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TABLE 1 - 2012 WORLDWIDE SURVEY OF SUBSEA BOOSTING, WATER INJECTION, AND SEPARATION (1)(2) TABLE 2 — SUBSEA BOOSTING METHODS/CONFIGURATIONS FIG. 1 — VERTICAL ESP BOOSTING IN | FIG. 2 — VERTICAL ESP BOOSTING IN  J§ FIG. 3 — VERTICAL ESP BOOSTING IN [ FIG. 4 — VERTICAL ESP BOOSTING
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COMPANY Meters | Feet | Km | mies | 3w | weiER | M| OR | oww | GO COMPANY PUMPS TYPE COMPANY tloneay | poesmr | Mms | EEEE B SRR SRR E SR RSS2 E RS Wellstream 0il Boosting Vertical ESP L J @ | 5o-10ubarte
Wellstream 0il Boosting Vertical ESP . BC-10
* k. E Prezioso (20) MPP at Base of Platform AGIP Italy 50 164 0.0 0.0 65 10 40.0 580 0.15 30-90% Nuovo Pignone (8) 1 Twin-Screw GE 0il & Gas 1994 1995
i = . A N Wellstream 0il Boosting Vertical ESP NA
Prepared By: Mac McKee, Spiridon lonescu, Tim Turner, Ri Draugen Field SMUBS Project, 1MPP NS Norske Shell | Offshore Norway | 270 | 886 | 60 | 37 193 2 53 | 773 | 075 | 42% Framo Engineering 1 Helico-Axial Framo Engineering Nov-95 | 15:Nov-96 | 122 l L B
’ ] Wellstream 0il Boostin Vertical ESP Perdido
and Tim Palombo of INTECSEA, Lufeng 22/1 Field (9) (19) Tieback to FPSO Stato South ChinaSea | 330 | 1,083 | 10 | 06 675 102 | 350 | 508 | 040 3% | Framo EngJFMC Tech. 5+2 Spare Centrifugal (1P) | Framo Engineering Jan-98 | 15-Ju-09 | 1380 I I I I I See OTC Paper 20619, page 7 9 L J
Wellstream 0il Boostin Vertical ESP Navajo
E. Kurt Albaugh Of Rep30| E & P USA, ; Machar Field (ETAP Project) Hydraulic Turbine Drive BP Amoco UK North Sea 85 277 | 352 219 1,100 166 22.0 319 0.65 64% Framo Engineering 2+1 Spare Helico-Axial Framo Engineering 1999 Never Installed 9 . . !
Wellstream 0il Boostin Horizontal ESP (Slant Espadarte/Cascade-Chinook
and Peter Batho Of Chevron Energy TEChnOIOgy Company Topacio Field 1 x Dual MPP System ExxonMobil Equatorial Guinea 500 1,641 | 9.0 5.6 940 142 35.0 508 0.86 75% Framo Engineering 2+1 Spare Helico-Axial Framo Engineering Aug-00 1-Mar-12 138.2 II 9 (Stant) . P
E M I c t C t A dd t t % @ . t . i - R ) . R i . Wellstream 0il Boosting Horizontal ESP (Slant) Congro-Corvina
-Mall Comments, Lorrections or 1tions 1o. sspumpe@intecsea.com Ceiba C3 and C4 Phase 1 SS MPP Project Hess Equatorial Guinea 750 | 2,461 | 7.5 4.7 600 91 45,0 653 0.84 75% Framo Engineering 2+1 Spare Helico-Axial Framo Engineering 0ct-02 1-Mar-12 | 1123
2 Wellst il Boostil Vari Tabl iba/Luf Lyell/Kil
Jubarte EWT Riser lift to Seillean drillship Petrobras Espirito Santo Basin | 1,400 | 4593 | 1.4 0.9 145.0 22 140.0 2,000 0.70 22% FMC Technologies 1 ESP Schlumberger (REDA) Dec-02 1-Dec-05 35.9 elistream Oil Boosting arious (see Table 6) . Ceiba/Lufeng/Lyell/King
