for the
0TC-24111 2013 CHEVRON WI in the Gulf of Mexico 0TC-23970 2013 TECORP INT. Challenges World Largest Slu 6. Cascade & Chinook - Utilizes horizontal ESPs on a skid above mudline. It is an alternative ESP boosting from producing wells. MOBO - Modulo de Bombas (Pumping Module) Argonauta 0-North to be added in Phase 2. tie-in to the Tartan Platform
SPE-166576 2013 SEA-BOX/AKER SUBSEA SS Water Treatment and Injection Catcherg . 2 e cunf!guration to caisson in the seabed. This tephnology is designed to cover the low GVF and high DeltaP 15. _Tr_oll c Pilot: SUBSIS - The world's longest operating subsea separation system and first subsea water 24. Marimba V_ASPS - 2000 - First i_nstallati(_)n in Marimba (JIP Petro?ras / Eni-Agi;_)/ ExxonM_obiI, 2001 - Startup  35. Petrobras is changing ESP supplier from Baker Hughes to Schlumberger (REDA) in Q4 2014. REPRESENTATIVE SUBSE A POWER & PROGESSING TECHNOLOGY A'ITRIBUTES (CURRENT AND UNDER DEVELOPMENT)
SPE-165138 2013 TOTAL EP Produced Water Re-Injection 0TC-24162 2013 PETROBRAS Cascade and Chinook Subsea Dev. multiphase flow. Pump cartridge successfully installed Q4 2013. injection pump system. and Operation (July to Dec.) until ESP failure, 2002 End of JIP, By-pass production, 2003 - Workover Plan,
) ,] ) : 7. King Field: Power cables are incorporated within the service umbilical. 16. Mutineer/Exeter Projects: Manufacturers are: OneSubsea and Centrilift. There are 2 ESPs per well feeding 2004 - Workover and Re-start on May 8, 2004. From 2005 until 2008 VASPS operated ok until well failure. . ) . .
SPE-164372 2013 SAUDI ARAMCO Proq.Water Re-Injection Sys. Optim. courTESy oF in TECSEA 8. Nuovo Pignone is now part of GE. one OneSubsea MPP per asset on seafloor. 25. Jubarte Field (Phase 2) - Was installed in 2011. Wells were connected to the FPSO P-57. All wells will have Table 4.1: Gas Compressmn Technology Table 4.3: Subsea Boostlng Technology Table 4.5: Two Phase Separatlon Technology Table 4.7: Three Phase Separatlon Technology
0TC-24273 2013 TOTAL/SAIMPEM/VWS WEST. Springs: Subsea W Treatment e ey 9. Lufeng 22/1: Low wellhead pressure of 100 psig at seabed dictated that artificial lift was required. System 17. Navajo Field: Is a Subsea tieback to Anadarko's Nansen spar. gas-lift as a backup. Liquid Tolerant Compression - Raw Wellstream, Wet Gas Service Single Phase or Multi Phase Pump Raw Wellstream, Gas / Liquid Separation With Liquid Boosting Raw Wellstream, Gas or Oil Service
CHART 1 — SUBSEA SUPPLIER MATRIX (As of F T s ea—— ~SEA Fig. 3: Ormen Lange Fig. & Tronic SpecTRON 10 Attribute Installed or Qualified | To be Qualified within 5 yrs. | | Attribute Installed or Qualified To be Qualified within 5 yrs. Attribute Installed or Qualified | To be Qualified within 5 yrs. | | Attribute Installed or Qualified | To be Qualified within 5 yrs.
- SUBSEA PROCESSING COURTESY OF /W I EL .3 . 4
u u (As of Feb., 2014) — WorleyParsons Groun Pilot Subsea Pump ASD  Wet-Mate Connectors TABLE 3: SURVEY OF SUBSEA ELECTRICAL POWER CONNECTOR Water Depth 1,024 m (5,000 ft Pump Classification Single Phase Multi Phase Single Phase Multi Phase Water Depth 3,048 m (10,000 ft Water Depth 3,048 m (10,000 ft)
T T | Fo.1:0 Lange PilotSS Circuit Break AND PENETRATORS Note: This table is a sampling of the current market, and is not comp Shut-in Pressure Rating 7,500 psi (517 bar)3 Water Depth 3,048 m (10,000 f) 3,048 m (10,000 ) Shut-in Pressure Rating 15,000 psi (1,035 bar) Shut-in Pressure Rating 15,000 psi (1,035 bar)
