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22 Pﬁ;ﬁuglﬁfgﬁsz I;i‘;:mg; G well :; :eguce C:PE’,( °:‘t‘°Pf'destP’°:t"sss'"9 RIS 6 | 2-Phase - Gas/Liquid Pazflor =0 22 | Parque Das Conchas (BC-10) Phase 1 (23) Caisson/Artificial Non-Separated Shell CamposBasin | 2150 | 7,054 | 90 | 56 185 28 152 | 2205 | 110 | 30% FMC Technologies 2 ESP Baker Hughes Jul-09 1-Mar-11 | 195 I. I Gas - Conceptual [ 6as - Qualified/Testing
! .8 Reduce chemical treatment co: - : : b . . i
AR (R e e e i e i e i el e Tesse 4.9 Improve economics of field with low GOR, high viscosity and low permeabilty. 7 | 2-Phase - Water/0il with Water Reinjection Troll C. Pilot TN 23 | Jubarte Field - Phase 2 (25 Tiehack to FPSO P-57, Uses BCSS (14) Petrobras Espirito Santo Basin | 1,400 | 4,593 | 80 | 50 1,325 200 200 | 3000 | 120 | 30-40% Aker Solutions 15 ESP Schiumberger (REDA) 022011 0.0 Installation to be complete by 2011 140 | 0il ~ Conceptual ! 0il ~ Awarded, in Manufacturing, or Delivered Snohvit
p y g g p 5 87.5 0il - Installed & Currently Operating ‘ 0il — Installed & Not Currently .
2.2.2 Reduce OPEX by reduci i horten life of field . : . . .
223 Oﬁfs:fiigh frict?o:epl:::;?jrreetl;:::erz i:?lisn:e :ﬂeltz (f)IuizieVi)scosity 8 | 2-Phase - Hydrocarbon/Liquids + Sand Tordis = 24 | Cascade & Chinook (6) Skid BCSS - Horizontal ESP on Skid Petrobras US GOM 2,484 | 8,150 8.0 5.0 135 20 220.0 3,191 1.10 20% FMC Technologies 2+2 Spare ESP Baker Hughes Q2 2011 0.0 Start delayed until 2011 <> 0il - Abandoned, Removed Operating or In-Active
224 Offset elevation head pressure loss COURTESY OF ﬁﬁefpﬁf:ﬁf,,‘q 9 | 3-Phase - Gas/Water/Oil 25 | Barracuda Single MPP System Petrobras Campos Basin 1,040 | 3412 | 140 | 88 280 42 700 | 1,015 | 150 50% Framo Engineering 1 Helico-Axial Framo Engineering 03 2011 Ex-Works Framo Q4 2010 ] }gg : : : : : : : —— : | | | |
26 | Montanazo & Lubina Single MPP System Repsol Mediterranean 740 | 2,428 | 80 5.0 80 12 45.0 653 0.23 0% Framo Engineering 1+1 Spare Centrifugal (1P) Framo Engineering 02 2011 Ex-Works Framo Q4 2010 SO IE BT BT 3 8 8 8 g S 8 8 = s = 2 2 8 8 S
- - - o~ N N N o~ N N N ~N N N N o~
CHART 1 — SUBSEA SUPPLIER MATRIX (As of Feb., 2011) [SUBSEA PROCESSING SYSTEMS} 27 | Schiehallion 2 x Dual MPP Systems BP UK, West of Shetiand | 400 | 1,312 | 30 | 19 2700 | 408 260 | 377 | 18 | T74% | VetcoGray/Framo Eng, 4 Helico-Axial Framo Engineering 2013 Delayed Start Up Pending FPSO rebuild SS RAW SEAWATER INJECTION TECHNOLOGY Year SEA
i COURTESY OF /W 7 E&
I I 1 28 | CLOV (22) Subsea Boosting TOTAL Angola, Bk 17 1,200 | 3,940 | 100 | 6.2 660 100 50.0 725 230 55% Framo Engineering 2 MPP Framo Engineering 2014 :'9- 3;“"9 th fO‘IA": Q“’acm e
. i . X ) aw Seawater W1 Pump
29 | Jack & St. Malo (Phase 1) Full Wellstream Subsea Boosting Chevron US GOM 2134 | 7,000 | 13.0 21 1191 180 2413 | 3500 | 3.00 10% 8D 3 (TBO) Centrifugal (1P) 8D 2014 Fig. 1: Aker Solutions’ Fig. 2: Installation of Tyrihans Systems Undergoing SIT in
{ Sl LB B [ LG EQUIPMENT} LiquidBooster™ Subsea Raw SS Raw Seawater Injection Framo Test dock in late 2009 GRAPH 6 — WATER DEPTH vs. TIME O