S E A 7 Ceiba Full Field Development Full Field Development (FFD) Hess Equatorial Guinea | 700 | 2,297 | 75 | 47 2,500 378 450 | 580 | 120 75% Framo Engineering 5 Helico-Axial Framo Engineering Dec-03 1-Mar-12 | 983 Wellstream Oil Boosting Various (se¢ Table 6) L J Pazflor
"._.: Mutineer / Exeter 2 x Single MPP Systems Santos NW Shelf, Australia 145 476 7.0 43 1,200 181 30.0 435 1.10 0-40% Framo Engineering 7 ESPs, 2+1 Spare Helico-Axial Framo Engineering (16) Mar-05 1-Mar-12 834 Raw Water Injection Pumping Centrifugal Pump IRIGELTT Columba-E/Tyrihans/Albacora
—
2 - ; I
Worl ey Parsons Grou P e A N E S Lyell S8 Tieback to Ninian South CNR UK North Sea 146 | 479 | 150 | 93 | 1100 166 180 | 261 | 160 | 40-70% Aker Solutions 1 Twin Screw Bornemann SMPC 9 Jan-06 Dec-06 | 11.0 Non Operational Local Re-injection of Produced Water | Centrifugal Pump TrollTordis
— ; N i . . . . . -
'g = Navajo (17) ESP in Flowline Riser Anadarko GoM 1110 | 3642 | 72 | 45 2% 4 402 | 58 | 075 57% Baker Hughes 1 ESP Baker Hughes Centrilift |  Feb-07 1-Aug-07 | 55 Non Operational Legend: [(E Filter [(! Pump [Cs] g g Low to medium GVF full wellstream boosting. Separated (degassed) wellstream boosting. Low to medium GVF full wellstream boosting. Separated (degassed) wellstream boosting.
- w
O wi
INTECSEAI I“c' 0"5h0|'e Magazme |2 Jubarte Field - Phase 1 Seabed ESP-MOBO, Uses BCSS (14) Petrobras Espirito Santo Basin 1,350 | 4,429 | 4.0 25 120 18 138.0 2,002 0.90 10-40% FMC Technologies 1 ESP Schlumberger (REDA) Mar-07 Aug-07 5.0
15600 JFK Boulevard. Ninth Floor 1455 West Loop South, Suite 400 <3 —— — — — ~— FIG. 5 — ESP BOOSTING IN FLOWLINE [} FIG. 6 - HORIZONTAL ESP BOOSTING | FIG. 7 - SEPARATION WITH FIG. 8 ~ BOOSTING PUMP ON SEABED [§ FIG. 9 —~ BOOSTING PUMP ON SEABED f§ FIG. 10 - RAW SEA WATER FIG. 11 - PRODUCED WATER
ST 770’32 = AR 7702’7 - @3 Brenda & Nicol Fields MultiManifold with 1 MPP OILEXCO N.S. UK North Sea 145 | 476 | 85 | 53 800 121 190 | 276 | 110 75% Framo Engineering 1+1 Spare Helico-Axial Framo Engineering Apr-07 1-Mar-12 | 584 RISER ON SEABED (NO SEPARATION) HORIZONTAL ESP BOOSTING (NO SEPARATION) (WITH SEPARATION) INJECTION USING SEABED PUMPING INJECTION USING SEABED PUMPING
Tob 21’3 e Tel7 1’ S5 AW King (7) (13) $5 Tieback to Mariin TLP BP GOM,MCBlocks | 1700 | 5578 | 200 | 180 | 497 75 500 | 725 | 130 | 0-95% Aker Solutions 241 Spare Twin-Screw | Bornemann TS/Loher Nov-07 | 15Feb-09 | 15.0 Non Operational ; , ON SEABED , o S .