SUBSEA stslgim r&w sodBsen | SUBSEA i G o g;;l;%m e ig. 1: Ormen Lange Pilo ircui rea' er COLOR CODE e System Flow. Rate 500 MMscf/d (14 Msm3/d) Shut-in Pressure Rating 15,000 psi (1034 bar) 15,000 psi (1034 bar) systern CaPac|ty (me Rate) As ReqU!red for Duty (See Table 4.3) System Ca;.)amty (Flow Rate) As Requlret: for Duty
PUMPING INJECTION B COMPRESSION AC/DC POWER SYSTEMS SYSTEMS FACILITIES T - ez W 'E o % E E:Iers:rlelthlo 965 - Pump Flow Rate (Nominal) 75,000 MBOPD 60,000 MBOPD Boosting Differential Pressure As Required for Duty (See Table 4.3) Iarge: E\CFF I.n [(i]als at Moluttlet <120/n;
o W = g (W= W at Inle <% ; " ; . i Target GVF at Liquid Booster Inlet 10-15% arge in Uil or Water <10%
Qualified = e =a g 22| 2 = - Dif tial Pressure (Nominal) 4,500 psi (310 bar) 2,320 psi (160 bar) ——
= - -
e ELECTIC COVPRESSION : ! ! ! ! prrpo— e pr— T 2 =B =8 g3 S 2 |2 o g Unit Motor Power 2.5 MW GVF Range at Inlet 10-15 % 0-90% Unit Motor Power As Required for Duty (See Table 4.3) | | Outlet Ol in (Injection) Water T80 pom
SYSTEM MANU';M’:‘T'LRERS MOTOR { AKER SOLUTIONS } { ASCOM J SYSTEM COMPRESSORS ‘ gggﬁg ‘ ‘ UMBILICALS ‘ ‘ “,f.'ﬁ,’.‘;’ﬁ.';;: ‘ m“":‘émns ‘ ‘ PENETRATORS ‘ i : Proposed 2 E = o e i = = Nominal Voltage 6.6 kv Unit Motor Power 5.0- 6.0 MW 5.0-6.0 MW Separation System Type Compact Separation - Modular Booster Power (0/G/W) As Required for Duty
PACKAGERS MANUFACTURERS . PACKAGERS w = [ iqui i = - i ion - Modul
BAKER HUGHES ALPHATHAMES BAKER HUGHES Courtesy of Siemens g I~ ; E 5 Stege Tipe Elqr:l - tulerfl‘nt %e.r;tlrlfugal & System Robust for Raw G Nominal Voltage Y 61Ky Key Elements in Current Development Proven Separa_tion Eﬂectivene_ss Of. Raw Wellstream /Turn Down Separallon Systom Tjpe gompacst Sepa;.atlogﬁ ti f Raw Wellst /T
AKER SOLUTIONS AKER SOLUTIONS AKER SOLUTIONS BAKER HUGHES AKER SOLUTIONS AKER SOLUTIONS DRESSER RAND ABB AKER SOLUTIONS ABB ALSTOM BENESTAD (9) { } { Ip } { } = << (m) | (ft) (kV) (A) | (Hz) |<c| = Key Elements in Current Development nnancing Liquid lolerance & system RODUSINESS Tor Haw as ) Higher Power & Depth Rating of Penetrators & Wet Mates / 5-6 MW Motors / Permanent Magnet Motors & Qualification Projects /Vessel Integrity / Control Logic with Pump and / or Compressor Key Elements in Current Development roven Separation Effectiveness of haw Wellstream / Turn
: : e e e e e e oy STATUS = a S=(a Y . / Active Magnetic Bearing & Anti Surge Marinization / Increased Key Elements in Current Development i e . h e - ) / Robust Process Monitorin Frien ’ Down / Vessel Integrity / Control Logic with Pumps and / or
shesoliors o SRIEn aeom ersolionscom Zoen cEomen Fig. 9: Tronic ElecTRON & Qualification Projects Depth for Wet Mate Connectors / Pressure Ratio & Qualification Projects / Alternate Barrier Fluid / 15 ksi Housings / High Rate & Head Multiphase Stages / Marinized Condition g 8 Qualification Projects Compressor / Real Time Process Monitoring
: { FUG TEGHNOLOGIES } { CONERTEANT) } { BORNEMANN () } Wet-Mate Connectors TE Connectivity | Deutsch P6-MD300 | 400 |1,312| 6/10(12) | 300 | 15-70 |@ Depth and Power Capabilfies of Power Penetrators & Wet ) Monitoring Equipment / Higher Operating Speed Wide Separator Operating Range and Separation Effettiveness Wide Separator Operating Range and Separation Effectiveness
