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CHART 1 – SUBSEA SUPPLIER MATRIX (As of Feb., 2018)
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Fig. 5: GE MECON WM 36/500 Wet-mate connectors

Courtesy of BHGE, a GE company

Fig. 8: Siemens DigiTRON+ 
and DigiTRON3 - 1kV and 
3kV wet mate controls 
connectors

Courtesy of Siemens

Fig. 2: Siemens ElecTRON 
- Subsea Instrumentation 
Feedthrough Connector 
System

Courtesy of Siemens

Fig.4: Teledyne ODI 3-way 10kV, 
250A wet-mate EFL powers subsea 
boosting and processing

Courtesy of Teledyne

Fig. 1: GE MECON DM 145/700  
Dry-Mate connectors

Courtesy of BHGE, a GE company

Fig. 3: Teledyne interconnect system: 
umbilical terminations, HV wetmate flying 
leads, and tubing hanger connections to 
power ESP’s

Courtesy of Teledyne
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POSTER COLOR CODE KEY
The poster is divided into distinct sections 
and each section is marked by a background 
color. The color denotes the type of technology 
presented in the section. This color code is 
carried throughout the poster. Below are the color 
code designations for each of the seven themes.

Full Wellstream Subsea Boosting

Subsea Separation

Subsea Gas Compression

Water Injection with Subsea Pumps

Subsea Active Heating

Power Transmission/Distribution and Controls 

Miscellaneous Information/Combination of Technologies

AC Alternating Current
ASD Adjustable Speed Drive
BCSS Centrifugal Subsea Submersible Pumps
BPD Barrels per Day
BOPD Barrels of Oil per Day
BWPD Barrels of Water per Day
CAPEX Capital Expenditure
DC Direct Current
DEH Direct Electrical Heating
DGC Dry Gas Compression
EFL Electrical Flying Lead
EHTF Electrical Heat Traced Flowline
ESP Electrical Submersible Pump
ETH Electrical Trace Heating
FFD Full Field Development
FPS Floating Production System
FPSO Floating, Production, Storage & Offloading
FPU Floating Production Unit
GLR Gas Liquid Ratio
GVF Gas Volume Fraction
HPHT High Pressure/High Temperature
HSP Hydraulic Submersible Pump
HV High Voltage
IPB Integrated Production Bundle
IOR Improved (Increased) Oil Recovery
kW Kilowatt
Km Kilometer
MBLPD Thousand Barrels of Liquid Per Day
MCP Modular Compact Pump
MPP Multiphase Pump
MW Mega Watts
OPEX Operational Expenditures
O/W Oil and Water
PCM Power Control Module
PDG Pseudo Dry Gas
PIP Pipe-in-Pipe
PWRI Produced Water Reinjection
RWI Raw Water Injection
SIT System Integration Test
SMUBS Shell Multiphase Underwater Boost Station
SPP Single Phase Pump
SRSWI Subsea Raw Seawater Injection
SS Subsea
SSP Subsea Processing
SSPU Subsea Separation and Pumping Unit
SUBSIS Subsea Separation and Injection System
TLP Tension Leg Platform
TSP Twin Screw Pump
TRL Technology Readiness Level
VASPS  Vertical Annular Separation and Pumping 

System
VSD Variable Speed Drive
WD Water Depth
WGC Wet Gas Compression
WI Water Injection
XFMR Transformer
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TABLE 3 – ACRONYMS & 
ABBREVIATIONS

Information Accuracy: We have attempted to use 
correct and current, as of press time, information 
for the subsea processing systems and equipment 
described herein. No installed, sanctioned, or pending 
application was intentionally excluded. We have 
summarized the capability and operating experience by 
acting as a neutral party and integrator of information. 
Information has been collected from public sources, 
company brochures, personal interviews, phone 
interviews, press releases, industry magazines, 
vendor-supplied information, and web sites. No 
guarantee is made that information is accurate or all-
inclusive. Neither INTECSEA nor Offshore Magazine 
guarantees or assumes any 
responsibility or liability for any 
party’s use of the information 
presented. If any information is 
found to be incorrect, not current, 
or has been omitted, please send 
comments to ssp@intecsea.com.
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GRAPH 1 – GVF vs. DIFFERENTIAL PRESSURE - OPERATIONAL AND CONCEPTUAL CAPABILITIES
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GRAPH 2 – DIFFERENTIAL PRESSURE vs. THROUGHPUT - SUBSEA PUMP CAPABILITIES
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TABLE 2 – PUMP TYPES & APPLICATIONS
TYPE NORM. CONFIG. APPLICABILITY FOR SUBSEA BOOSTING

CENTRIFUGAL  
(SINGLE PHASE)

HORIZONTAL  
OR VERTICAL

H  Highest differential pressure capability among pump types
H  Handles low Gas Volume Fraction (GVF) < 15% at suction 

conditions

HYBRID VERTICAL

H  Combination of helico-axial and centrifugal impeller stages
H  Primarily used downstream of separator or in low GOR 

applications where GVF is consistently < 30% at suction 
conditions

MUDLINE ESP HORIZONTAL  
OR VERTICAL

H  Widely deployed technology used for boosting individual 
wells, caissons, flowline risers, and mudline horizontal 
boosting applications

H  Tested for conditions up to 70% GVF

HELICO-AXIAL 
(MULTIPHASE) VERTICAL

H  Applicable for higher GVF boosting applications; Capable of 
operating at 0-95% GVF at suction conditions

H  Most common subsea multiphase pump type
H  Moderate particulate tolerance

TWIN SCREW 
(MULTIPHASE)

HORIZONTAL  
OR VERTICAL

H  Good for handling high GVF - up to 98% GVF at suction 
conditions

H  Preferred technology for high viscosity fluids. Less efficient 
at lower viscosities.

SUBSEA BOOSTING PUMP TYPES

SUBSEA BOOSTING PROJECT TRENDS ADVANCES IN SUBSEA BOOSTING TECHNOLOGY: REDUCING COST AND RISK WHILE INCREASING OPERATIONAL CAPABILITY

SS BOOSTING POWER SYSTEM STEP-OUT 
CAPABILITIES

VERTICAL ESP PUMPS  
(For GVF < 70%) HORIZONTAL/MUDLINE ESP SYSTEM EXAMPLES

Fig. 1: Diagram of Vertically  
Configured Gas Handling ESP  
in a Seabed Caisson

Courtesy of Schlumberger

ESPs can be installed in a caisson 
to gather and boost flow from 
multiple wells.

Courtesy of TechnipFMC

Fig. 2: Horizontal ESP Boosting Station

Courtesy of Aker Solutions

Fig. 3: POWERJump Boosting System

SUBSEA SEPARATION SYSTEM TYPES:

1. GRAVITY SEPARATION SYSTEMS

HORIZONTAL SEPARATOR - This type is more efficient for oil/water separation. An 
example is the orange colored horizontal separator for the Tordis Project shown in Fig. 
1A above.

VERTICAL SEPARATOR – This type is more efficient for gas/liquid separation. The liquid 
keeps a fluid blanket on the pump and reduces potential pump cavitation. An example is 
the Pazflor vertical separator shown in Fig. 2. 