www.intecsea.com www.offshore-mag.com 5 > Vincent Dual MPP System Woodside NW Shelf, Australia 470 1,542 3.0 1.9 2,700 408 28.0 406 1.80 25-80% Framo Engineering 2+2 Spare Helico-Axial Framo Engineering Aug-10 1-Mar-12 19.0
=
E 2 Marlim SBMS-500 SS Field Test Petrobras Campos Basin 1,900 6,234 3.1 19 500 75 60.0 870 1.20 0-100% Curtiss-Wright/Cameron 1 Twin-Screw Leistritz Q1, 2011 0.0 Non-operational due to poor well performance (excessive water)
w
ACKNOWLEDGEMENT OF THE CONTRIBUTORS E 2 Golfinho Field Seabed ESP-MOBO, Uses BCSS (14) Petrobras Espirito Santo Basin | 1,350 | 4,429 146 22 1380 | 2,002 110 | 10-40% FMC Technologies 4 ESP Baker Hughes Centrilift Aug-09 0.0 | Non-operational due to poor well performance (excessive water)
. . L . . o3
INTECSEA and Offshore Magazine wish to acknowledge the following individuals and companies who continue E 2 Azurite Field Dual MPP System Murphy Oil Congo, W. Africa 1,338 | 439 | 3.0 19 920 139 42,0 609 1.00 28% Framo Engineering 2+1 Spare Helico-Axial Framo Engineering Sep-10 1-Mar-12 17.5
to support our efforts to educate and inform the oil and gas industry on the status of subsea processing technologies. =E - i T -
Aker Solutions: Audun Grynning and Kate Winterton; Cameron: David Morgan, Jay Swoboda, John Byeseda, and Sharon Sloan; Chevron: Peter Batho; [rg™] Golfinho Field Four BCSS Caissons (14) Petrobras Espirito Santo Basin | 1,350 | 4,429 146 22 138.0 2,002 1.10 10-40% Aker Solutions 2 ESP Baker Hughes Centrilift 0.0 Not yet operational at press time I
Flowserve: Bob Urban and Marc L. Fontaine; Framo Engineering: Are Nordahl; FMC Technologies: Allen Neciosup and Chris Shaw; Saipem: Stephanie Abrand and Eric Hansen; ; Espadarte Horizontal ESP on Skid Petrobras Brazil 1,350 | 4,429 125 19 100.0 1,450 0.90 10-40% FMC Technologies 2 ESP Baker Hughes Centrilift
Schlumberger: Kevin Scarsdale; Technip: Chuck Horn, Mark Zerkus, Tim Lowry, and Stephanie Roberts; Well Processing: David Pinchin, Helge Lunde, and Oyvind Espeland 5
=3 Parque Das Conchas (BC 10) Phase 1 (23) Caisson/Artifical Non-Separated Shell Campos Basin 2,150 | 7,054 | 9.0 5.6 185 28 152 2,205 1.10 30% FMC Technologies 2 ESP Baker Hughes Centrilift Jul-09 1-Mar-12 315 II
Information Accuracy: We have attempted to use correct and current, as of press time, information for the subsea systems and equipment described herein. No installed, sanctioned, nor ( POSTER E Jubarte Field - Phase 2 (8) Tieback to FPSO P-57, Uses BCSS (14) Petrobras Espirito Santo Basin | 1,400 | 4593 | 8.0 5.0 1,325 200 200 3,000 1.20 30-40% Aker Solutions 15 ESP Schlumberger (REDA) 02, 2011 0.0
pending application was intentionally excluded. We have summarized the capability and operating experience by acting as a neutral party and i ofi i ion has been ‘2_ ) i i i i - ' -
collected from public sources, company brochures, personal interviews, phone interviews, press releases, industry magazines, vendor-supplied information, and web sites. No guarantee = 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 Centrilift 03, 2012 0.0 Pump installation expected Q3, 2012
;;:2:;;"1: ;’;';:;"f::;:;z:f:‘f';f: d°;1';':1‘:::;’; ':'1;'";'"':1:5;3::5 ":;em d"ﬁg::;":eﬂa;::;z ﬁ:;e;:gl’n:i‘:::;zﬁw S AR RO CATI = S Barracuda Single MPP System Petrobras Campos Basin 1,040 | 3412 | 140 | 88 280.0 ) 700 | 1015 | 150 50% Framo Engineering 1 Helico-Axial Framo Engineering a1, 2012
. } h b .com. B
Montanazo & Lubina Single MPP System Repsol Mediterranean 740 2,428 8.0 5.0 80.0 12 45.0 653 0.23 0% Framo Engineering 2 Centrifugal (1P) Framo Engineering 2012
WORLDWIDE LOGATIONS FOR SUBSEA PUMPING, WATER INJECTION, AND SEPARATION SYSTEMS (As of Feb., 2012) Schiehallion 2 x Dual MPP Systems BP UK, West of Shetland | 400 | 1312 | 3.0 19 2,700 408 26.0 377 1.80 74% VetcoGray/Framo Eng. 4 Helico-Axial Framo Engineering 2013 Delayed Start Up Pending FPSO rebuild
L o S e :_:"‘ o Non:veg;ian Sea T CLOV (22) Subsea Boosting TOTAL Angola, Blk 17 1,350 | 4,429 | 10.0 6.2 660.0 100 45.0 652 2.30 55% Framo Engineering 2 Helico-Axial Framo Engineering 03,2014
1 “‘ = “ '::‘ f . - [ Tordis (Separation, Boosting, Wi) Jack & St. Malo Full Wellstream Subsea Boosting Chevron US GOM 2,134 | 7,000 | 13.0 21 1,191 180 241.3 3,500 3.00 10% Framo Engineering 3 (TBC) Centrifugal (1P) Framo Engineering 03,2014
R ) B . R
& 3 « [l Troll C. Pilot (Separation, WI) . " . L . Mar IIIIII Boosting and injection of treated raw seawater for
S SR % < >, —| Wl Tyrihans (WI) |:'_: 2 Troll C Pilot (15) SUBSIS (SS Sep. and Wi Sys) NorskHydro AS Norway 340 1116 | 35 22 20 %8 1500 2176 1.60 0% VetcoGray/Framo Eng. 1+1 Spare Centrifugal (1P) Framo Engineering Aug-01 1-Mar-12 1259 Low to medium GVF full wellstream hoosting. Low to medium GVF full wellstream hoosting. Separated (degassed) wellstream boosting. Full GVF range of wellstream boosting. Separated (degassed) wellstream boosting. reservoir pressurization.