{ FHIC TECHNOLOGIES (6) J { BAKER HUGHES J { CURTISS WRIGHT J o e mn::mm jos J mm:ﬁifn { Ao _{ s een. } _{ SR } { BAKER HUGHES } { BENNEX (4 } _{ TETEN } om < o TE Connectivity | Deutsch P6-SW1600 | 2,000 | 6,562 | 6/10(12) |1,600 | 200 o0 Future Technology Enhancements Mates / Supporting Process System Simplification / Enhanced Future Technology Enhancements Higher Power & Depth Rating of Penetrators & Wet Mates / Higher Motor Power / High Rate & Head Single Future Technology Enhancements Especially at Turn Down Rates / Enhanced Process and Booster Future Technology Enhancements Especially at Turn Down Rates / Enhanced Process and Booster
e someoimzene pp—— Courtesy of Aker Solutions - TE Connectivity | Deutsch P18-SW900 | 2,000 | 6,562 | 18/30(36) | 900 | 15-70 | |@|®@ Condition Monitoring Phase & Multiphase Stages / Enhanced Condition Monitoring Systems / >15 ksi System Rating Control Logic Monitoring Control Logic & Surveillance
Sulzer.com = s
o J { BORNEMANN &) J _Ennm ) o ONESUBSEA { BRUGG { FURLKAVA ] _{ ouco ] { CONVERTEAM (7) } { oescn } _{ owwoun } { } { } { } o ; y - e Qualified | TE Connectivity | Deutsch P18-SD 300 |3,000(9,843 | 18/30(36) | 400 | 200 |@| |®@
b D T e Yo T et ey e tochnip.com ‘ge-energy.com urtesy of Aker Solutions Courtesy of Schneider Electric Fig. 8: SS Circuit Breaker/ — - - ) . e
) _{ . } E— Fin 6 Subsea Transformet Praltype 5 Switchgear llustration Qualfed ] Tronio SpecTRON 5| 1,330 4,364 | 29 /5(68) | 200 | 100_|@|@|® A A A Table 4.8: Raw Seawater Injection Technology @
ONEsuBsEn FLOWSERVE FLOWSERVE & ONESUBSEA HITAGH! MITSUBISHI R ONESUBSEA DIAMOULD SIEMENS { nsstasa e, } { i } { g } Fig. 5: Siemens Subsea Power Grid Goncept at éha.lllow Water Test in 2012 Qualified S Tronic SpecTRON 8 | 3,000 | 9,843 | 5/8.7(10) | 355 | 200 @ |@®|® Filter, Treat, & Boost Raw Seawater Subsea for Injection
ey Prm—— (T T hitachi. itsubishielectri jdrcabl b S 0. Qualified Si Tronic SpecTRON 10 | 3,000 | 9,843 | 6/10(12) | 630 | 200 @@ ® 3 o o — g o - o - o o —
el = = Attribute Installed or Qualified | To be Qualified within 5 yrs. | | Attribute Installed or Qualified To be Qualified within 5 yrs. Attribute Installed or Qualified To be Qualified within 5 yrs.
com I SCHNEIDER ELECTAC o _ Qualified GE VetcoGray MECON DM 900 | 2,953 |76/132(145)| 600 | 50 |@ Attribute Installed or Qualified | To be Qualified within 5 yrs
{ oz J { A e J TURBO MACHIERY [ B }--{ e o } -{ e } { SCHNEIDER ELECTRIC } { i) } -{ T o S } schneiersecriocom en e EIEEL I L Qualified | GEVetcoGray | MECONWM-I | 1,500 | 4,921 | 12/20(24) | 300 | 50 |@|®@ Water Depth 2,485 m (8,150 ft) Depth Classification Ultra Deep Water |  Shallow Water Ultra Deep Water | | Water Depth 3,048 m (10,000 f})
SEABOX LT B T Speed Drive lllustration Fig. 11: Tronic DigiTRON - X Tieback Distance 15 km / 9.3 miles) Water Depth 3,048 m (10,000 ) Shut-in Pressure Rating 15,000 psi (1,035 bar)
e p— L Qualified GE VetcoGray MECONWNM-Il 1,500 | 4,921 18/30(36) | 500 | 50 |@[@ : Water Depth 3,048 m (10,000 ft) Tioback Distance BTy e
{ s J { Prila] J { — }-{ e } -{ S } { SN { bt } .{ TELEDYHE 01 } oresutsea.com Under Qualification| GE VetcoGray MECON WM 3,048 [10,000| 18/30(36) | 500 |15-100|@|@® Power Rating per Motor 4 MW Tieback Distance 60 km (37 miles) oot ating T System Flow Rate 150 MBOPD