Fig. 1A: TechnipFMC Conceptual Subsea Separation System for the Tordis Project

Courtesy of TechnipFMC

Fig. 2: TechnipFMC Conceptual SS Gas/Liquid 
Separation & Boosting System for Pazflor

Courtesy of TechnipFMC

Fig. 5: Aker Solutions subsea oil/water  
separation and injection, featuring 1st and 
2nd stage separation, oil boosting and water 
injection pumps

Courtesy of Aker Solutions

Fig. 7: Saipem SpoolSep (Laboratory Tested 3-phase 
Separation and Produced Water Reinjection System)

Courtesy of Saipem

Fig. 8: NOV Produced Water Separator – meeting 
strict reservoir injection or discharge requirements 
by gravity based produced water cleaning

Courtesy of NOV

Fig. 4: Saipem Multipipe 
(Prototype Tested 2-phase 
Gas/liquid Separation and 
Boosting System)

Courtesy of Saipem 

Courtesy of TechnipFMC

Fig. 1B: 
Tordis 
Separator

2. CAISSON SEPARATION 
SYSTEMS INSTALLED 
< 100m INTO SEABED

Fig. 9: Centrifugal Subsea Submersible 
Pump (BCSS)

Courtesy of Aker Solutions

3. COMPACT/DYNAMIC SEPARATION SYSTEMS
Fig. 12: OneSubsea Conceptual
Two-Phase Separation System

Fig. 13: OneSubsea Conceptual
Three-Phase Separation System

Courtesy of OneSubsea Courtesy of OneSubsea

Fig. 14: FMC Technologies 3-Phase Separation 
System with Produced WI Using In-Line  
Separation Technology for the MarlimProject

Courtesy of TechnipFMC

Fig. 15: ExxonMobil’s SS Compact Separation, 
Boosting, and Produced WI System Using 
Multiple Technologies for 3-Phase Separation 
plus Sand

Courtesy of ExxonMobil

Fig. 11: TechnipFMC 
Vertical Access Caisson 
with ESP Boosting  
(Gas/ Liquid Separation &  
Boosting System)

Courtesy of TechnipFMC

Fig. 10: Caisson Separation/
ESP Boosting System

Courtesy of BHGE, a GE company

Fig. 3: GE Subsea Separation and 
Produced Water Reinjection System 
for Troll C 

Courtesy of BHGE, a GE company

Fig. 6: Aker Solutions’ Hi-Sep, a robust and flex-
ible solution for CO2 separation and re-injection

Courtesy of Aker Solutions

SUBSEA SEAWATER TREATMENT AND INJECTION

Fig. 1: Aker Solutions’ 
LiquidBooster™ Subsea Raw 
Seawater Injection (SRSWI) 
System for Statoil Tyrihans

Courtesy of Aker Solutions

Fig.3: Subsea water injection 
integrated solution - Aker  
Solutions LiquidBooster 
and NOV

NOV and Aker Solutions

Fig. 4 & 5: Saipem-Veolia-Total Subsea 
Sulphate Removal Prototype - deep water 
tested at Alima FPU in Congo; whole system 
industrialization is ongoing; unit capable of 
treating and injecting up to 80 kbwpd

Courtesy of Saipem

Courtesy of Aker Solutions

Fig. 2: Conceptual Illustration 
of Installation of Tyrihans 
SRSWI System

Courtesy of OneSubsea

Fig. 8: OneSubsea Raw 
Seawater Injection System 
being installed 
for Columbia E Field

Courtesy of BHGE, a GE company

Fig. 7: BHGE conceptual Subsea 
Sulphate Removal and Injection 
System, built on a combination of 
ultra-and nano-filtration technologies, 
scalable to any capacity

Courtesy of OneSubsea

Fig.9: OneSubsea’s Testing of the 
Albacore Raw Seawater Injection 
System during SIT of Pump and 
Filtration System

Fig. 7: Siemens SpecTRON 10 - 
10kV wet mate connectors for 
subsea pumping systems

Courtesy of Siemens

Fig. 9: Siemens DigiTRONf - High 
optical performance wet mate 
connector

Courtesy of Siemens

Fig. 6: Siemens SpecTRON 45 - 45kV wet mate 
connectors for subsea power distribution

Courtesy of Siemens

SUBSEA POWER DISTRIBUTION EQUIPMENT

Fig. 1: Subsea 60MVA Power Station with transformer, 
switchgear & VSDs for pumps and compressors up to 
12.5MW

Courtesy of Aker Solutions & ABB Alliance for Power & Automation

Fig. 7: Åsgard 19 MVA Subsea Transformer 
Module

Courtesy of Aker Solutions

BOOSTING SYSTEM EXAMPLES (CONCEPTUAL & DELIVERED)

Courtesy of OneSubsea

Fig.1: Installation of the 
OneSubsea Pump Module 
into Pump Station during 
SIT for Exxon Julia

Courtesy of Sulzer/ 
TechnipFMC

Fig. 6: TechnipFMC  
SS Multiphase Pumping 
Module with Sulzer Pump

Courtesy of TechnipFMC

Fig. 16: TechnipFMC Centrifugal 
Pump Station with Multiphase 
Pump (Exposed)

Courtesy of OneSubsea

Fig. 2: OneSubsea’s Pump  
Station with Pump Unit and 
Mixer for CNR’s Lyell project

Courtesy of GE

Fig. 7: GE Boosting Station

Courtesy of OneSubsea

Fig. 11: Jack & St. Malo Pump Stations  
in the Factory Pit for SIT

Courtesy of OneSubsea

Fig. 17: Loadout of the 
OneSubsea Pump Station for 
the Total CLOV Project 

Courtesy of OneSubsea

Fig. 3: OneSubsea’s Helico-
Axial Pump Module for the 
Total GirRi project

Courtesy of OneSubsea

Fig. 12: OneSubsea’s SIT Testing of 
Total MoHo Subsea Boosting System

Courtesy of OneSubsea

Fig. 18: OneSubsea – Loadout of 1 of 6, 
2.3MW Hybrid Pumps for Pazflor

Courtesy of BHGE, a GE company

Fig. 19: Seafloor Boosting System Using 
ESPs in Caissons

Courtesy of OneSubsea

Fig. 20: OneSubsea – Loadout of 
the Shell Draugen Pump Station

Courtesy of BHGE, a GE company

Fig. 21: BHGE Modular  
Compact Pump (MCP)

Courtesy of OneSubsea

Fig. 8: OneSubsea’s Pump Modules for 
Total GirRi and Shell Draugen prior to SIT

Courtesy of TechnipFMC

Fig. 9: TechnipFMC MPP 
for BC-10

Courtesy of Aker Solutions

Fig. 13: Aker Solutions  
MultiBooster™ System -  
Dual Pump Station

Courtesy of OneSubsea

Fig. 4: OneSubsea’s Cen-
trifugal Pump Module with 
handling tool during SIT for 
the Exxon Julia project

Courtesy of OneSubsea

Fig. 5: 1 of 3 Jack & St. Malo Pump 
Stations in the Factory Test Pit 
for SIT Immediately Prior to Water Fill

Fig. 2: Siemens Conceptual Subsea Power Grid*

Courtesy of Siemens

Fig. 3
Fig. 5

Fig. 4

Fig. 8: Åsgard 100 KVA Subsea 
Control Power Distribution Module

Courtesy of Aker Solutions

Fig. 9: ABB Conceptual Subsea Power Grid

Courtesy of ABB

Fig. 10: ABB Subsea Transformer

Courtesy of ABB

Fig.11: ABB Conceptual Subsea 
Switchgear

Courtesy of ABB

Fig.12: ABB Conceptual Subsea 
Variable Speed Drive

Courtesy of ABB

Fig.13: Ormen Lange Pilot 
Subsea Pump VSD

Courtesy of Aker Solutions

The Siemens Subsea Power Grid is shown in Fig. 2, with the main building blocks in Figs. 3, 4, & 5, along with wet-mate 36kV 
connectors and control system.