West of Shetlan ds [l Draugen (Boosting) = E Columba E. Dual SPP System CNR North Sea 145 476 70 43 331 50 3200 | 4,641 2.30 0% Framo Engineering 2 Centrifugal (1P) Framo Engineering May-07 1-Mar-12 57.4
‘ [ Schiehallion (Boosting) g 5 Tordis (WI) (12), Separation, Boosting, Wl Statoil North Sea 210 689 11.0 6.8 700 106 77.0 1,117 2.30 0% FMC Technologies 1+1 Spare Centrifugal (1P) Framo Engineering Oct-07 1-Mar-12 53.0 See OTC paper 20619, page 16 UMBILICAL CROSS SECTIONS TYPICAL PRODUCTION AND PUMPING SYSTEMS Semi Floating
. NS § g Albacora L'Este Field Raw Water Injection Petrobras Brazil 400 | 1,312 | 4t09 | 2560 | 1,125 170 850 | 1233 | 12 0% FMC Technologies 3+1 Spare Centrifugal (1P) Framo Engineering a1, 2012 Awaiting installation, Framo ex-works Sept 09 TOPSIDES SUPPORT EQUIPMENT ON HOST Production Facility
M «7’ 20I1h Sea E® Tyrihans SS Raw Sea WI System Statoil 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 Q2, 2012 Installed in May 2010 Restart undefined (REPRESENTATIVE ILLUSTRATION ONLY) Subsea Pump Subsea Production
Columba E. (WI) Courtesy of INTECSEA : i System Power
I Brenda & Nicol (Boosting) g Troll C Pilot (15) (21) SUBSIS (SS Sep. and W 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-12 125.9 B:;r‘lj(:;lfll?(:d and Control Equipment Hydraulic
[ Lyell (Boosting) = - - ) ) i} i i ! I ) Subsea Pump Power Unit Power Unit
I Machar/ETAP (Boosting) | 8 Marimba Field (18) VASPS (10) 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 [ A Restart undefined Power an d Control s , Chemical
= - - = Tordis (I (12), Separation, Boosting, Wl 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 0ct-07 1-Mar-12 52.4 See OTC paper 20619, page 16 ]I Equipment ) i Injection
7 GOM = Parque Das Conchas (BC 10) Phase 1 (23) [RUM Sep. Caisson/Arificial Lift Manifold Shell Campos Basin 2,150 | 7,054 | 250 | 156 185 28 1520 | 2205 | 1.10 15% FMC Technologies 4+2 Future ESP Baker Hughes Centrilift |  Aug-09 1-Mar12 | 305 s"bz‘:b;?‘gf'"g
<t
[l Perdido (Separation, Boosting) ! 2 g Perdido (I Caisson Separation and Boosting Shell US GOM 2,438 | 7,999 0.0 0.0 132-264 20-0 158.8 2,303 1.20 15% FMC Technologies 5 ESP Baker Hughes Centrilift Mar-10 1-Mar-12 23.0
[ ! ) ? z =] Subsea Production Umbilical
= Navajo (Boosting) #l Western Australia = Pazflor (5) W 3 Gas/Liq. Vert. Separation Sys. Total Angola, Blk 17 800 | 2625 | 40 | 25 | 1800 272 | 900 | 1305 | 230 | <16% FMC Technologies 6+2 Spare HybridH-A | FramoEng/FMCTech. | Aug-t1 | 1-Mari2 | 62 . S g™ (Chemicals/Controls for
King (Boosting) Mutineer/Exeter (Boostin = o =~ T ' . ;
B R - I Pazfior Sep, Bagsting) =Vincent (Boosﬁné) 9 5 Marlim ([] In-Line Separation Petrobras Campos Basin 878 | 2881 | 38 | 24 135 2 25 | 3553 | 19 0 FMC Technologies 1 Centrifugal (1P) | Framo Eng./FMCTech. |  Q1,2012 Installation Scheduled for 01, 2012 M"T:::s‘:osr::g;ul’ WO Y 7 S ydraullc Trees & Manifolds)
i Z s 2 2 g r o
B Jack and 5t. Malo (Boosting) E e | Gui [ CLOV (Boosting) V7 4 2 Congro (24) LB VASPS (10) w/Horizontal ESP Petrobras Campos Basin 197 646 | 11.0 7.0 135 20 21 305 0.4 <10% FMC Technologies 1 ESP Baker Hughes Centrilift 04,2012 Fig. 1: Pazflor Umbilical Fig. 2: Shell BC-10 Umbilical Fig. 3: Statoil Troll Umbilical =1 = Assembly
] quatorial Guinea L HV Junction Box = Tﬁlunction e
m . .. 1. . . Y —
=Topaci o (Boosting) @ Parque Das Conchas (BC 10) Phase 2 (23) M FMC Technologies 4 Centrifugal (1P) | Baker Hughes Centrilift Fig. 1 & 2 Courtesy of Oceaneering Courtesy of Parker Energy Products Division ¥ Junction Box .y Box Subsea Production Umbilical
