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Modern  multiphase  wet  gas  flow  measurement  should  include  abilities  to 
accurately determine formation water breakthrough. Solartron offer this in two 
technology  formats  alongside  the  standard  venturi  differential  pressure 
measurements, PLR and microwave resonance technology.
This presentation will detail the performance of the Dualstream 3 wet gas flow 
meter, concentrating on the sensitivity of  the meter to changes in the wet gas 
fluid  compositional  properties, and  evaluating  the  effect  of  salinity  on  the 
microwave section of this meter. Finally, aspects of the development process for
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CHALLENGES



USE AND LOCATION



DUALSTREAM ELITE
How it works



Pressure and DP from the Venturi



Microwave water fraction measurement



Temperature…and compute



Algorithm - Inputs



Algorithm



Algorithm – Reduced PVT Reliance



Algorithm – Reduced PVT Reliance



Algorithm Outputs



Microwave Resonance



In Theory…



�…and in Practice



Early Prototypes



In house Research and Simulations



Design, Testing and Optimisation





Operating Range: 90% – 100% GVF

Water to Liquid Ratio (WLR): 0% – 100%

Gas Mass Flow Rate: ±2% relative (typical)

Water Volume Fraction: ±0.10% absolute

Condensate Mass Flow Rate: ±10% relative 
(Two-Phase mode)

(Uncertainties specified to 95% confidence)

Design Specification



Wet Gas Testing



Gas Mass Flow Rate Accuracy

CEESI data verifying the Gas Mass Flow Rate accuracy for Dualstream Elite
(red lines indicate target specification)



Water Volume Fraction Accuracy

CEESI data verifying the Water Volume Fraction accuracy for Dualstream Elite
(red lines indicate target specification)



Operating Range: 90% – 100% GVF

Water to Liquid Ratio (WLR): 0% – 100%

Gas Mass Flow Rate: ±2% relative (typical)

Water Volume Fraction: ±0.10% absolute

Condensate Mass Flow Rate: ±10% relative 
(Two-Phase mode)

(Uncertainties specified to 95% confidence)

Flow Meter Specification Achieved



A two-phase mode, requiring knowledge of the condensate content from EOS         
and PVT

- All the data in this paper uses this mode

A three-phase mode in which condensate content is derived independently of 
EOS

- To be detailed in a future paper

Two Modes of Operation



Gas Volume Flow Rate Sensitivity to
10% Error in CGMR



Water Volume Fraction Sensitivity to 
10% Error in CGMR



Hydrocarbon Mass Flow Rate
Sensitivity to 10% Error in CGMR



Gas Volume Flow Rate Sensitivity to 
5% Error in Gas Density



Water Volume Fraction Sensitivity to
5% Error in Gas Density



Hydrocarbon Mass Flow Rate
Sensitivity to 5% Error in Gas Density



Flow Meter Sensitivity



Hans van Maanen’s Paper



Hans van Maanen – Theory vs Practice



Effect of Water Vapour
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Water Salinity

Meter must cope with saline water in oil 
and water continuous conditions

It is desirable to have a real-time measurement of salinity

The technology is robust to saline water and provides the potential for 
measurement of salinity



Salinity 3.5% by mass
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Salinity 3.5% by mass of NaCl



Salinity 8.1% by mass NaCl

Salinity 8.1% by mass
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Comparison between 3.5% and 8.1% salinity
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Amplitude depends on water salinity

Pressure 90bar
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And at higher gas pressure

Pressure 135bar
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Viewed at different pressures 
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3 Phase Ð water continuous

Water Continuous @ 135bar
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3 Phase Ð water continuous

Water Continuous @ 90bar
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3 Phase Ð water continuous

Water Continuous at both pressures
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3 Phase Ð oil continuous

Oil Continuous
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SUBSEA  ELITE  
Qualification 

In accordance with DNVÐRP-A203 

Performance Specification as per topside version

Low Power

Fully redundant sensors/electronics

3000m / 10,000 psi design 

Vertical or horizontal installation

Qualification scheduled to be completed in Q1 2012



Electronics Module 

Available Protocols 
Modbus
Canbus (SIIS level 2)
IWIS
(Ethernet SIIS L3 during 2012)

Fully Functional ÔStandbyÕ
Electronics Enclosure

Multiple water fraction sensors
Ôbuilt in redundancyÕ

Fully redundant PT,P and T 
sensors

SUBSEA  ELITE  
Reliability



- Development of Solartron ISAÕs next generation wet gas flow meter 

- Reduced reliance on PVT data

- Uncertainty validated within specification for current wet gas data

- Meter sensitivity to Gas Density and CGMR detailed

- Potential to measure salinity

Conclusions
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