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Hydrate Remediation
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Hydrate in the Solar system

• Ubiquitous presence in the Universe?

– CO2 and CH4 clathrates on Mars

– CH4 clathrates on Titan

– Source of plumes on Saturn’s moon 

Enceladus

– Clathrates in Halley’s comet

W. L. Mao Stanford University
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Production test of Mallik 2002 as hydrate 
production research well program
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Computer methods
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Physical properties
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Session 15:
Pigging and Slug Catchers
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Different flow pattern in a vertical flow
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Different flow pattern in a horizontal flow
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Hydrodynamic parameters in a slug flow
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Total pressure gradient as a function of slug 
parameters.
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Various types of slugs

• Terrain slugs

• Hydrodynamic slugs

• Riser based slugs

• Pigging slugs
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Why slug flow?

• Frequently observed

• Leads to higher pressure gradient

• Causes Mechanical damage

• Can decrease the production rate

• Leads to a chaotic and intermittent flow
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At Low Flow Rates Liquid Accumulates in the Flowline Increasing the 
Pressure Drop

Friction 
Dominated

Gravity 
Dominated
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Liquid Holdup Depends on Flowline Geometry and Flowrate
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Liquid Holdup Can Lead to Liquid Slugging

• There are two types of slugging:
– Hydrodynamic: Induced by the holdup and superficial velocities
– Terrain: Induced by geometry changes in which liquid can accumulate 

• In Real Flowlines, Hydrodynamic and Terrain Slugs Can Interact:
– Difficult to predict slug length and frequency

• Slugging can lead to surges of liquid that can overwhelm slugcatchers

• Liquid holdup leads to increased pressure drops and reduced flow

• Pigs can be used to periodically remove liquid from the flowline
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Hydrodynamic Slugging is Predicted by a Flow Map
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Hydrodynamic Slugging Depends on the Inclination of the Flowline
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Hydrodynamic Slugging is Well Understood

• The frequency of hydrodynamic slugging can be estimated from the Shea 
correlation:

• Mild terrain effects can be accounted for with a fudge factor “Delay Constant”

Shea, R.H., Rasmussen, J., Hedne, P. and Malnes, D.: Holdup predictions for wet-gas pipelines compared. 
Oil & Gas Journal, May 19, 1997 
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Terrain Slugging is More Complex

Terrain or “severe” slugging causes large surges in pressure and liquid

A: Liquid bridges a low spot in the flowline

B: Upstream pressure builds up

C: Pressure pushes liquid accumulation out of the low spot

D: The pressure accumulation is released
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Terrain Slugging is often Periodic

• Often characterized by a buildup and release of the liquid
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Hydrodynamic Slugs Can Interact with the Terrain Slugs
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Slugging can be Induced by Transient Operations

Rate Changes:
• Increasing flowrate reduces holdup

Restart:
• During shutin, liquid settles in dips

Liquid 
Slug
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• Accurate modeling slug formation and behavior is complex

• Requires tracking of the slug front and tail of each slug

• Slugs grow in inclined flow and shrink in declined flow

Modeling Slug Flow
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Without “Slugtracking” OLGA is Poor at Predicting Slug Length and 
Frequency
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Slug catches: a simple multiphase 
separator 
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Slug Catchers Can be Huge

Bacton Gas 
Terminal Perenco Terminal 

(Formerly BP)

Slugcatchers

• Often the largest 
part of a gas 
terminal.

• Must be able to 
catch the largest 
slugs from the 
pipeline and allow 
time for the liquid to 
be processed.
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Harp type slug catcher
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The Slug catcher for Troll has a Capacity of 2400 m3
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Pigging

• Gas lines in particular are periodically pigged to remove accumulated liquid

• The large liquid slug is caught in a large separator called a “Slug Catcher”

Flow

Pig
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Types of Pigs

• Spheres:
– Easy to handle.
– Can be re-inflated to compensate for wear.
– Negotiate irregular bends.
– Little energy for movement < 2psi.

• Foam Pigs:
– Inexpensive and versatile.
– Can be fitted with brushes to remove deposits.

• Steel Pigs:
– Durable with replaceable sealing elements.
– Can also be equipped with brushes and blades.

• Solid-Cast Pigs:
– Light in weight, allow for longer and more efficient sealing.
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Pigging a way to keep the pipeline hygienic 
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Double pigging system
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Session 16
PIPEPHSE and OLGA
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