


Subsea Design Phases

1. Concept Selection/Feasibility
ÅCompare various flowline routes 

ÅPipe size and insulation requirements

ÅTopsides requirements

2. FEED
ÅDetermine most viable flowline route & flowline design

ÅChemicals requirements & umbilical design

ÅOperability & topsides requirements

3. Detailed Design
ÅFlowline design meets life time functional requirements

ÅChemicals requirements & umbilical design

ÅOperability and topsides design for production & export 

4. Operations
ÅOperator training

ÅAdjust operating procedures according to reality



Fluid Related Issues

Emulsion / FoamWax / Asphaltenes

Scale (salts)CorrosionGas HydratesSand / Erosion

Multiphase composition
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Design Related Issues

Choke design
to minimize pressure loss 
and erosion

Pipeline sizing
pressure loss vs slugging

Design of Chemical 
Injection Systems
to minimize risk of hydrates,
scale, corrosion etc.

Thermal Insulation
Design
to keep fluids warm and minimize
risk of hydrates and wax

Erosion analysis
Erosion wear in complex geometries

Flow assurance is
to take precautions to
Ensure Deliverability 
and Operability



Flow Assurance
: Interface with Reservoir Evaluation and Topsides Design 

ÅProduction profiles; FWHP, FWHT, WI rates

ÅReservoir depth, temperature, and pressure 

ÅRequired topside arrival pressure (separator pressure + ~50 

psi) and temperature

ÅSeparator and slug catcher capacities

ÅCapacities and pressure ratings of

: Export pumps and compressors

: Gas lift compressors

: Chemicals pumps

: Hydraulic fluid pumps

ÅTopside piping/equipment ïtemperature ratings

ÅTopside storage capacities for oil, diesel, chemicals and water



Pressure drop calculation for long pipeline



Determine Line Size

ÅMost offshore pipelines are sized by use of three design criteria

: Available pressure drop, allowable velocities, and slugging

ÅLine sizes calculated by use of the steady state simulators

ÅThe maximum allowable pressure drop is constrained by its 

required outlet pressure and available inlet pressure

Wellbore production: oil 10,000 bpd

FWHP = 2900 psi

Required arrival pressure = 500 psi



Slugging

ÅSlugging

: Periods of low flow followed by periods of high flow (liquid bomb)

: Occurs in multiphase flowlines at low gas velocities

: Causes

- Low fluid velocity

- Seabed bathymetry

- Riser type

ÅControl strategy

: Increase flowrate 

(playing with topside valve)

: Slug catcher 

: Gas lift / Gas recirculation

CSIRO.



Basic quantities and definitions

ÅSuperficial velocity

ÅMixture velocity

ÅLiquid holdup

ÅGas void fraction

ÅAverage gas and liquid velocities

ÅSlip velocity

ÅWater cut

ÅMixture density

ÅMixture viscosity

Qg

Ql

Usl

Usg

ug

ul



Gas liquid flow regimes 

ÅIn horizontal and near horizontal pipelines



ÅIn up-ward vertical pipeline



Flow regime map ïhorizontal pipe



Flow regime map ïvertical pipe



Hydrate

ÅHydrate 

An ice-like solid that forms when 

: Sufficient water is present

: Hydrate former is present (C1, C2, and C3)

: Right combination of P and T

ÅControl strategy

i) maintaining temperature above hydrate 

formation conditions (Insulation, DEH, etc)

ii) Decreasing the pressure outside the area 

of possible hydrate formation (for remediation)

iii) Removing the water (Subsea processing)

iv) Continuous injection of chemicals

: MEG is the most popular hydrate inhibition 

strategy for long distance tie-back systems



North Sea Plug Case History

Å16inch, 22mile pipeline in UK sector

ÅMEG injection line had sheared

Å1.2 mile long plug

ÅUpstream of platform by <0.25 miles

ÅFPSO brought in from Stavanger

ÅDepressurized both sides of plug

Å8 weeks total downtime, $3MM cost



Complete FPSO/Manifold Interface