i Ceiba FFD (Boosting) «» Corvina (24) |8 VASPS (10) w/Horizontal ESP Petrobras Campos Basin 280 919 8.0 5.0 135 20 21 305 0.4 <10% FMC Technologies 1 ESP Baker Hughes Centrilift Q4,2012 Fib . . _ hyadraulic
: er Optic Junction Box Termination Process
e et Ceiba 3 & 4 (Boostin
o - . ( CURRENT STATUS CATEGORIES NOTES: 7. King utilizes an umbilical which combines HV cables with the service umbilical. 14. BCSS - Centrifugal Subsea Submersible Pumps. Pumps are placed in protective holes operating on a live well. Testing occurred in 1994 and 1995 for a total of 7,850 hours Ac POWEI’ sysmms and SUbsea Transformers Subsea Pumping Umbilical Assembly Fiber Optic Jumpers
Gampos Basin / T Conceptual Project 1. See information accuracy statement below title block and note that the qualification 8. Jubarte Field (Phase 2) - Installed in 2011; Wells connected to the FPSO P-57. in the seabed, 200m from the producing wells. MOBO — Modulo de Bombas (Pumping of operation at base of platform on seafloor. Rules of Thumb (AC Systems Only) ping ’ Junction
; Y . . . status categorizations shown in this table, and throughout the poster, are based on All wells to have gas-lift as a backup. Module). 21. Troll C Pilot - Separation began on Aug. 25, 2001. See OTC paper 20619, page 10 for : ; . Box
Il B¢ 10 A (Sgp., Boostlrl 9) L ~ n Quallfledﬂeshlng ) ' unverified claims from ppliers and field op These qualification 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 further details on operating experience. Note that injection pump data is only shown ~ &———— — HISTORICAL FUTURE —> * The need for a subsea transformer depends on the pow:r requirement, voltage, and distance from_ !IOSt' SUTA
| Ma”f“ba (Sep.arat'o"' Boosting) | W Conceptual Project U Awarded and in Manufacturing or Delivered status designations are not necessarily derived using technology readiness level (TRL) 10. VASPS - Vertical Annular Separation and Pumping System subsea water injection pump system. in the subsea water injection section of the table. * Target of less than 10 W/m power loss and less than 15% voltage drop over the length of the umbilical. Flving Leads
M Marlim (Boosting) ¥ s [ Qualified/Testin ()8 Installed & Currently Operating assessments per API RP 17Q or DNV-RP-A203. 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 22. GLOV - Total reports that the CLOV development will utilize seabed multiphase pumps PRESENT  An increase in operating voltage reduces power losses in the cable over a given length. ving
. Marlim (Separation) ] 3 _ N 9 . ; _ (1M Installed & Not Currently Operating or In-Active 2. The terms 'pumping' and ' ing' are used i y g this poster 12. Tordis Field: 1+1 Spare Multiphase Boosting Pumps, and 1+1 Spare Water Injection feeding Framo MPP on seafloor. to boost Cravo, Lirio, Orquidea and Violeta Miocene from First Oil + 2 years. Tree Jumpers
|| [ Albacora L’Este (WI) ESpII’ItO Santo Basin [ Awarded and in Manufacturing or Delivered B ' | Abandoned. Removed and in the industry. Pumps; Tieback to Gulifaks C platform. Statoil hopes to increase oil recovery from 17. Navajo Field is a SS tieback to Anadarko’s Nansen spar. 23. Parque Das Conchas (BC 10) Phases 1 & 2 — Composed of 3 reservoirs: Ostra,
g i i 29 M Installed & Currently Operating 7 ’ 3. Pump power listed is the power required to run a single pump. 49% to 55%, an additional 36 MMBO, due to the world’s first commercial subsea 18. Marimba VASPS - 2000 - First installation in Marimba (JIP Petrobras / Eni-Agip/ Abalone and Argonauta B-West. Argonauta 0-North to be added in Phase 2.