Courtesy of Siemens

Fig. 5: Siemens Conceptual SS  
Switchgear*

Fig. 6: GE 24kV Switchgear Prototype 
Tested in Shallow Water

Courtesy of GE

Fig. 3: Siemens SS Transformer
Prototype at Shallow Water Test*

Courtesy of Siemens Courtesy of Siemens

Fig. 4: Siemens Conceptual
SS Variable Speed Drive*

SUBSEA GAS COMPRESSION SYSTEMS

Fig. 1: Ormen Lange Compression Station Test

Courtesy of Aker Solutions

Fig. 7: OneSubsea Multiphase Compressor 
Units for GullfaksField

Courtesy of OneSubsea

Fig. 2: TechnipFMC Conceptual 2-Train Dry Gas 
Compression Station with Replaceable Modules

Courtesy of TechnipFMC

Fig. 5: Åsgard Subsea Compression Module

Courtesy of Aker Solutions

Fig. 8: Subsea HOFIM™ Compressor by MAN 
Diesel & Turbo for Åsgard

Courtesy of MAN Diesel & Turbo

Fig.9: Installation of the OneSubsea  
Multiphase Compressor Station for Gulfaks

Courtesy of OneSubsea

Fig. 10: BHGE Conceptual 
Wet Gas Compression 
System (12.5 MW )

Courtesy of BHGE, a GE company

Fig. 11: BlueC  
Compressor

Courtesy of GE

Fig. 6: Åsgard Compressor 
module before starting 
installation

Courtesy of Statoil

Fig. 12: Pseudo Dry Gas (PDG) in-line 
unit (non-compression) reduces 
back pressure approx. 60-120 bar; 
requires 1MW for 1 BScfdsystem

Courtesy of INTECSEA

Courtesy of Aker Solutions

Fig. 3: SS Compression Station 2.0 concept 
compared to Åsgard SS Compression

Courtesy of NOV

Fig. 4: NOV Passive Cooler – Field proven  
technology lowering production temperature 
(complimentary to compression)

TYPE 5: Hot Water 
Heated

TYPE 3: Flexibles with active heating

TYPE 4: Diverted production flow for heating

Fig. 9: TechnipFMC Integrated Production Bundle  
(IPB) - Electrically Heat Traced Flexible

Fig. 9: TechnipFMC Integrated Production Bundle (IPB) - Electrically Heat Traced Flexible

Courtesy of TechnipFMC

Core of the IPB

Electrical heat 
trace cables

Gas lift tubes

Thermal insulation

TYPE 2: Electrical Trace Heating (ETH) - Pipe-in-Pipe

Fig. 6: SWIT™ Technology, a disruptive 
technology for providing tailor-made water with 
superior quality at the seabed for improved and 
enhanced oil recovery. Thorough disinfection by 
the Seabox™ is a key differentiator for long term 
reliable sulphateand/or salt removal and is easily 
scalable to required capacity.

Courtesy of NOV

Microfiltration

Membrane feed pump

Seabox™

RO Membranes HYBRID PUMPS  
(For GVF < 30%)

SINGLE PHASE PUMPS (CENTRIFUGAL)
(For GVF < 15%)

MULTIPHASE PUMPS 
(HELICO-AXIAL/ROTODYNAMIC) (For GVF < 95%)

TWIN SCREW PUMPS  
(For GVF < 98%)

Fig. 9: Vertically Configured 
Semi-Axial Pump  
Pump & Motor Diagram

Courtesy of Aker Solutions

Fig. 7: Vertically Configured 
Hybrid Pump & Motor 
Diagram

Courtesy of Aker Solutions

Fig. 5: Vertically Configured 
Centrifugal Single Phase 
Pump & Motor Diagram

Courtesy of Aker Solutions

Fig. 8: Vertically Configured
Helico-Axial Pump & Motor 
Diagram

Courtesy of OneSubsea

Fig. 6: Vertically Configured 
Hybrid Pump & Motor 
Diagram

Courtesy of OneSubsea

Fig. 4: Vertically Configured 
Centrifugal Single Phase 
Pump & Motor Diagram

Courtesy of OneSubsea

Fig. 10: Twin Screw Pump Cross  
Section Diagram

Courtesy of Leistritz

Fig. 11: BHGE Modular Compact Pump 
Cross Section –24 stages (6MW)

Courtesy of BHGE, a GE company

NOTES: 
 1.  Aker Solutions and MAN Diesel & Turbo have 

formed an alliance for the next generation of 
subsea compression systems.

 2.  GE and Baker Hughes have entered into 
an agreement to combine GE’s oil and gas 
business and Baker Hughes, now known as 
Baker-Hughes, a GE company.

 3.  Subsea seawater injection refers to only those 
projects utilizing a subsea pump to inject 
seawater and does not include typical water 
injection using a pump on a topside facility.

 4.  Liestritz have partnered with Rosetti Marino for 
potential twin screw marinization.

 5. Deutsch is part of TE Connectivity.
 6.  TechnipFMC and Sulzer have formed a long-

term and exclusive collaboration agreement.
 7. PROLAB is a Sulzer company.
 8. OneSubsea is a Schlumberger company.
 9. Benestad is an Aker Solutions company.
10. Diamould is a OneSubsea company.
11. ASCOM re-branded as Sulzer Chemtech.
12.  FSubsea (Fuglesangs Subsea AS) and the 

German pump company RuhRPumpen collaborate 
to develop advanced subsea centrifugal pump 
solutions as Fuglesangs Subsea.

13.  Includes system integrators and specialty 
hardware suppliers.

14.  Technip and FMC have merged to become 
TechnipFMC.

15.  Subsea Integration Alliance (SIA) is a worldwide 
non-incorporated partnership between 
OneSubsea, Schlumberger, and Subsea 7.

16. Loher is a Siemens company.
17.  Aker Solutions and ABB have formed an 

Alliance for Power and Automation.
18.  FSubsea won the 2017 OTC Spotlight on 

New Technology Award for their OMNIRISE 
MINIBOOSTER subsea processing pump.