| | I | o 1| Troll C Pilot (15) SUBSIS (SS Sep. and WI Sys.) Statoil Offshore Norway 340 1,116 35 22 250 38 150.0 2,176 1.60 0% VetcoGray/Framo Eng. 1+1 Spare Centrifugal (1P) Framo Engineering Aug-01 15-Mar-11 114.4 Seawater Injection System (SRSWI) System oy om 1
] Pk 1
== . : A . Ao (Photo: Statoil Tyrihans oft. | Prezioso 1
SUBSEA SUBSEA SUBSEA ;Ea (%;I\ITGE:D Wa CONTROL o .?Jé';f?ms E ,% 2 | Columba E. Dual SPP System CNR North Sea 145 476 | 7.0 43 331 50 3200 | 4,641 2.30 0% Framo Engineering 2 Centrifugal (1P) Framo Engineering May-07 1-Mar-11 45.4 $S Raw Seawater Injection i Zakum (1) ¢ Tyrinans Dﬁullfaks chotnk
SERARATON EQISHRC CUMERESSION WATER INJECTION RCICRONER SYSTEMS SYSTEMS = & | 3 | Tordis W) Separation, Boosting, Wi (12) Statoil North Sea 210 | 689 | 110 | 68 700 106 | 770 | 1117 | 230 | 0% FMC Technologies 1+1 Spare Centrifugal (1P) |  Framo Engineering 0ct-07 May08 | 7.0 See OTC paper 20619, page 16 (SRSWI) System) . Draugen® ¢ @ ™
i .
= i
I i I 1 ‘3 = | 4 | Albacora L'Este Field Raw Water Injection Petrobras Brazil 400 1,312 | 4109 | 2.5-6.0 1,125 170 85.0 1,233 1.2 0% FMC Technologies 3+1 Spare Centrifugal (1P) Framo Engineering Q2 2011 0 Awaiting installation, Framo ex-works 500 _| Vincent Troll and
= Topaci i Shtokman
- 1,640 | . opacio
AKER SOLUTIONS BOOSTING PUMP SN SUBSEA SUBSEA AKER SOLUTIONS AKER SOLUTIONS AKER SOLUTIONS 2 5 | Tyrihans Raw Water Injection Statoil Offshore Norway 270 886 31.0 19.3 583 88 205.0 2,973 2.50 0% FMC/Aker Solutions 2+1 Spare Centrifugal (1P) Aker Solutions Sep-10 1-Mar-11 5.9 <> SPS Project (1) Ceiba FFD I
akersolutions.com | | SYSTEM MOTOR COMPRESSION COMPRESSOR akersolutions.com UMBILICALS VFDs & HV PENETRATORS 7| akersolutions.com 7| akersolutions.com d <>
PACKAGERS NANUERCIURERS MANUFACTURERS [l SYSTEM PACKAGERS [l MANUFACTURERS ' X-FORMERS CONNECTORS - - - i Ceiba €3 &4 P Pazflor
1 | Troll C Pilot (15) (21) SUBSIS (SS Sep. and WI Sys.) Statoil Offshore Norway 340 1,116 | 35 2.2 n/a n/a n/a n/a n/a n/a VetcoGray/Framo Eng. n/a n/a n/a Aug-01 1-Mar-11 113.9 eiba C3 & C4 DOrmen Lange
CAMERON PROCESS 2 | Marimba Field (24) VASPS Field Test Petrobras Campos Basin 395 1,296 | 1.7 1.1 60 9 52.0 754 0.3 Cameron 1 ESP Schlumberger (REDA) Jul-01 1-Jul-08 83.8 Non-operational Restart undefined 1,000 _|
SYSTEMS (Formally  |_| AKER SOLUTIONS AKER SOLUTIONS CURTISS WRIGHT AKER SOLUTIONS DRESSER RAND || BAKER HUGHES BAKER HUGHES | | ALPHATHAMES 3,280 | Navajo ’ <}> Barrauda
Petreco/Natco) com com com com d d.com bakerhughes.com | | AKER SOLUTIONS ABB | ALSTOM DEUTSCH bakerhughes.com alpha-thames.co.uk 3 | Tordis Separation, Boosting, Wl (12) Statoil Offshore Norway 210 689 11.0 6.8 1,250 189 27.0 392 2.30 10-68% FMC Technologies 1+1 Spare Helico-Axial Framo Engineering 0Oct-07 1-Mar-11 40.4 See OTC paper 20619, page 16 | I <> CLOV
c-a-m.com akersolutions.com abb.com alstom.com deutsch.com = =
(= 4 | Parque Das Conchas (BC 10) Phase 1 (23) Caisson Sep./Artificial Lift Manifold Shell Campos Basin 2,150 | 7,054 | 25.0 15.6 185 28 152.0 2,205 1.10 15% FMC Technologies 4+2 Future ESP Baker Hughes Centrilift Aug-09 1-Mar-11 18.5 a 7 <> <>
FIC KONGSBERG = - _ S 150 | Jubarte EWT 4 Jubarte Phase 2
