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What is Subsea Processing? 
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What is Subsea Processing? 
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SSP encompasses all separation and 
pressure-boosting operations that are 
performed subsea: 
•  Separation 
•  Single Phase Pumps 
•  Multiphase Pumps 
•  Gas Compression 
•  Water Treatment and Injection 
 
from API 17TR13 
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Why Use Subsea Processing? 
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Why Use Subsea Processing? 

•  Frees up processing capacity at the host 
•  Accelerate production and / or prolong 

plateau 
•  Increase recovery factor 
•  Enable tieback of new reservoirs to 

existing facilities 
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How Subsea Processing Helps 
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Separation Basics 

Remove one (or more) 
phases from a multiphase 
production stream 

Primary Applications 
•  Gas-Liquid 
•  Liquid-Liquid 
•  Gas-Liquid-Liquid 

19 

Horizontal Flow Regimes 



Separation Basics 
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Gas-Liquid-Liquid Separation 
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Conventional Separators 

•  Vertical 
•  Horizontal 
•  Slug Catchers 
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Conventional Separators 

When are these typically used? 
•  Vertical 
•  Horizontal 
•  Slug Catchers 
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Conventional Separators 

When are these typically used? 
•  Vertical   Gas-Liquid separation 
•  Horizontal   Liquid-Liquid separation 
•  Slug Catchers  Slugging 
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Conventional Separators 

Vertical: Gas-Liquid 
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Pazflor (Total) 



Conventional Separators 

Horizontal: Liquid-Liquid 
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Tordis (Statoil) 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to 
delete the image and then insert it again.



Conventional Separators 

Slug Catcher 
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Highlander (Texaco) 



Compact Separators 

•  Degassing 
•  Deliquidizing 
•  Desanding 
•  Deoiling (Hydrocyclone) 
•  GLCC – Gas Liquid Cylindrical Cyclone 
•  Pipe Separator 
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Compact Separators 

Degassing 
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Compact Separators 

Deliquidizing 
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Compact Separators 

Desanding 
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Compact Separators 

Deoiling Hydrocyclones 
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Compact Separators 

GLCC – Gas Liquid Cylindrical Cyclone 
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Compact Separators 

Caisson Separator: Gas Removal 
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Perdido (Shell) 



Compact Separators 

Pipe Separator: Water Removal 
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Marlim (Petrobras) 
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Subsea Boosting 

Pumps 
•  Centrifugal 
•  Hybrid 
•  Helico-Axial 

Compressors 
•  Centrifugal (dry gas) 
•  Contra-rotating (wet gas) 

•  Twin Screw 
•  Electrical Submersible Pump (ESP) 
•  Hydraulic Submersible Pump (HSP) 
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Subsea Boosting 

Centrifugal: Full Wellstream Boosting 
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Jack & St. Malo (Chevron) 



Pazflor (Total) 

Subsea Boosting 

Hybrid: 
•  Liquid Boosting (oil and water) 
•  Low Gas Volume Fraction 
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Subsea Boosting 

Helico-Axial: Full Wellstream Boosting 
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GirRI (Total) 



Subsea Boosting 

Twin Screw: Full Wellstream Boosting 

41 
King (BP) 



Subsea Boosting 

ESP: Full Wellstream Boosting 
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Cascade & Chinook (Petrobras) 



Subsea Boosting 

HSP: Downhole Boosting 

43 
Kraken (EnQuest) 

Pump 

Water 
Turbine 



Subsea Boosting 

Centrifugal Compressor: Dry Gas 
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Statoil (Åsgard ) 



Subsea Boosting 

Contra-Rotating Compressor: Wet Gas 

45 Statoil (Gullfaks) 



Subsea Boosting 

Contra-Rotating Compressor: Wet Gas 

46 Statoil (Gullfaks) 
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Raw Seawater Injection 
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Raw Seawater Injection 
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Raw Seawater Injection 
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Tyrihans (Statoil) 



Produced Water Separation, 
Treatment, and Reinjection 
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Marlim (Petrobras) 



Seawater Treatment and 
Injection 
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Subsea Electrical Power Supply 

Topside Based – Single Consumer 
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Subsea Electrical Power Supply 

Topside Based – Long Step-Out 
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Subsea Electrical Power Supply 

Subsea Electrical Power Distribution System 
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Subsea Electrical Power Supply 

Direct Electric Heating Power Supply 
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Enabling Technologies 

•  Flowline Heating 
•  Multiphase Metering 
•  Subsea Sampling 
•  Seabed Storage 
•  Subsea Chemical Distribution 
•  Electric Valves 
•  High Integrity Pressure Protection 

Systems (HIPPs) 
59 



Flowline Heating 

•  Heat Traced Pipe-in-Pipe 
•  Direct Electric Heating 
•  Integrated Production Bundle 
•  Pipe-in-Pipe with Hot Water 
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Flowline Heating 
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Flowline Heating 
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Heat Traced Pipe-in-Pipe 



Flowline Heating 
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Direct Electric Heating 



Flowline Heating 
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Direct Electric Heating 



Flowline Heating 
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Integrated Production Bundle 



Flowline Heating 
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Pipe-in-Pipe with Hot Water 

Hot Water Pipe-in-Pipe 
Hot Water Bundle 



Flowline Heating 

Limitations 
•  Subsea Manifolds 
•  Jumpers 
•  Trees 
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Multiphase Metering 

•  Allocation 
•  Well Testing 
•  Reservoir Management 
•  Condition Monitoring 
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Subsea Sampling 
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Proserv 

•  4m x 2m footprint 
•  < 5000 kg weight in water 
•  10k psi / 250 °F 
•  2500 m depth 
•  2 x 12 liters 



Subsea Sampling 
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Schlumberger 



Subsea Sampling 
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Schlumberger 



Subsea Sampling 
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Schlumberger 



Seabed Storage 
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Seabed Storage 

74 



Seabed Storage 
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Seabed Storage 

76 



Subsea Chemical Distribution 
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Subsea Chemical Distribution 
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Subsea Chemical Distribution 
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Cameron Pulse metering valves 



Subsea Chemical Distribution 

80 Total / Doris 



Subsea Chemical Distribution 
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Subsea Chemical Distribution 
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Electric Valves 
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Electric Valves 
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High Integrity Pressure 
Protection Systems (HIPPs) 
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US Regulatory Requirements 

Additional Requirements for Subsea 
Pump Systems: 
•  NTL 2011 N-11 
•  30 CFR § 250.875 
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US Regulatory Requirements 

Key Considerations: 
•  Pump Dead Head Operating Pressure 

(maximum boost) 
•  System Maximum Allowable Operating 

Pressure (MAOP) 
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QUESTIONS? 
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