= Barracuda (Boosting) ‘ X = juga:e :;:ase f (goos:!ng) | H Installed & Not Currently Operating or In-Active | TIMELINE CATEGORIES 4. Differential Pressure values are for individual pumps. separation, boosting, injection and solids disposal system. ExxonMobil, 2001 - Startup and Operation (July to Dec.) until ESP failure, 2002 End of 24, Gongro and Corvina are two fields developed as one project. GRAPH 5 — SUBSEA TRANSFORMER REQUIREMENT AS A FUNCTION OF TIEBACK DISTANCE
BC-10 Phase 2 (Sep., BOOSth_) | ubarte - Fhase (.003 ing) = Abandoned. R 4 Operating 5. GVF = Gas Volume Fraction at inlet of pump. 13. According to BP in Feb., 2010: “Two King pump units are installed in the field but JIP, By-pass production, 2003 - Workover Plan (IWP), 2004 - Workover and Re-start on
[ congro & Corvina (Sep., Boosting) M Jubarte EWT (Boosting) [ Abandoned, Remove Installed & Not Operating or In-Active 6. Cascade & Chinook — Utilizes a horizontal ESPs on a skid above mudline. It is an remain shut-in due to operational issues, or capacity constraints at the Marlin TLP May 8, 2004. From 2005 until 2008 VASPS operated well until well failure. 150 mm? Conductor, Pump Motor Voltage = 6600 Vac
i [ Espadarte (Boostin E M Golfinho (Boosting) inTcC SE. . . ) alternative ESP boosting configuration to caisson in the seabed. This technology is related to additional production from the Dorado field and King South well. One King 19. Lufeng - Closed down due to field economics, after 11 years of operation. iNTECSEA
g d Rt L Future - Anticipated Operational Period designed to cover the low GVF and high DeltaP multiphase fi i tly being repaired and upgraded 20. Prezioso - World's first deployment of an electrically driven twi MPP coumesy of JRLELE
~ - : _— _— = g lesigned to cover the low and high DeltaP multiphase tiow. pump Is currently being repaired and upgradae . . Prezioso — World's firsf eployment of an electrically driven twin screw orleyParsons Group
2500
CHART 1 — SUBSEA SUPPLIER MATRIX (As of Feb., 2012) SUBSEA PUMPING, WATER INJECTION, AND SEPARATION SYSTEMS SUBSEA BOOSTING PUMP TYPES GRAPH 2 - GVF vs. DIFFERENTIAL PRESSURE: OPERATIONAL AND CONCEPTUAL CAPABILITIES J| GRAPH 3 — HIGH LEVEL COMPARISON OF SUBSEA BOOSTING OPTIONS g
. . . > 2200 SUTA Integrating HV Wet Mate
TABLE 6 — PUMP TYPES & APPLICATIONS 300 Pump Types GVF Range (Approximate) Pressure Differential (Bar) £ Power Connector and MQC Stab
4,400 Centrifugal TSP — Twin Screw Pump S Pl i
o ates for Booster Utilities
SuBSEA SUBSER R sepoEh ENABLING SYSTEMS TYPE NORMAL CONFIG. | APPLICATION 250 WGG - Wet Gas Compression CENTRIFUGAL g 20
PUMPING & EQUIPMENT 3,625 " DGC - Dry Gas Compression =
INJECTION SYSTEMS CENTRIFUGAL HORIZONTAL @ Highest differential pressure capability among pump types. E ng.h Boos.t i P HYBRID (CENTRIFUGAL/ ©
0 | OR VERTICAL ® Handles low Gas Volume Fraction (GVF) < 15% at suction conditions. 2 200 Helico-Axial HELICO-AXIAL) =4 et Producti HV flying leads (x3) terminated in sub
= 2900 T roduction ying leads (x3) terminated in subsea