mMFMCICD; L CAMERON BORNEMANN | | FRAMO ENGINEERING ;;llc T:CH;IOLOGIES | | FRAMO ENGINEERING SUBSEA/SIEMENS o CAMERON CAMERON/DES :é 5 | Perdido 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-11 11.0 Images Courtesy of Aker Solutions Courtesy of Framo = 4'920 — I
hnologies.com c-a-m.com bornemann.com framoeng.no ctechnologies.com framoeng.no fmcti.com | DRAKA | BAKER HUGHES | BENNEX | BENESTAD c-a-m.com ¢-a-m.com > X i
(___ siemens.com ) draka.com bakerhughes.com bennex.com benestad.com % 6 | Pazflor 3 x Gas/Lig. Vert. Separation Systems Total Angola, Blk 17 800 2,625 4.0 25 1,800 272 90.0 1,305 2.30 <16% FMC Technologies 6+2 Spare Hybrid H-A Framo Eng./FMC Tech. 3-4Q, 2011 Framo ex-works Jan 2010 § i King ‘ I
_ 7 | Marlim In-Line Separation Petrobras Campos Basin 878 2,881 38 24 135 20 245 3,553 1.9 0 FMC Technologies 1 Centrifugal (1P) Framo Engineering Q3 2011 Framo ex-works Q1 2011 ss WATER INJECTION & TREATMENT TECHNOLOGY i : :
GE 0il & Gas || || FMC TECHNOLOGIES BAKER HUGHES HAYWARD TYLER | | FRAMOENGINEERING | | | GEPOWERSYSTEMS | || FRAMO ENGINEERING | | FMC TECHNOLOGIES CONVERTEAM - Marlim (boosting)
geoilandgas.com com com framoeng.no geoilandgas.com framoeng.no | | buco CONVERTEAM | | oeutscn | | TELEDYNE D.6.0'BRIEN ies.com com 8 | Congro, Malhado & Corvina VASPS w/Horizontal ESP Petrobras Campos Basin TBD 2012 Fig. 4: 15,000 BWPD SWIT Field  Fig. 5: SWIT (Subsea Water Injection & Treatment) System Configured gvggg — |
fochizcoT ALY gelreccuy Ggccont - Test for 15 months, 99.8% Uptime  on the Sea Floor with Subsea Water Injection Pumps Bl g Parque Das Conchas @ o
9 | Canapu Field Twister BV Separation Technology Petrobras Espirito Santo Basin | 1,700 | 5578 | 21.0 13.1 TwisterBV none - (BC 10) Phase 1 | JJack & St. Malo
Subsea Well(s) .
SAIPEM | | FRAMO ENGINEERING FLOWSERVE | | FLOWSERUE GEOIL & GAS | | mANDIESEL& TURBO | | | SAIPEM FRAMO ENGINEERING VETGO GRAY. ] ) o o ] ) ) ] ] . ] ) o 7 I
saipem.com framoeng.no (] i com e com saipem.com JDR FRAMO ENGINEERING DIAMOULD TELEDYNE ODI ™| framoeng.com —  SCANDINAVIA CURRENT STATUS CATEGORIES NOTES: alternative ESP boosting configuration to caisson in the seabed. This technology is pump is currently being repaired and upgraded. 21. Troll G Pilot - Separation began on Aug. 25, 2001. See OTC paper 20619, page 10 for oS B = 0 » i Perdido <>
7| jdrcables.com B framoeng.no | diamould.com odi.com geoilandgas.com B Conceptual Project 1. See information accuracy statement below title block. Note that the qualification designed to cover the low GVF and high DeltaP multiphase flow. 14. BCSS - Centrifugal Subsea Submersible Pumps. Pumps are placed in protective further details on operating experience. Note that injection pump data is only shown - < 2,500 _| Gﬂ? - Conceptual Ga§ - 0ua||f|ed/'!'est|ng ) ) <]>Casca de and
“ QualfiedTesti status categorizations shown in this table, and throughout the poster, are based on 7. King utilizes an umbilical which combines HV cables with the service umbilical. holes in the seabed, 200m from the producing wells. MOBO - Modulo de Bombas in the subsea water injection section of the table. 1. System iinfection 8200 | | @ 0il - Conceptual ) 0il — Awarded, in Manufacturing, or Delivered | Chinaok