GRAPH 4: TIEBACK DISTANCE vs. TIME FOR SS BOOSTING SYSTEMS
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GRAPH 5: SUBSEA BOOSTING – TOTAL THROUGHPUT vs. DIFFERENTIAL PRESSURE
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GRAPH 6: SUBSEA SHAFT POWER vs. TIME FOR SS BOOSTING SYSTEMS
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GRAPH 3: TIEBACK DISTANCE vs. WATER DEPTH FOR SS BOOSTING SYSTEMS
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SUBSEA POWER CONNECTORS WET-MATE AND DRY-MATE

Courtesy of Aker Solutions

Fig. 10: Seafloor Boosting 
Using ESP in Caisson

Courtesy of Aker Solutions

Fig. 14: Åsgard Single 
Phase Pump

Courtesy of Aker Solutions

Fig. 22: FSubsea’s  
Omnirise – barrier-
fluid less, integrated VSD 
function (1.5MW, 6600V 
SPP prototype ~2019)

Courtesy of FSubsea

Courtesy of FSubsea

Fig. 15:  
FSubsea’s Omnirise 
miniBooster

TYPE 1A: Direct Electrical Heating (DEH) – Wet insulated rigid pipe with piggyback power cable
ACTIVE HEATING SYSTEM TYPES

Fig. 1: Aker Solutions DEH Cable & Attachment to Flowline

Courtesy of Aker Solutions

DEH riser cable

Feeder cable

Junction box Piggyback cable

Fig. 2: Nexans Conceptual DEH Cable Cross-sections & Attachments

Courtesy of Nexans

DEH riser cable
(for heating one or
two segments)

Armored
feeder cable

Piggyback
cable

Fig. 3: Aker Solutions DEH Riser Cable 
for Two Heated Segments/Flowlines

Courtesy of Aker Solutions

Courtesy of Saipem

DEH Cable

Topside Power 

Supply

CROSS SECTION

Inner pipe

Outer Pipe

Conducting Bulkhead
Mid-Line Assembly (MLA)

Current in inner 

pipe

Current in outer 

pipe

Conducting Bulkhead

Wetmate power 

connectors

Insulation

Fig. 4: TYPE 1B: Pipe-In-Pipe DEH

Courtesy of INTECSEA

Fig. 10: Saipem Local Heating Station – Retrievable
Fig. 11: Subsea 7 Pipeline Bundle 
with multiple flowlines, controls, 
& active heating inside a carrier 
pipe (heating using e.g. inhibited 
potable water, reinjected 
produced water)

Courtesy of Saipem Courtesy of Subsea 7

Fig. 6: Subsea 7/ITP InterPipe Electrically Heat Traced Pipe-in-Pipe

Courtesy of Subsea 7/ITP InterPipe

Inner pipe

Heating Wires

Outer Pipe

Fiber Optic Cable

Specific insulation material with reduced 
pressure in PiP annulus

Protection Sheet

Centralizer

Fig. 5: TechnipFMC Electrically Trace Heated Pipe-in-Pipe (ETH-PiP)

Courtesy of TechnipFMC/Heat Trace Ltd

Figs. 7 & 8: Saipem Electrically Heated Pipe-in-Pipe - for  
J-lay/S-lay installation; employs a sliding configuration

Courtesy of Saipem

Risk ReductionIncreased Operational Tolerance

Pump Designs For Operation 
at High GVF

Subsea Multiphase Pumps are Now 
Designed to Handle GVF Ranges of 0-95% 
(for limited times near 100%), Enabling 
Operation at High GVF or Gas Slugs Without 
Causing Pump Shutdowns.

Pre-Qualified Impellor Ranges
Pump Impellors Prequalified for Various 
Throughput and Pressure Differential 
Combinations Allows for Well-Known and 
Demonstrated Pump Tolerances.

Courtesy of OneSubsea

Recirculation Systems
Homogenization and Liquid Recirculation Enables Greater 
Tolerance to High GVF and Gas Slugs for Subsea Pumps.

Courtesy of INTECSEA

Increased Motor Efficiency and Speed
Options such as Permanent Magnet and High Duty Motor 
Technology Facilitates Full Torque at Low Speeds and Greater 
Efficiency at High Speeds.

Courtesy of TechnipFMC

Innovative Subsea Pump Designs
Advanced Subsea Pump System Designs Allow For Enhanced 
Control and More Effective Pump Stages, which Allows for 
Greater Tolerance to Wellstream Changes.

Courtesy of BHGE, a GE company

Courtesy of Aker Solutions

Water Based Barrier Fluid
• Water Based Barrier Fluid Eliminates the Need for Topsides
•  Dehydration Units and is Applicable to Motors such as 

Permanent Magnet Motors

Eliminate Barrier Fluid
•  Pump Systems are Under Development Which Eliminate  

the Requirement of Barrier Fluid

Standardization of Subsea Pump Hardware
•  As More Projects are Executed, Suppliers can provide 

standardized hardware designs based on past projects. 
•  Standardization of Hardware Like Motors and Impellors 

Streamlines the Design Process. 
•  Simplified engineering and fabrication activities may also 

yield a reduction in risk.

Enhanced Condition Monitoring
Condition Monitoring for Subsea Boosting Systems Can Include a Combination of New 
Hardware (Such as Proximity Probes), Software and Real-time Monitoring by Suppliers, 
Maximizing Uptime through Trending and Predictive Analysis.

Barrier Fluid System Enhancement
Barrier Fluid Systems Have Been Improved to Ensure that the Pressure in the Motor and 
Bearing Cavities Exceeds the Process Suction Pressure Avoiding the Ingress of Process Fluid 
Into the Barrier Fluid.

Standardization of Subsea Pump Hardware
•  In the Past, Complex Operator Requirements have Increased 

Lead Time and CAPEX. 
•  The Industry is Moving Towards Standardized or Supplier 

Based Subsea Pump Specifications (Example: Subsea 
Processing JIP – Standardization of Subsea Pumping).

Courtesy of INTECSEA

Courtesy of BHGE, a GE company Courtesy of FSubsea

Enabling Subsea Pumps – Subsea
•  SS Infrastructure for Future Subsea Pumps is Recommended  

to Prevent Shutdown of Fields During Integration, Tie-Ins,  
and Isolation

Courtesy of INTECSEA NOTE: *The Technology Readiness Level (TRL) of the 
above technologies vary

Enabling Subsea Pumps 
Integrating Subsea Pumps with Brownfield Systems That Were 
Not Enabled for Pumps is One of the Leading Challenges for 
Subsea Boosting Projects.

Larger Quantity of Suppliers
Reputable Subsea Pump Integrators Have Become Subsea 
Pump Suppliers and Have Increased Market Competition.

Alternative Barrier Fluid Solutions
New Pump System Designs are Emerging which Reduce or 
Even Eliminate Barrier Fluid Requirements, Reducing CAPEX.

Single Well Boosting
Subsea Pumps Have Been Developed to Facilitate Single Well 
Boosting With Lower CAPEX.

Courtesy of Aker Solutions

Topsides and Subsea Solutions that Reduce Weight  
and Space Requirements

New Subsea Pump Solutions are Available Which Decrease 
Topsides and Subsea Real-estate and Weight Requirements. 
This Lowers Topsides Cost and Subsea Installation Cost.

