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Course syllabus
• Introduction to multiphase flow
• Hydrocarbon reservoirs
• Liquid mixture properties
• Gas/liquid mixture properties
• Basic concepts of two phase flow
• Mechanistic/empirical  models 
• Steady state correlations for horizontal, vertical and inclined 

pipes.
• Pigging and slug catchers
• Unsteady state multiphase flow
• Software application  (OLGA, pvt-sim, PIPEPHASE)
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What is Flow Assurance?
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Flow Assurance Challenges
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References

• Two phase flow in pipes, 6th ed., J P Brill, H P Beggs.

• Multiphase flow in wells, J P Brill, SPE communication.

• Some technical papers.
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Course grading scheme

• Written exams (up to 80%)

• Assignments (up to 5%)

• Class projects (up to 15%)

A mailing list and a taker to moderate the mailing list 
required.  Who is the taker!?
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Multiphase Production system

Well

Reservoir

Surface
equipment
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Production system
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Well completion components
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The Jomon Field Flow Line Schematic

Wellhead

Separator

Riser

Flow Line

5000 ft

30 miles, 10” diameter

P = 15,000 psia
T = 220 °F
Water cut = 35%

T = 39.2 °F
U = 4 BTU/Ft2 F Hr

P = 300 psia
T = 80 °F
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Area of Risk
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Session 2:
Hydrocarbon phase behavior, flash calculations  

and pvt-sim
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Flash separation
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Main objective of flash calculations

• Optimum separation conditions: P and T

• Composition of separated oil and gas phases

• Producing gas/oil ratio

• API gravity of the stock tank oil

• Oil formation volume factor
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Optimum conditions leads to:

• Minimum gas/oil ratio

• Minimum oil formation volume factor

• Maximum stock tank API gravity
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Sessions 3 and 4:
(black oil and compositional models for 

Gas/liquid mixtures )
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Standing’s correlation
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Vasquez-Begg’s correlation
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Real Gas Z-Factor
Standing-Katz Chart/correlation
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Session 5 and 6:
Basic concepts of two phase 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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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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Slip velocity 
between oil 
and gas 
phases

Voil

VGas

Voil

VGas

Voil

VGas

Voil
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Sessions 7 and 8:
two phase models for Vertical flow



116



117



118



119



120



121



122



123

The Beggs and Brill Method
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The Jomon Field Flow Line Schematic

Wellhead

Separator

Riser

Flow Line

5000 ft

30 miles, 10” diameter

P = 15,000 psia
T = 220 °F
Water cut = 35%

T = 39.2 °F
U = 4 BTU/Ft2 F Hr

P = 300 psia
T = 80 °F

Well
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Hagedorn and Brown Model
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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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If constants are included:
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Sessions 9 and 10:
two phase flow through restrictions



182



183



184



185



186



187



188



189



190



191



192



193

Session 11:
Mechanistic models
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Session 12:
slug and pigs
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Session 13:
Heat Transfer in Multiphase flow
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Temperature profile
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Session 14:
Two phase flow and wells design application
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objective
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Sessions  15:
Gas Hydrates
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cubic

cubic

hexagonal

W. Mao et al, Physics Today 2007

sI

sII

sH

Typical stable hydrate structures
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Effect of guest molecule size
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Hydrate physical properties
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Hydrate Prevention
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