) DRERTE ualitied/lesting unverified claims from equipment suppliers and field operators. These qualification 8. Nuovo Pignone is now part of GE Oil & Gas. (Pumping Module) 22. CLOV - Total reports that the CLOV development will utilize seabed multiphase < HISTORICAL FUTURE > " 41 < 0!' ~ Installed & Currently Operating 3 0il - Installed & Not Curr.ently |
n{n:::n ey G.Elo" G | FRAMOENGINEERING | | | gyqreys (q) L S'Tm:';mg:ﬂ;c" LI L GE OIL & GAS U8 Awarded, in Manufacturing, or Delivered status designations are not necessarily derived using technology readiness level 9. Low wellhead pressure of 100 psig at seabed dictated that artificial lift was required. 15. Troll SUBSIS - The world’s longest operating subsea separation system and first pumps to boost Cravo, Lirio, Orquidea and Violeta miocene from First Oil + 2 years. 2. Seawater isinfection Injection of High Quality 11 © 0il - Abandoned, Removed Operating or In-Active |
(LT R S TG fmeti.com s L u M’E‘S\’gm u scul;tll;ﬁmﬁin - ;?Ig"";’&ag‘:;m L W;i'}:uc"o';sg BN (M Installed & Currently Operating (TRL) assessments per APl RP 17Q or DNV-RP-A203. 10. VASPS - Vertical Annular Separation and Pumping System subsea water injection pump system. 23. Parque Das Conchas (BC 10) Phase 1 - Composed of 3 reservoirs: Ostra, Abalone PRESENT ydronyl Radicals Seawater ] |
’ ’ 2 = T I I installed & Not Currently Operating or In-Active 2. Power for gas compression is the power required to run the entire compression 11. Year indicates first year of operation for the SS processing system. 16. Manufacturers are: Framo Engineering and Centrilift. There are 2 ESPs per well and Argonauta B-West. Argonauta 0-North to be added in Phase 2. “Electro-chlorination 3,000 e A B B o B o L B B o e o B e B I M i m s S
- station. Pump power listed is the power required to run a single pump. 12. Tordis Field: 1+1 Spare Multiphase Boosting Pumps, and 1+1 Spare Water Injection feeding Framo MPP on seafloor. 24. Marimba VASPS - 2000 - First installation in Marimba (JIP Petrobras/Eni-Agip/ power cable from a 9,843 5 &M o ® O & - O M o ® O . Q@ o
LEISTRITZ LOHER (2) SCHLUMBERGER L\ Abandoned, Removed 3. Differential Pressure values are for individual pumps. Pumps; Tieback to Gullfaks C platform. Statoil hopes to increase oil recovery from 17. Navajo Field is a SS tieback to Anadarko’s Nansen spar. ExxonMobil), 2001 - Startup and Operation (July to Dec.) until ESP failure, 2002 End host faclty § § 5 55 5 5 § ) § § § § § § § § § ] é § g T 5 5 5 5 & & 8
B leistritz.com ] loher.com | | OCEANEERING | | eni';':;’;ial | | TELEDYNEODI slb.com TIMELINE CATEGORIES 4. Ormen Lange is a gas field, pumping low volumes of condensate. The hardware 49% to 55%, an additional 36 MMBO, due to the world’s first commercial subsea 18. BH Centrilift = Baker Hughes Centrilift of JIP, By-pass production, 2003 - Workover Plan (IWP), 2004 - Workover and Re-start ot SorSs o oo T T -T - - - - - - - -8 & d & & & & &8 & 8§ §