Courtesy of BHGE, a GE company

Larger Subsea Pumps
New Pump System Designs Enable Higher Pressure Differential 
and Throughput, Reducing Total Number of Pumps and CAPEX

Courtesy of Aker Solutions

High Voltage Motor
Enable Long Tie-backs Without the Use of Subsea Transformers

Courtesy of Hayward Tyler

Standardization

CAPEX Reduction

Enabling Subsea Pumps – Topsides
Planning for Future Subsea Pumps is Recommended

Courtesy of INTECSEA

Umbilical Tubes

Courtesy of Siemens

Power Generation

Real-estate (footprint) 
and Weight Requirements

Courtesy of TechnipFMC

Courtesy of BHGE, a GE company

For a list of worldwide Active Heating projects: www.offshore-mag.com/maps-posters.html

Fig. 8

Patent(s) pending

High Pressure 
Filter Assemblies

www.swift-jbinternational.com

The Filter of Choice  
for Extreme Environments

High Pressure 
Filter Assemblies

Made in USA

Our new generation Electrically Trace Heated Pipe-in-Pipe (ETH-PiP) technology provides active heating and  

a major upgrade in controlling fluid temperature and avoiding hydrate formation and waxing over long distances. 

Discover more.  TechnipFMC.com

Innovating together

MARCH 13-15, 2018
MOODY GARDENS HOTEL & CONVENTION CENTER 
GALVESTON, TX USA

WWW.SUBSEATIEBACKFORUM.COM

Siemens Subsea  
 
Enabling subsea processing by 
connecting innovation with 
experience 

siemens.com\subsea  

www.offshore-mag.com/learning-center.html

Free and on demand educational videos, posters, articles, and soon additional supplements, 
all for learning more about the offshore oil and gas industry at:

In Collaboration with

M A G A Z I N E

COURTESY OF

COURTESY OF

COURTESY OF

COURTESY OF

COURTESY OF

Delivering field-proven digital tools for subsea process  

design and operations. We enhance production.

woodplc.com

M A G A Z I N E

CURRENT STATUS CATEGORIES

C Conceptual Project

Q Qualified/Testing

M Awarded and in Manufacturing or Delivered

O Installed & Currently Operating

I,N Installed & Not Currently Operating or In-Active

A Abandoned, Removed

CP Canceled Project

P/H Postponed or On Hold

1.  Qualification Status - As stated in the Information Accuracy statement of this poster, the 
qualification status information shown in this table, and throughout the poster, are based 
on unverified claims from equipment suppliers and field operators. These qualification 
status designations are not necessarily derived using technology readiness level (TRL) 
assessments per API RP 17Q, DNV-RP-A203, or ABS Guidance Notes on Qualifying New 
Technologies.

2.  Pumping & Boosting: The terms “Pumping” and “Boosting” are used interchangeably 
throughout this poster and in the industry.

3. Unit Motor Power: Is the unit motor power for either a pump or compressor assembly.
4. Differential Pressure: Differential Pressure values are for individual boosting units.
5. GVF = Gas Volume Fraction at inlet of a boosting assembly.
6.  Cascade & Chinook - Utilizes horizontal ESPs on a skid above mudline. It is an alternative 

ESP boosting configuration to caisson in the seabed. This technology is designed to cover 
the low GVF and high DeltaP multiphase flow.

7.  Asgard is the longest subsea tieback in the world with SS gas compression. It is also the 
SS compression system with the longest track record of successful operation.

8.    King Field MPP are off line. There are no indications that Anadarko will reactivate these 

pumps in the near future.
 9. Nuovo Pignone is now part of GE.
10.  Gullfaks - OTC Paper 27224 by OneSubsea provides an overview of the Technology 

Qualification Program (TQP) completed for Statoil's Gullfaks Subsea Compression (GSC) 
project.

11. Åsgard Project: See OTC Paper #27197 by Anders Storstenvik: Aker Åsgard Project.
12.  START: Month & Year indicates first month and year of operation for the SS processing 

system.
13.  Tordis Field: SS Separation, 1+1 Spare Multiphase Boosting Pumps for production, 

Single phase pumps for produced water from subsea separator transported to Gullfaks 
C for further processing.

14.  BCSS - Centrifugal Subsea Submersible Pumps: Pumps are placed in protective holes in 
the seabed, 200m from producing wells. MOBO - Modulo de Bombas (Pumping Module).

15.  Troll C Pilot: Separation began on Aug. 25, 2001. See OTC paper 20619, page 10 for 
further details on operating experience. Note that injection pump data is only shown in 
the subsea water injection section of the table. Abandoned and not in operation.

16.  Mutineer/Exeter Projects: Manufacturers are: OneSubsea and Centrilift. There are 2 

ESPs per well feeding 1 x OneSubsea MPP per asset on seafloor.
17.  Draugen MPP - This was the world's first Multiphase Subsea Pump which was 

installed in 1993. It ran successfully from 1995 for 12 Months (1,000 hours) and was 
decommissioned and abandoned due to change in water injection strategy.

18.  Statoil - See OTC Paper 27201 by Rune Ramberg & other for Statoil's research leading 
up to the Subsea Factory Compressor Stations. It highlights Statoil's future vision.

19.  CLOV - Two (2) MPPs are on the sea floor since Dec. 2015. The seabed MP boosting 
pumps will boost flow from 4 fields which are: Cravo, Lirio, Orquidea and Violeta.

20.  Parque Das Conchas (BC 10) Phase 1 - Composed of 3 reservoirs: Ostra, Abalone and 
Argonauta B-West. Argonauta O-North to be added in Phase 2. Awarded to FMC but 
installed by Subsea 7. 

21.  Marimba VASPS - 2000 - First installation in Marimba (JIP Petrobras / Eni-Agip/ 
ExxonMobil, 2001 - Startup and Operation (July to Dec.) until ESP failure, 2002 End of JIP, 
By-pass production, 2003 - Workover Plan (IWP), 2004 - Workover and Re-start on May 8, 
2004. From 2005 until 2008 VASPS operated well until well failure.

22.   Jubarte Field (Phase 2) - Phased installations from 2010 through 2015. Wells were 
connected to the FPSO P-57. All wells will have gas-lift as a backup.

23.  SUBSIS - The world's longest operating subsea separation system and first subsea water 
injection pump system. Abandoned and not in operation.

24.  Rosa/Girassol development project includes the Rosa field with 4 SS boosting pumps. 
1st set operational in Sept., 2015 & 2nd set operational in April, 2016.

25.  Gullfaks South Brent - was shut down in Nov. 2015. The root cause has been identified 
as “AC corrosion in the umbilicals that led to the leakage, ruling out any fault with the 
compressors” according to a Statoil spokesman. Gas compressors where scheduled to 
be reinstalled in Aug., 2017.

26.  Congro & Corrina SS Boosting Project - This project has been canceled. Petrobras has 
determined commercially Congro and Corvina are not feasible.

27.  Repsol Sinopec - full Operator name is REPSOL SINOPEC RESOURCES UK LIMITED. 
Repsol acquired the field through the Talisman acquisition.

28.  Ormen Lange Gas Compression 2 - Currently Norske Shell is working to simplify the 
design, remove unnecessary redundancy, reduce module size and reduce weights by 
more than 50%.

29.  Peridido - Cassion for separation is 350 feet long drilled into the seabed. Read OTC 
Paper 21716

30.  Barracuda - Is the first installation of high boost MPP. Ref. 2013 OTC Paper 24217 for 
additional information about the MPP.

