


Subsea Design Phases

1. Concept Selection/Feasibility SUBSEA SYSTEMS ENGINEERING

A Compare various flowline routes vs. ASSET LIFE-CYCLE DEVELOPMENT
A Pipe size and insulation requirements e .
. . Appraisal of 2w P i N
A Topsides requirements Development il Profect | T g
Feacibility Execution Demll:pmnt
& Surveillance
2. FEED Egm"::u Subsea Systems
. . . . 5 Engineering RAM
A Determine most viable flowline route & flowline design Analysis
A Chemicals requirements & umbilical design e s
A Operability & topsides requirements P inkarace -

Management

3. Detailed Design

A Flowline design meets life time functional requirements
A Chemicals requirements & umbilical design

A Operability and topsides design for production & export

4. Operations
A Operator training
A Adjust operating procedures according to reality
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Design Related Issues

Pipeline sizing
pressure loss vs slugging

Design of Chemical
Injection Systems

to minimize risk of hydrates,

scale, corrosion etc.
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Choke design

to minimize pressure loss T
. L
and erosion ‘

Flow assurance is
to take precautions to

Ensure Deliverability
and Operability

Thermal Insulation

Design

to keep fluids warm and minimize
risk of hydrates and wax
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Erosion analysis
Erosion wear in complex geometries

Erosion Rat

(Contour Erosion ever ywhere)
3.4212-001
1.377e-001
5.5412-002 “'ﬁ ‘) @- >
2.230e-002 i s
8.974e-003 ! 4
3.611e-003
1.453e-003 &
5.848e-004 : v

2.354e-004

9.473e-005 5;
3.812¢-005 o
1.534e-005

6.174e-006

2.4B5e-006
1.000e-006



Flow Assurance
. Interface with Reservoir Evaluation and Topsides Design

AProduction profiles; FWHP, FWHT, WI rates
AReservoir depth, temperature, and pressure

ARequired topside arrival pressure (separator pressure + ~50
psi) and temperature

ASeparator and slug catcher capacities

ACapacities and pressure ratings of
. Export pumps and compressors
. Gas lift compressors
: Chemicals pumps
: Hydraulic fluid pumps
ATopside piping/equipment i temperature ratings
ATopside storage capacities for oil, diesel, chemicals and water



Pressure drop calculation for long pipeline

The pressure gradient varies along the pipe
due to variation in pipe diameter, inclination L P
and mixture density (pressure dependent)
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Pressureatexit: P =P +AP
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Sum of pressure drop in all pipe segment

Challenge in multiphase flow:
+ The pressure profile depends on the pressure!
* Reguires iterative numerical solver




Flowing Wellhead Pressure [psia)

Determine Line Size

AMost offshore pipelines are sized by use of three design criteria
. Available pressure drop, allowable velocities, and slugging
AlLine sizes calculated by use of the steady state simulators

AThe maximum allowable pressure drop is constrained by its
required outlet pressure and available inlet pressure

Flowline ID vs Arrival Pressure Flowline 1D vs Arrival Pressure

53,000 ft Flowline + Riser, Elevation = 5000 ft, Arrival P =500 psia 53,000 ft Flowline + Riser, Elevation =5000 ft, Inlet P = 2000 psia

Wellbore production: ail 10,000 bpd Required arrival pressure = 500 psi
o | FWHP = 2900 psi 7 =
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Slugging

ASlugging
. Periods of low flow followed by periods of high flow (liquid bomb)
. Occurs in multiphase flowlines at low gas velocities

. Causes
- Low fluid velocity _ ) . t}
Slug Formation \L - Slug Production
- Seabed bathymetry
- Riser type

AControl strategy

. Increase flowrate

(playing with topside valve)
. Slug catcher
. Gas lift / Gas recirculation

Liquid Fallback

Blowout

CSIRO.



Basic quantities and definitions
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ASuperficial velocity

AMixture velocity

ALiquid holdup

AGas void fraction

AAverage gas and liquid velocities
ASlip velocity

AWater cut

AMixture density

AMixture viscosity



Gas liquid flow regimes

Aln horizontal and near horizontal pipelines

Increasing flow speed

<

Low velocity

Intermediate velocity

High velocity

Flow direction
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Stratified smooth
flow (SS)

Stratified wavy
flow (SW)

Elongated bubble
flow (EB)

Slug flow (I)

Dispersed bubble
flow (DB)

Annular (wavy)
flow (A-AW)



Aln up-ward vertical pipeline
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Ul g (m/s)

Flow regime map i horizontal pipe
Dispersed bubble (DB)
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Flow regime map 1 vertical pipe
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Hydrate

AHydrate Gas \,, G ;—( P ngh Pressure
) ) ) separation +— ———t Want to maintain
An ice-like solid that forms when \ Pressure

. Sufficient water is present ST
P Water ( w —f_ T )Low Temperature

: Hydrate former is present (C1, C2, and C3) dchydration «— - " ——+ insulation
: Right combinationof Pand T = i(mgﬁnmse)
ACOI’]UO' Strategy W/O and O/W Emulsions

Entrainment Hydrate Growth Agglomeration Plugging

1) maintaining temperature above hydrate
formation conditions (Insulation, DEH, etc)
i) Decreasing the pressure outside the area ST

of possible hydrate formation (for remediation) BRI ERaiRt] yorate Grown  Agglomerstion [JIPRGRG
li) Removing the water (Subsea processing) )
Iv) Continuous injection of chemicals

: MEG is the most popular hydrate inhibition No Free Water

strategy for long distance tie-back systems e B




North Sea Plug Case History

A16inch, 22mile pipeline in UK sector
AMERG injection line had sheared
A1.2 mile long plug

AUpstream of platform by <0.25 miles
AFPSO brought in from Stavanger
ADepressurized both sides of plug
A8 weeks total downtime, $3MM cost

Host Platform

Fourth Intake



Complete FPSO/Manifold Interface
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