oceaneering.com siemens.com TEERD Operating currently being built is 1 out of the 4 compression trains that ultimately will be separation, boosting, injection and solids disposal system. 19. Lufeng - Closed down due to field economics, after 11 years of operation. on May 8, 2004. From 2005 until 2008 VASPS operated well until well failure. - Sollds settling and Removal sl oo s L S T R i G Year COURTESY OF i 7 & SEA
Installed & Not Operati In-Acti deployed subsea when pilot unit is tested. 13. According to BP in Feb., 2010: “Two King pump units are installed in the field but 20. Prezioso - World's first deployment of an electrically driven twin screw MPP 25. Jubarte Field (Phase 2) is to be installed in 2011. Wells will be connected to the rewerfrotecten WorleyParsons Group
SR nstalle 0t Operating or In-Active 5. GVF = Gas Volume Fraction at inlet of pump. remain shut-in due to operational issues, or capacity constraints at the Marlin TLP operating on a live well. Testing occurred in 1994 and 1995 for a total of 7,850 hours FPSO P-57. All wells will have gas-lift as a backwp. CSEA
Future - Anticipated Operational Period i - Utili i i i i iti i i i i i iNicL ;
.com - o RTESY OF WorleyParsons Group - VS. er Pum
sib siac:N,::P,i, R:;,!SOTTEEM ,g,:mgi p p 6. Cascade & Chinook - Utilizes horizontal ESPs on skids above mudline. It is an related to additional production from the Dorado field and King South well. One King of operation at base of platform on seafloor. COURTESY Ol Images Courtesy of Well Processing GRAPH 7 - PUMP THROUGHPUT DIFFERENTIAL PRESSURE P MPP ONLY
300
NS e ystoms s 2 subsiiay o SUBSEA SEPARATION SYSTEM TYPES: 1. GRAVITY SEPARATION SYSTEMS (Figures 1-6) 2. CAISSON SEPARATION SYSTEMS (Figures 7-10) 3. COMPACT / DYNAMIC SEPARATION SYSTEMS (Figures 11-16) 4350 - .
' — TRONIC 7 Gas — Conceptual Gas — Qualified/Testin
of FMC Technologes. TR 1 wmecomsg | _ . . Dot . - . . . S (. . . ] . q 7 q ] q - S - q - 7 0il - Concegtual <> Oil - Awarded, in Magufacturing or Delivered
2. Loher is a Siemens company. COURTESY OF iW T L SEA Fig. 1A: FMC Subsea Separation System for the Tordis Project Fig. 2: FMC SS Gas/Liguid Separation & Fig. 5: Saipem COSSP (2-Phase Gas/Liquid | Fig. 7: Caisson Separation/ESP Fig. 8: Petrobras’ Centrifugal Separation Fig. 10: FMC’s Vertical Access Fig. 11: Cameron’s 2-Phase Compact Fig. 13: FMC 2-Phase Gas/Liquid Separation using Fig. 15: Twister BV 2-Phase Gas/Liquid i 0il - Installed & iy Operati 0il - Installed ’& Not G " ’
WorleyParsons Group Boosting System for Pazflor Project Separation & Boosting System Concept) Boosting System System with Submersible Pumps (BCSS) Caisson with ESP Boosting (Gas/ Separation System with ESP Pumps In-Line Separation Technology for the Marlim Project Separation using Cyclonic Technology 250 _| <> ' = nstate urrently bperating ‘ fi = nstafle ot burrently
: Liquid Separation & Boosting Sys.) 3,625 | [ <> 0il - Abandoned, Removed Operating or In-Active
TABLE 4 — INDUSTRY ACRONYMS 163 Integrated Compressor System SPEED  Subsea Power Electrical Equipment TABLE 5 - OTHER INFORMATION SOURCES SEPARATION 1 & cascade and Chinook
& ABBREVIATIONS IR Improved (increased) il Recovery Distribution (Recommended Papers and Additional on Subsea Processing) 101020748 2010 STATOLL Separation i the Gulfaks Field i Q ascade and Lhinoo