p———— p— Fig. 10: Tronic FoeTRON Under Qualification| TE Connectivity | Deutsch P6-3W250 | 3,000 [9,843| 6/10(12) | 250 |15-200/@|@|@ zm“'E'l‘ﬁ' V°':99 TP 66KV Power Rating per Motor T Dton oot Vot o P"T';n lefe;entlal Pressure (ea) 4,500 psi m 0 bar)
PRYSMIAN sumITono PARKER SIENENS { (orazi) { prlabni.com } Wet-Mate Connectors Benestad AS | 15k Power Penetrator | 3,048 10,000 6/10(12) | 450 |15-200/@ @ ® ey Liements In Lrent DeVelopment | et Mate Gonnectors / AC Umbilical Primary Voltage 36KV ISTTIOHOn 1P Unit Motor Power 6.0
"'“”’" S S ST s ST TE Connectivity | Deutsch P6-5W400 | 3,000 9,843 | 6/10(12) | 400 [15-100/@|@|®@ & Quaication Prolects Secondary Vot I Distribution Switchgear Voftage 36K Nominal Voltage E6IkY
- oue : istribui ; econdary Voltage L Utilization (Output) Voltage 6.6 kV i i
SHELL GASMER STATOIL: P-LAB & K-LAB = o X ¥ Future Technology Enhancements Power Distribution System Surveillance - A " ; - p 9 : Water Quality 5-10 micron
ClydeUnion (SPX) NOTES: { (Houston, TX) }{ (Norway) } TE Connectivity | Deutsch P18-SWAO0 |3,000| 9,843 | 18/30(36) | 400 |15-200/0/@|® Key Elements in Current Development | Transformer Marinization / High Resistance Grounding / Wet Mate Connectors for Key Elements in Current Devel t | Integration of Subsea El ts: Switchgear / ASD with Integral ; e ;
1. Direct Dri i iary of FMC 5. Deutsch is part of the TE tivit . Courtesy of Si Courtesy of Si i X ¥ e : P : o Y Element urrent Development | Integration ot subsea Elements: switchgear / ASD with Integral Key Elements in Current Development | Enhanced Inlet Water Conditioning & Treatment / Higher Current & Power Penetrator /
X L:)rﬁgr isrglgiefn fems (;?n ;any. y of 5 F’Einlé ST‘::C tl; gl?)gigs t :d Su?fgrnﬁ: ngfgr%ggpa fint venture, com urtesy of Siemens urtesy of Siemens r— IE gz:::z:z:g [I)JZI:]E[SSE: 21585?,5:(?3 zggg 19011)?;) 1 6i';/13ol]((132b;) ggg 152 0230 : o : & Qualification Projects Combination of Deep Water & High Current / AC Umbilical & Qualification Projects Transformer / Wet Mate C s + AC Umbilicals & Qualification Projects Enhanced Motor and Pump Capabilities / Series Pumps for > Injection Pressure / Depth
3. Subsea raw seawater injection refers to only those projects utilizing a subsea pump to inject 7. CONVERTEAM is a GE company. . . L L . L S - i S DTS | OO | A0 SIS Higher Power Rating & Robustness of Primary Side Wet Mate Connectors / Power Enhancement for Power & Depth for HV Wet Mate Connectors / Salinity Reduction & Micro-Filtration (To Limit Reservoir Degradation Due to Injection) /
) seawater and does not include typical water injection using a pump on a topside facility 8. Bornemann is an ITT Company. slsicom e Semens Subsea :z‘;“:;:t"rgl':;'t‘:mﬂggo5b:‘;‘ B e — ET— [0 I TE Connectivity | Deutsch P18-SW900 | 3,048 [10,000 18/30(36) | 900 | 200 |@ @ ® courTesy oF i TEC SEA Future Technology Enhancements | pigyiption System Surveillance Future Technology Enhancements | poyyer pistribution System Surveillance Future Technology Enhancements HighetryPower Rating & AP Capabilitieg/ Enhanced Conition & Process Monitoring )
4. Bennex is a Siemens company. 9. Benestad is a Aker Solution company b ol farievParsens Group
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operating hours.
And counting.