31. Albacora Field - Ref. 2013 OTC Paper 24167
32.  Highlander Field - SS Tieback to the Tartan Field which has a SS separator/slug catcher 

installed for the tie-in to the Tartan Platform.  See papers:  1994 OTC #7438-MS, 1987 
SPE #13970-PA, 1987 SPE # 16532-MS

33.  Petrobras changed ESP supplier from Baker Hughes to Schlumberger (REDA) January 
2015. 1 of each still has a Baker Hughes ESP as of February 2015. 

34.  Dalmatian will be the longest subsea tieback in the GOM with SS boosting (35 KMs / 22 
Miles). Murphy E & P has awarded the Subsea Integration Alliance (SIA) (OneSubsea + 
Subsea 7) an EPCIC contract for the subsea multi-phase boosting system.

35.  Peon Development - In March, 2014 Statoil and partners placed the project on hold until 
they see how SS gas compression is performing on other projects.

36.  Shtokman Field - In 2014 Gazprom decided not to go ahead with the development of 
the Shtokman field.

37. System Flow Rates - Gas flow rates not reported for Boosting or Separation.

NOTES:

 TABLE 1 –2018 WORLDWIDE SURVEY OF SUBSEA GAS COMPRESSION, BOOSTING, WATER INJECTION, AND SEPARATION (AS OF FEBRUARY 2018) (1)(2)
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1 DEMO 2000 Q Statoil K-Lab Test Statoil Offshore Norway   3.60 n/a OneSubsea Counter Axial OneSubsea 2001
2 Ormen Lange Gas Compression Pilot CP Testing 1 train @ Nyhamna, Norway Norske Shell Offshore Norway 10 33 0.0 0.0 25,000 3776 60.0 870 12.50 58.00 n/a Aker Solutions 1 Centrifugal GE Compr/Aker Pump 2011 30-Aug-16

3 Åsgard - Midgard & Mikkel Fields (7) O Subsea Gas Compression Statoil (18) Offshore Norway 300 984 40.0 25.0 20,000 3,021 50.0 725 11.50 24.40 n/a Aker Solutions (11) 2+1 Spare +1 Centrifugal MAN compr/Aker pump 6-Sep-15 1-Mar-18 18

4 Gullfaks South Brent (25) O Subsea Wet Gas Compression Statoil (18) Offshore Norway 135 443 15.5 9.7 9,600 1,450 30.0 435 5.00 10.00 95% OneSubsea (10) 2+1 Spare Counter Axial OneSubsea Jul-2017 2-Nov-15 1

5 Ormen Lange Gas Compression 2 (28) C Subsea Gas Compression Norske Shell Offshore Norway 860 2,822 120.0 75.0 TBD TBD TBD TBD TBD n/a TBA 2 Centrifugal TBA 2021

6 Troll C Subsea Gas Compression Statoil Offshore Norway 340 1,116 4.0 2.5   n/a TBA Undecided TBA TBD

7 Peon (35) P/H Subsea Gas Compression Statoil Offshore Norway 385 1,263 TBD TBD TBD TBD

8 Snohvit C Subsea Gas Compression Statoil Barents Sea 345 1,132 143.0 89.4   TBD n/a TBA TBA 2020

9 Shtokman (36) P/H Subsea Gas Compression Gazprom Barents Sea 350 1,148 565.0 353.1   TBD n/a TBA Centrifugal TBA 2022

10 Åsgard - Midgard & Mikkel Fields C Subsea Gas Compression - Phase 2 Statoil (18) Offshore Norway 300 984 40.0 25.0 12,000  60.0  11.50 24.40 n/a TBA 2+1 Spare +1 Centrifugal MAN compr/Aker pump 2021
11 Jansz-Io & Gorgon Fields C Subsea Gas Compression, Alternative to Floating Host Chevron W. Australia 1,350 4,429 130.0 81.3  60.0  Aker Solutions 2021
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1 Prezioso A MPP at Base of Platform ENI Italy 50 164 0.0 0.0 65.0 10 40.0 580 0.15 30-90% Saipem 1 Twin-Screw Nuovo Pignone (9) 1994 1995
2 Draugen Field A Hydraulic Drive MPP (17) Norske Shell Offshore Norway 270 886 4.0 2.5 193.0 29 50.0 725 0.75 42% OneSubsea 1+1 Spare SMUBS, 1-MPP SPX ClydeUnion Nov-95 15-Nov-96 12.2

3 Lufeng 22/1 Field A Tieback to FPSO Statoil South China Sea 330 1,083 1.0 0.6 675.0 102 35.0 508 0.40 3% OneSubsea/TechnipFMC 5+2 Spare Centrifugal (SPP) OneSubsea Jan-98 15-Jul-09 138.0

4 Machar Field (ETAP Project) A Hydraulic Drive MPP BP UK North Sea 85 277 35.2 21.9 1,100.0 166 22.0 319 0.65 64% OneSubsea 2+1 Spare Helico-Axial OneSubsea

5 Topacio Field O 1 x Dual MPP System ExxonMobil Equatorial Guinea 550 1,805 8.0 5.0 940.0 142 35.0 508 0.86 75% OneSubsea 2+1 Spare Helico-Axial OneSubsea Aug-00 1-Mar-18 197.1

6 Ceiba C3 + C4 O Phase 1 SS MPP Project Hess Equatorial Guinea 750 2,461 7.0 4.3 600.0 91 45.0 653 0.85 75% OneSubsea 2+1 Spare Helico-Axial OneSubsea Oct-02 1-Mar-18 171.1

7 Jubarte EWT A Riser lift to Seillean drillship Petrobras Espirito Santo Basin 1,400 4,593 1.4 0.9 145.0 22 140.0 2,000 0.70 22% TechnipFMC 1 ESP Schlumberger (REDA) Dec-02 1-Dec-06 47.9

8 Ceiba Field (FFD) O Full Field Development (FFD) Hess Equatorial Guinea 700 2,297 14.5 9.0 2,500.0 378 40.0 580 1.20 75% OneSubsea 6+2 Spare Helico-Axial OneSubsea Dec-03 1-Mar-18 157.1

9 Mutineer / Exeter O 2 x Single MPP Systems Santos NW Shelf, Australia 145 476 7.0 4.3 1,200.0 181 30.0 435 1.10 0-40% OneSubsea 2 MPP Helico-Axial OneSubsea (16) Mar-05 1-Mar-18 142.1

10 Lyell (Original Install) A SS Tieback to Ninian South CNR UK North Sea 146 479 15.0 9.3 1,100.0 166 18.0 261 1.60 40-70% Aker Solutions 1 Twin Screw Bornemann SMPC 9 Jan-06 Dec-06 11.0

11 Navajo I, N ESP in Flowline Riser Anadarko US GOM 1,110 3,642 7.2 4.5 24.0 4 40.2 583 0.75 57% Baker Hughes 1 ESP Baker Hughes Feb-07 1-Aug-07 5.5

12 Jubarte Field - Phase 1 A Seabed ESP-MOBO, Uses BCSS (14) Petrobras Espirito Santo Basin 1,350 4,429 4.0 2.5 120.0 18 138.0 2,002 0.90 10-40% TechnipFMC 1 ESP Schlumberger (REDA) Mar-07 Aug-07 5.0