JIP Joint Industry Project SS Subsea . 2 DOT Amst. 2010  SAIPEM Testing of Multi-Pipe Separator 200
AC Alternating Current KBS Kvaerner Booster Station SSBI  Subsea Separation Boosting Injection Go to www.onepetro.org to order the SPE & OTC papers listed below. 3 DOT Monaco 2009 SAIPEM Gas/Liquid Separator for DW © 2900 | .Jubarte Phase 2
AL - Aificial Litt kW Kilowatt . SUBSIS  Subsea Separation and Injection System COMPANY EXPERIENCE & APPROACH TO SS PROCESSING & BOOSTING 4 07020080 2009 TOTALFMC Comparison of SS Separation Systems 5 7 \
G DI il e e e ey | ML SWIT  Subsea Water Injection and Treatment 1 0020619 2010 STATOLL Subsea Processing at Statoil 5 SPE123150 2009 FMC Overview of Projects 7] ] \
BCSS  “Subsea Separation Systems” Fig. 8&9  LDDS  Long Distance Delivery System System i >Sing " Jects . a 4
BPD Barrels per Day LOF Life of Field e Tonsion Led Platt 2 DOTAMST. 2010 STATOIL Statoil’s Experience & Plans 6 0TC18914 2007 PETROBRAS SS Oil/Water Separation - Campos Basin (< B \
el ) - ension Leg Platform . 3 (0TC20186 2009 PETROBRAS Subsea Processing & Boosting 7 0TC16412 2004 FMC KONGSBERG Compact SS Separation System Q. 150 % \
O noiLay i o AT VASPS  Vertical Annular Separation and Pumping 4 0TC18198 2006 PETROBRAS Application in Campos Basin 8 OTC15175 2003 ABB OFFSHORESYS.  Ultra DW Gravity-Based Separato - u
CAPEX  Capital Expenditures System b System 5 SPE113652 2008 BP Successes & Future Challenges LUt e S 2% o0 &gj”baﬂe EWT
COSSP Configurable Subsea Separation MBLPD - Thousand Barrels of Liquid per Day VFD  Variable Frequency Drive 6 0TC17393 2005 PETROBRAS New Approach for SS Boosting SUBSEA WATER INJECTION Fig. 4: Aker Solution’s DeepBooster™ = 1 \
& Pumping MBOPD - Thousand Barrels of il Per Day USD  Variable Speed Drive 1 0TC20078 2009 AKERSOLUTIONS Tyrihans Raw Seawater Injection e ‘ — images Courtesy of - MY ]
CSSP  Centrifugal Subsea Submersible Pump MBWPD Thousand Barrels of Water Per Day WD Water Depth SUBSEA BOOSTING PROJECTS y JSchon with Separation System Flexsep ety > ] \\ Trend Line Limit
CTCU  Cable Traction Control Unit MMBO  Million Barrels of Oil WGC  Wet Gas Compressor 107020372 2010 NALCO/SHELL BC-10 Production Chemistry 2 SEIED 2y G (CalITERLE B SeRv R I E 10| o N
DC  Direct Current MIMBOE Million Barrels of Oil Equivalent W Water Injection 2 01620537 2010 SHELL Parque das Conchas - BC-10 § WokAD 2 [ Tordis I0R Project - a 1450 | ¥ Pazfior
DVBS  Deepwater Multiphase Boosting System MPP  Multiphase Pump WIP Water Iniection Pi 3 0TC20649 2010 SHELL Parque das Conchas - BC-10 4 0TC15172 2003 NORSK HYDRO Troll SS Separation & Water Injection Fig. 16: Twister BV i ~
DW Deepwater MW Megawatt EET 8 i 4 0TC20882 2010 SHELL Perdido Development ELECTRICAL Cyclonic Separator i Barracuda ~o Marli
ESP Electrical Submersible Pump NF Natural Flow ADDITIONAL RESOURCE 5 SPE134393 2010 SHELL/BAKER HUGHES Development for Perdido & BC-10 Assets X . = < - Tochnolo ] <> ~ arlim
FFD  Full Field Development OPEX  Operating Expenditures For those who want to understand Subsea 6 0TC20146 2009 BP BP King SS Boosting 1 07620483 2010 TOTAL Al IR Courtesy of FMC Technologies & 50 < < e =
