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Outline

« Background

« Technology
« Laboratory verification
* Flow loop experiments
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Gas hxdrates

 Ice-like structure that occurs at high
pressure and low temperature conditions

* A major flow assurance problem in multiphase
and wet-gas transportation
— Can potentially plug flow lines

Picture from http://www.offshoreengineering.com/
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Plugs may form due to
« Agglomeration of hydrate particles in bulk
« Build-up & tear-off of pipe-wall deposits
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Monitoring of

« Water content and salinity

« Hydrate formation & agglomeration in bulk
« Hydrate deposition
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Technologz

« Coaxial probe technology
— Measure permittivity as a function of frequency
— Sensing volume close to the pipe wall
— Robust, non-intrusive, easy-to-install
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Pipe wall

Open-ended coaxial probe

Measurement volume

Liquid film/deposit
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« Permittivity is a complex parameter (¢* = &' — je")

— Dielectric constant (real part of permittivity)
— Dielectric loss (imaginary part of permittivity)

* Permittivity of a mixture Is very sensitive for water
content
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« Permittivity changes as water is converted to
gas hydrates
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» Laboratory verification

Topside/Subsea
Applications

HP flow loops

HP bench scale J
Model systems , J
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* Blind test in CMR’s loop
— 95% of conductivity measurements within £0.35 S/m
— All measurements within £0.7 S/m
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Gas hydrate formation

Dielectric constant (100 MHz)

« Tetrahydrofuran/water mix
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« Dual mode operation of sensor

— Reactive mode at low frequencies => Permittivity estimation
— Radiation mode at high frequencies => Thickness esdtimation
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« Dual mode operation of sensor
— Reactive mode at low frequencies => Permittivity estimation
— Radiation mode at high frequencies => Thickness estimation
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* Flow loop experiments
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High pressure flow loop test

Pressure ~80 bar

Tap water + natural gas

Slug flow of hydrate slurry
Sensors at top of pipe

Local cooling around sensors

Southwest Research Institute
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« Estimation of hydrate fraction and deposit thickness
from measured permittivity

No flow
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High pressure flow loop test
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 Thickness and water fraction estimation

Permittivity distribution in
a 30 minute time window
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« Hydrate fraction and deposit thickness estimated from
measured permittivity

« Wet and thin hydrate layer (~0.5 mm, ~50% free water)
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* Dielectric spectroscopy well suited for monitoring gas
hydrate formation in multiphase flow

« Methods for estimating hydrate fraction and deposit
thickness presented
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