13 Brenda & Nicol Fields O MultiManifold with 1 MPP Premier Oil UK North Sea 145 476 8.5 5.3 800.0 121 19.0 276 1.10 75% OneSubsea 1+1 Spare Helico-Axial OneSubsea Apr-07 1-Mar-18 117.1

14 King (8) A SS Tieback to Marlin TLP Anadarko US GOM 1,700 5,578 29.0 18.0 496.5 75 50.0 725 1.30 0-95% Aker Solutions 2+1 Spare Twin-Screw ITT Bornemann/Loher Nov-07 15-Feb-09 15.0

15 Vincent O Dual MPP System Woodside NW Shelf, Australia 475 1,558 3.0 1.9 2,400.0 363 42.0 609 1.80 25-70% OneSubsea 2+2 Spare Helico-Axial OneSubsea Aug-10 1-Mar-18 77.1

16 Marlim A SBMS-500 SS Field Test Petrobras Campos Basin 1,900 6,234 3.1 1.9 500.0 75 60.0 870 1.20 0-100% Curtiss-Wright / OneSubsea 1 Twin-Screw Leistritz

17 Golfinho Field BCSS O Seabed ESP-MOBO, Uses BCSS (14) Petrobras Espirito Santo Basin 1,500 4,922 11.0 6.8 146.0 22 138.0 2,002 1.20 10-40% TechnipFMC (33) 2 ESP Schlumberger (REDA) (33) Dec-14 4-Jan-18 37.0

18 Azurite Field A Dual MPP System Murphy Oil Congo, W. Africa 1,338 4,390 3.0 1.9 350.0 53 41.0 595 0.85 28% OneSubsea 2+1 Spare Helico-Axial OneSubsea Sep-10 1-Oct-13 36.5

19 Golfinho Field Caissons O MOBO BCSS (ESP) Caissons (14) Petrobras Espirito Santo Basin 1,500 4,922 5.0 3.1 146.0 22 138.0 2,002 1.20 10-40% Aker Solutions 2 ESP Schlumberger (REDA) (33) Dec-14 4-Jan-18 36.1

20 Espadarte (Field Trial) A Horizontal ESP on Skid Petrobras Brazil 1,350 4,429 11.5 7.1 125.0 19 100.0 1,450 0.90 10-40% TechnipFMC 2 ESP Baker Hughes Dec-11 Mar-13 14.5

21 Parque Das Conchas (BC 10) Phase 1 (20) O Caisson / Artifical Non-Separated Shell Campos Basin 2,150 7,054 9.0 5.6 185.0 28 152 2,205 1.10 40% TechnipFMC 2 ESP Baker Hughes Jul-09 1-Mar-18 103.3

22 Parque Das Conchas (BC-10) Phase 2 O 2 additional ESP systems Shell Campos Basin 2,150 7,054 9.0 5.6 185.0 28 152 2,205 1.10 40% TechnipFMC 2 ESP Baker Hughes Oct-13 1-Mar-18 52.4

23 Parque Das Conchas (BC-10) MPP Repl. M Replacement MPP system Shell Campos Basin 2,150 7,054 9.0 5.6 185.0 28 40% TechnipFMC 1 Helico-Axial TechnipFMC 2018

24 Jubarte Field - Phase 2 O Tieback to FPSO P-57, Uses BCSS (14) (22) Petrobras Espirito Santo Basin 1,400 4,593 8.0 5.0 1,325.0 200 200 3,000 1.20 30-40% Aker Solutions 15 ESP Schlumberger (REDA) 6-Dec-10 1-Mar-18 86.6

25 Cascade & Chinook I, N Skid BCSS - Horizontal ESP on Skid (6) Petrobras US GOM 2,484 8,150 8.0 5.0 135.0 20 220.0 3,191 1.10 10% TechnipFMC 4+2 Spare ESP Baker Hughes 14-Jul-12 Unkown

26 Barracuda O SS MP High Boost Pump System (30) Petrobras Campos Basin 1,040 3,412 10.5 6.5 280.0 42 70.0 1,015 1.50 35-60% OneSubsea 1 Helico-Axial OneSubsea 14-Jul-12 1-Mar-18 67.4

27 Montanazo & Lubina O Single MPP System Repsol Mediterranean 740 2,428 12.3 7.6 80.0 12 65.0 943 0.23 10% OneSubsea 1 + 1 Spare Centrifugal (SPP) OneSubsea 15-Jan-14 1-Mar-18 49.4

28 Schiehallion I, N 2 x Dual MPP Systems BP UK, West of Shetland 400 1,312 4.0 2.5 2,700.0 408 26.0 377 1.80 74% GE/OneSubsea 4+0 Spare Helico-Axial OneSubsea 2014 Delayed Start Up

29 CLOV (19) O Subsea MPP System Total Angola, Blk 17 1,170 3,839 11.0 6.8 660.0 100 45.0 652 2.30 50% OneSubsea 2+1 Spare Helico-Axial OneSubsea 31-Jul-16 1-Mar-18 19.0

30 Jack & St. Malo O 3 x Single SPP Systems (JSM) Chevron US GOM 2,134 7,000 21.0 13.0 1,191.0 180 241.3 3,500 3.00 10% OneSubsea 3+2 Spare Centrifugal (SPP) OneSubsea 10-May-16 1-Mar-18 21.6

31 Lyell Retrofit O MPP Retrofit System - Tieback to Ninian CNR UK North Sea 145 476 7.0 4.3 700.0 106 21.0 305 1.00 97% OneSubsea 1 Helico-Axial OneSubsea 21-Aug-14 1-Mar-18 42.2

32 Rosa/Girassol (24) O Field Expansion Project Total Angola, Blk 17 1,350 4,429 18.0 11.2 600.0 91 130.0 1,885 2.50 20-50% OneSubsea 4+2 Spare Helico-Axial OneSubsea Q2 2015 1-Mar-18

33 Draugen Field (Infill Program) O 2 x Dual MPP Station A/S Norske Shell Offshore Norway 268 879 4.0 2.5 1,710.0 253 47.5 689 2.30 10-31% OneSubsea 2 Helico-Axial OneSubsea 24-Nov-16 1-Mar-18 15.1

34 Julia O SS Tieback with Dual SPP Systems ExxonMobil US GOM 2,287 7,500 27.2 17.0 331 50 175.0 2,550 3.00 10% OneSubsea 2 Centrifugal (SPP) OneSubsea 18-Apr-16 1-Mar-18 22.4

35 Moho Phase 1bis O Brownfield Tieback to Alima FPU Total Congo, W. Africa 650 2,133 6.7 4.0 400 60 133.5 1,935 3.50 49% OneSubsea 2 Helico-Axial OneSubsea 2016

36 Stones M Single Phase HPHT Pump System Shell US GOM 2,927 9,600 5.0 3.1 TBD TBD TBD TBD TBD <10% OneSubsea 2 +1 Spare Centrifugal (SPP) OneSubsea 2018

37 Appomattox C MPP in future Phases Shell US GOM 2,222 7,290 TBD TBD

38 Parque Das Baleias O Horizontal ESP on Skid Petrobras Espirito Santo Basin 1,500 4,922 10.0 6.2 125.0 19 140 2,058 1.20 10-25% TechnipFMC 5 +1 Spare ESP Schlumberger (REDA) 3/19/14 1-Mar-18 47.3