FO First Oil PCM  Power Control Module Processing Terminology view Poseidon Group AS’s 7 0TC17899 2006 FRAMO/OILEXCO SS Boosting at Brenda Field 2 0TC20532 2010 SHELL HV Power Umbilical Design P s ypkonlc e 725 | * <>’ & =< i i
FPS Floating Production System PCDM  Power and Communication Distribution document from the following: 8 SPE88562 2004 FRAMO/SANTOS Mutineer & Exeter Fields 3 0TC20621 2010 STATOIL Subsea Power Systems . _ o ' ; Y aF N\ > k < Ny £ = A Nozz (500,000g) DM N ‘><> % ——— —_ Tordis Vincent
FPSO  Floating, Production, Storage, Module http://posccaesar.vestforsk.no/intra/Portals/0/ NEW MULTIPHASE BOOSTING SYSTEM 4 (0TC20042 2009 VETCOGRAY/ABB Long Step-Out Power Supply HORIZONTAL SEPARATOR - This type is more efficient for oil/ = . i 1 i g 5 ) & ! _ 4 Al L = N <> <> ‘ —— e —— @— -— ———
& Offloading Vessel PLIM  Pipeline Inline Manifold reports/processing.pdf 1 SPE134341 2010 SHELUFLOWSERVE  Development of High Boost System STUDIES & OVERVIEWS water separation. n example s the orange colore horizontal < S e \ . » > — 1094 Shroud / 7 NE g B p e ] " *
GLCC  Gas/Liquid Centrifugal Cyclonic ROV Remote Operated Vehicle T 020887 2010 SHELL Desnstar S5 Processing Stud separator for the Tordis Project shown in Fig. 1A above. 2 < 1 — Obar | Brenda and Nicol Lyell
ggwISP gulf gf_ll\csxtlcos tion Platfi :ml gevol\klltlgnsll’_er :VI e guIPI?aEsI: SFG';‘;II‘I{?EL?(:‘) 1S SUBSER COMPRESSION 2 0TC19262 2008 ASME/ACERGY Imp:m on Field Architegcture ! VERTICAL SEPARATOR - This type is more efficient for gas/ 0 psi I v 1T T T T 1T T T T T°T T T T T 1T T
as-0il-Water Separation Platiorm aw water Injection | 1 0QTC 20747 2010 AKER SOLUTIONS Condition Monitorif = Pressure -
GVF Gas Volume Fract'i)on SCM Subsea Contr]ol Module 2-Phase (Oil/Water) 2 DOTAMST. 2010 AKER SOLUTIONS Cg:d:t=g: Mg:hg:::g - SS Compression 3 0TC18261 2006 SHELL Technical Challenges & Opport. liquid separation. The liquid keeps a fluid blanket on the pump Fig. 1B: Capsule e ugd“ 0 m¥/hr 200 400 600 800 1,000 1,200 1,400 1,600
GLR Gas-to-Liquid Ratio SFB Seafloor Boosting 2-Phase (Hydrocarbons/Liquid) 3 DOTAMST. 2010 SHELL Qualifying the Technology 4 SPE84045 2003 TEXAS A&M SS Production Systems Overview and reduces potential pump cavitation. An example is the 19. "9 i Caisson v o 0 MBLPD 30.2 60.4 90.6 120.8 151.1 181.3 211.5 241.7
Hp Horsepower SIORS  Subsea Increased Oil Recovery System 3-Phase (Gas/0il/Water) 4 0TC20030 2009 AKER SOLUTIONS Subsea Compression Station 5 PSIG0210 2002 SCHL/TEXAS AZM Multiphase Pumping Overview Pazflor vertical separator shown in Fig. 2. Tordis Dobar7C Th hout counresvor iNTE —
HV High Voltage SMUBS ~ Shell Multiphase Underwater Boost Station ~ 4-Phase (3-Phase with solids removal & disposal) 5 0TC20028 2009 STATOILHYDRO SS Compression Pilot System 6 0TC7866 1995 EXXON SS Prod. - Trends in the Nineties Separator Courtesy of FMC Technologies Courtesy of Aker Solutions Images Courtesy of Saipem Courtesy of Baker Hughes Images Courtesy of Aker Solutions Courtesy of FMC Technologies Images Courtesy of Cameron Images Courtesy of FMC Technologies el roughpu Gl @l ,,’..f,!.v'.,ﬂ:,ﬁ,E.,,A