RUME PUMP EFECIHIL P P HY & ‘ CONTROL ‘ ‘ suggglsﬁus ‘ HYBRID o Combination of helico-axial and centrifugal impeller stages - MULTIPHASE ESP 2 10 Flowline step-down transformer (Primary is HV/
SYSTEM MOTOR AKER SOLUTION AKER SOLUTION (CENTRIFUGAL VERTICAL @ Primary application is for use of sep or in low GOR = Secondary is MV), EFL (x1), and HFL (x1);
PACKAGERS MANUFACTURERS MANUFACTURERS akersolutions.com akersolutions.com AC/DC POWER SISIENS SYSTEMS & HELICO-AXIAL) applications where GVF is consistently < 30% at suction conditions. % 2175 HELICO-AXIAL & singy]Ie Iin‘(?,showsl fgr clarity oD
Widel | technol f ting i Il i = . . . .
PR SOLUTORS UG (L LN CAHERONIPHOCESS I : : I A HSOLTIONS e 0 oS ESP HORIZONTAL * fuégﬁiﬁedﬁgeorfin?mmgﬁ Il:ssitzjor?tra?%%i;?i?léna‘;!vl(:licséﬁz:ss.ons‘ a 1,14?52 TWIN SCREW 175 (Note 3) 1250 Subsea boosting station on a suction pile.
com com dii2 Fnrmani‘:g:en:somamo UMBILICALS x-;’;:lsvéns CONN:XTORS PENETRATORS com com OR VERTICAL ® Applicable for GVF < 50%. 50 5P LI LU L L [TTTT T T TrITTrTT i I R B ey e e e e B B B e e IR e e | Subsea Trees Pump 8;s.t8pﬂ?wn transforTer
G-a-m.com ® Applicable for higher GVF boosting applications, with typical range 725 Standard | 0% 20% 40% 60% 80% 100% 0 100 200 300 400 are retrievable components.
-[ CAMERON ] -[ BORNEMANN ] -[ CURTISS WRIGHT ] -[ FOBCE CHNOL OulES) ] { DAKER HUGHES } { AN } HELICO-AXIAL VERTICAL from 30% to 95% at suction conditions ' Helico-Axial | M G Notes: L g 4 5 12 L 9 pe & & g8 g e =L PLET ILLUSTRATION ACRONYMS:
coa-mom com com com p— pe— — — p—— com alpha-thames.co.uk o Undente partoutate tloranos 0 bar : : : = 1. Combination o parameter values shown above is ot feasile miles 248 373 497 621 745 87 994 1118 1243 1367 1491 161 174 1864 :
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proven products and experience, combined with strategic partnering for technical innovation.
Cameron’s MARS™ (Multiple Application Reinjection System) technology is a key enabler for

and RGCOVEW ' It - | g - Change and innovation are the starting points Design Ratings

Operating Parameters

b i isting brownfield field devel : i itted for everything we do and think. s
o i 3o P ormance g bansing. s et et cubata, e peatns)fo a0 m (10.000:00. « Pressure boost exceeding 2200 psi (150 bar)
. A com We are ready for the challenge. We are ready * Suction pressures to 5000 psi (345 bar) « Displacement flow rates to
The Future of Subsea Processing to provide solutions. Socotherm * Discharge pressures to 10 000 psi (690 bar) 90 000 bpd (447 m¥/h) @ 1800 rpm

e Nominal 3.5 MW (4693 hp) motor rating
Voltage 6.6 kV
Frequencies from 10 to 66 Hz (+10% over-speed)

Systems Separation Boosting Enabling * Nominal speed of 1800 rpm (+10% over-speed)
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We are in the future, now.

RAISING PERFORMANCE. TOGETHER™ @ CAMERON A Schlumberger Company - Socotherm, coatings for oil and gas pipelines. www.socotherm.com For more information visit www.flowserve.com