Up to 100% increased production rate from the
industry’s only subsea multiphase boosting systems

solutions for all environments, including extreme conditions up to 15,000 psi and 3000 meters water depth.

AD0127508S

100% for operators. Visit www.onesubsea.com/pumpingsystems

With more than 30 operating systems in subsea regions from the North Sea to Australia, West Africa to Brazil,
has a portfolio of proven, reliable boosting and pumping systems successfully increasing production rates from 30% up to

Delivering increased recovery requires a reliable subsea processing solution that is designed on the premise of the reservoir.
OneSubsea™ presents the most comprehensive suite of products providing scalable subsea processing and boosting system

OneSubsea

& OneSubsea

' A Cameron & Schlumberger Company

\

/ﬂ% .
Enabllng Subsea Processing by
Connecting Innovation with Experience

siemens.com/energy/subsea
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Naturally.

iy AL HDHD
Power and productivity
for a better world™ "I.I.

ABB is a world leading innovator of sub-
sea power and automation solutions, the
main enabler for safe and cost-effective
subsea developments at greater dis-
tances and depths.

ABB AS
Tel. +47 22 87 20 00
www.abb.com
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Innovative Hydraulic Submersible Pump (HSP) Technology from SPX

Learn more at www.spx.com

= True multi-phase capability; Excels in gassy, heavy crude applications

= Unrivalled operating range from a single frame (particularly at high GVF)
= Minimal installation time; plug & play design

= |deally suited to downhole lift & seabed boosting

Maximize your uptime & flexibility; greatly lower OPEX with the SPX HSP:
= High reliability - MTTF > 11 years in subsea environment

Part of SPX’s expansive portfolio of products serving the oil & gas industry.

Scan
for more
information E 2

Y ClydeUnion Pumps

Design Ratings

~—~
FLOWSERVE
Lol

* Depths to 3050 m (10 000 ft)

« Suction pressures to 5000 psi (345 bar)
* Discharge pressures to 10 000 psi (690 bar)
* Nominal 3.5 MW (4693 hp) motor rating

* Voltage 6.6 kV

Operating Parameters

« Pressure boost exceeding 2200 psi (150 bar) @

« Displacement flow rates to

90 000 bpd (447 m¥h) @ 1800 rpm
* Nominal speed of 1800 rpm (+10% over-speed)

Reliable Seabed Boosting With

Subsea Multiphase Pumps and Motors

For more information visit
www.flowserve.com