39 Greater Enfield M Dual MPP System Woodside W. Australia 850 2,788 32.0 20.0 959.0 145 110.0 1,595 2.60 5.20 81% OneSubsea 2+1 Spare Helico-Axial OneSubsea Mid-2019

40 Dalmatian M Single MPP System SS Tieback to Petronius Platform Murphy E & P Co. US GOM 1,779 5,837 35.0 22.0 231.0 35 150.0 2,176 2.20 2.20 65% OneSubsea (34) 1+1 Spare Helico-Axial OneSubsea (34) 2018

41 Otter Field M MPP System SS Tieback to North Cormorant Platform TAQA Bratani UK North Sea 184 603 22.0 13.7 853.0 129 48.0 696 2.00 2.00 75% OneSubea 1+1 Spare Helico-Axial OneSubsea 2018

42 West Hub M Mud Line Boosting Pump ENI Angola Block 15/06 1,000 3,281 TechnipFMC 2+1 Spare Helico-Axial TechnipFMC Q2, 2018
43 Vigdis C Subsea Boosting of existing wells Statoil Offshore Norway 280 919 6.5 4.1 50.0 725 2.30 2.30 20-40% TBA 1 TBD TBA 2021
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N 1 Troll C Pilot (15) A SUBSIS (SS Sep. and WI Sys.) Statoil Offshore Norway 340 1,116 3.5 2.2 250.0 38 151.0 2,190 1.60 0% GE/OneSubsea 1+1 Spare Centrifugal (SPP) OneSubsea Aug-01 1-Mar-18 197.8
2 Columba E. I, N Dual SPP System CNR North Sea 145 476 7.0 4.3 331.0 50 305.0 4,424 2.30 0% OneSubsea 2+0 Spare Centrifugal (SPP) OneSubsea May-07 1-Oct-13 76.4

3 Tyrihans A 3 SPP & SS RWI Filtration 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 12-Mar-13 1-Mar-18 59.5
4 Albacora  L'Este Field (31) O Raw Water Injection to 7 Wells Petrobras Campos Basin, Brazil 400 1,312 4 to 9 2.5-6.0 1125 170 85 1,233 1.2 0% OneSubsea 3+1 Spare Centrifugal (SPP) OneSubsea 14-Mar-14 1-Mar-18 47.5
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1 Zakum A Shallow Water Test Separation System BP Offshore Abu Dhabi 24 79 1969 1972 36
2 Highlander Field (32) A SS Separator/Slug Catcher Repsol Sinopec (27) UK North Sea 420 1,378 

3 Argyll A SS Sep. and Pumping Unit (SSPU) Hamilton Bros UK North Sea 80 262 BOET (See Table 3 Def.) 1989

4 Marimba Field I, N VASPS Field Test (21) Petrobras Campos Basin 395 1,296 1.7 1.1 60.0 9 52.0 754 0.3 OneSubsea 1 ESP Schlumberger (REDA) Jul-01 1-Jul-08 83.0

5 Troll C Pilot (15) A Horizontal SUBSIS (SS Sep. & WI Sys.) (23) Statoil Offshore Norway 340 1,116 3.5 2.2 250.0 38 151.0 2,190 1.60 0% GE / OneSubsea 1+1 Spare n/a OneSubsea Aug-01 1-Mar-18 197.8

6 Tordis (13) O Separation, MPP Statoil Offshore Norway 210 689 11.0 6.8 1,500.0 227 27.0 392 2.30 10-68% TechnipFMC 1+1 Spare Helico-Axial OneSubsea Oct-07 1-Mar-18 124.3

7 Parque Das Conchas (BC 10) Phase 1 O Separation Caisson / Artifical Lift Manifold Shell Campos Basin 2,150 7,054 25.0 15.6 185.0 28 152.0 2,205 1.10 15% TechnipFMC 4 ESP Baker Hughes Centrilift Aug-09 1-Mar-18 102.3

8 Perdido O Caisson Separation and Boosting (29) Shell US GOM 2,438 7,999 0.0 0.0 132-264 20 - 40 158.8 2,303 1.20 15% TechnipFMC 5 ESP Baker Hughes Centrilift Mar-10 1-Mar-18 84.0

9 Pazflor O 3 Gas/Liquid Vertical Separation System Total Angola, Blk 17 800 2,625 4.0 2.5 1,800.0 272 105.0 1,523 2.30 <16% TechnipFMC 6+2 Spare Hybrid H-A OneSubsea Aug-11 1-Mar-18 77.9

10 Marlim SSAO - Pilot O In-Line Separation Petrobras Campos Basin 878 2,881 3.8 2.4 135.0 20 245 3,553 1.9 67% TechnipFMC 1 Centrifugal (SPP) OneSubsea Mar-13 1-Mar-18 58.9

11 Parque Das Conchas (BC 10) Phase 2 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% TechnipFMC 2 ESP Baker Hughes Centrilift
12 Corvina (26) CP VASPS w/Horizontal ESP Petrobras Campos Basin 280 919 8.0 5.0 135.0 20 21 305 0.4 <10% TechnipFMC 1 ESP Baker Hughes Centrilift

Compact Module Pumps

CPM = Condition and Performance Monitoring

TABLE 4: SS BOOSTING POWER SYSTEM STEP-OUT CONFIGURATIONS
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VOLTAGE & POWER RATING

STEP-OUT 
(6) ASD POWER 

XFMRS EXAMPLE

Radius (1)

To
ps
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ea Topside 
(Step 
Up)

SS (Step 
Down)

Step-out  
Distance/

Project

Type 
1

7

Standard Motor Option
0-20 Km 
(0-12 mi) H

14.5 km (9.0 
mi)/Ceiba 
Field (FFD)

Capacity: 1-6 MW (shaft power)
Transmission: ~6kV
Distribution: ~6kV

Type 
2

7

High Voltage Motor Option
0-50 Km 

(0- 31 mi) H H

35 km 
(21.7 mi)/
Dalmation

Capacity: 1-6 MW (shaft power)
Transmission: Up to ~10kV
Distr./Motor Input: ~10kV

Type 
3

7

Standard Motor Option w/SS Xfmr
0-60 Km 
(0-37 mi) H H H

31 km 
(19.3 mi)/
Tyrihans

Capacity: 1-12 MW (shaft power)
Transmission: Up to 36kV
Distr./Motor Input: ~6kV

Type 
4

7

High Voltage Motor Option w/SS Xfmr
0-100 Km 
(0-62 mi) H H H NACapacity: 1-12 MW (shaft power)

Transmission: Up to 36kV
Distr./Motor Input: ~10kV

Type 
5

4

Subsea Power Distribution

0-100+ Km 
(0-62+ mi) H H H NA

Capacity: Up to 70 MW Total Power
Transmission: 36kV-145kV      
Distr Switchgear: Up to 36kV
Distr./Motor Input: ~6-10kV

1. Radius is subject to system power rating (Fig 1). 4. Xfmr before umbilical to meet umbilical voltage. 
2. Xfmr likely after ASD to meet umbilical voltage. 5. Xfmr before subsea ASD to meet drive voltage. 
3. Xfmr before subsea motor to meet motor voltage. 6. Stepout is the distance from the host facility.
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(2) (3)

(2) (3)

(2)
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