CAMFORCE and MARS®
Two Powerful Names In Subsea Processing

Cameron quality, experience and reliability come together with technology to create CAMFORCE Subsea Processing Systems.

FI.GV\VSER_\E Reliable Seabed Boosting With Subsea Multiphase Pumps and Motors

CAMFCRCE

The Future of Subsea Processing by Cameron™

saipem

Design Ratings

e Depths to 3050 m (10 000 ft)

e Suction pressures to 5000 psi (345 bar)

* Discharge pressures to 10 000 psi (690 bar)

e Nominal 3.5 MW (4693 hp) motor rating

Voltage 6.6 kV

* Frequencies from 10 to 66 Hz (+10% over-speed)

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)

FRAMO
ENGINEERING

Representing a unique culmination of strategic planning an Cameron quality, experience and reliability come together to
create two powerful names in subsea processing —- CAMFORCE and MARS. CAMFORCE represents the future in boosting and

separation technologies while MARS (Multiple Application Reinjection System)

Innovative Subsea Processing and Field Development Solutions

MARS

MuULTIPLE APPLICATION RE-INJECTION SYSTEM

From a leading Deep water Contractor

provides the enabling technology to adapt to a variety of systems.

For more information visit www.flowserve.com

WWW.FRAMOENG.NO

CAMFORCE and MARS - visit www.c-a-m.com/camforce to find out more. CAMFORCE Boosting CAMFORCE Separation MARS Enabling

WWwWWw.saipem.com




