
Flow Assurance

서유택



Gathering system



Long pipeline may induce phase change



Flowlines, Manifolds and Piping

• Equipment used to transmit produced fluids from wellhead 

through treating equipment

- Piping

- Connections

- Valves

- Fittings

• Flowlines: Usually 2” to 16”

- API steel line pipe

: Standard 5 L < 1000 psi

: Strandard 5 LX > 1000 psi

• Pipe:

- Closed conduit

- Circular cross-section

- Constant internal diameter (ID)



Pipeline sizing

• Consider fluid velocity

- Limit noise / corrosion / erosion

- Prevent solids build-up in liquid lines

- Prevent liquid build-up in gas lines

• Contain internal pressure

- Pipe wall thickness and material strength

• Minimize pressure drop

- Minimize pump / compression cost

- Optimize installed cost



Fluid velocity

• Flowline size – internal diameter

• Pipe internal diameter

- Larger diameter          fluids move slower

- Smaller diameter        fluids move faster

• Line size criteria

(Liquid)

- Max velocity = 15 ft/sec (Noise and Erosion)

- Min velocity = 3 ft/sec (Solids buildup)

(Gas)

- Max velocity = 60 ft/sec (Noise and corrosion)

- Min velocity = 10 ~ 15 ft/sec (Liquid buildup)

𝑑2 =
60 𝑄𝑀𝑀𝑆𝐶𝐹𝐷𝑇𝑧

𝑃𝑣

𝑑2 =
0.012 𝑄𝐵𝐿𝑃𝐷

𝑣

d: pipe ID, inches,

T: temperature, oR

z: compressibility factor

P: pressure, psia

v: fluid velocity, ft/sec

d: pipe ID, inches,

v: liquid velocity, ft/sec



Exercise: Liquid line size

• Choose a pipeline size to handle: 1000 blpd

- Max velocity = 15 ft/sec (Noise and Erosion)

- Min velocity = 3 ft/sec (Solids buildup)

• What if pipeline is too small?

- Velocity too high: Noise or erosion → pressure drop too large

- What can be done? Lower rates or use larger pipe

• What if pipeline is too large?

- Velocity too low: Solid drop out → Liquids and solids buildup

- What can be done?  Increase rate, use smaller pipe, PIG the line

𝑑2 =
0.012 𝑄𝐵𝐿𝑃𝐷

𝑣







Pipeline Pigging System

• PIG: Pipeline Internal Gauge



Petroleum Industry PIG

• Pipeline Internal Gauge

- Check internal condition for pipeline

- Cleaning: Solids (wax, asphaltene etc)

- Check or remove obstruction

- Check for deformation / corrosion / erosion

• Intelligent PIG

- Measure: Remaining wall thickness

- Establish: Location and type of defects



• Foam Pigs for cleaning

• Bi-Di pigs: Gauging and Cleaning



Offshore platform PIG launcher / receiver



Typical offshore field layout 



Exercise: Gas line size

• Size a flowline for 

10 mmcfd, SG = 0.7, P (3000 → 2000 psia), T (580 oR)

z = 0.78 at 2000 psia, 0.79 at 3000 psia

- Max velocity = 60 ft/sec (Noise and corrosion)

- Min velocity = 10 ~ 15 ft/sec (Liquid buildup)

𝑑2 =
60 𝑄𝑀𝑀𝑆𝐶𝐹𝐷𝑇𝑧

𝑃𝑣



Solution



Line size criteria – Two phase

- Max velocity = 60 ft/sec (Noise, corrosion, erosion) (50 if CO2)

- Min velocity = 10 ~ 15 ft/sec (Minimize slugs)

𝑑2 =
11.9 +

𝑅 𝑧 𝑇
16.7 𝑃

𝑄𝐵𝐿𝑃𝐷

1000 𝑣
- Erosional velocity for two phase

V𝑒 =
𝐶

𝜌𝑚𝑖𝑥

R: Gas/Liquid ratio, scf/bbl

Ve: Erosional velocity, ft/sec

ρ:Combined fluid density,lbm/ft3

C:constant between 75 and 200

150~200 for continuous non-corrosive servies

Up to 250 used successfully by industry for non-continuous services



Two phase flow



Erosional velocity with solids in flowstream

• Minimum flowrate to prevent erosion: not known

• Sand production induces erosion of surface equipment



• Use sand probes

• Measure / Inspect wall thickness

• Use 3+ feet of straight pipe after turns / choke

• Use long radius ells or Target tees

• Monitor solids with sand detectors

• Control solid production (Sand control)

• Remove solids from flow (Desander)



• Monitor erosion by measuring pipeline wall thickness



• Target tee – measure how much welded cap eroded



• Acoustical detection of solid particles as pipe hit

- Built-in computer calculates sand velocity and concentration

• Surface centrifugal desander



Pipeline sizing

• Consider fluid velocity

- Limit noise / corrosion / erosion

- Prevent solids build-up in liquid lines

- Prevent liquid build-up in gas lines

• Contain internal pressure

- Pipe wall thickness and material strength

• Minimize pressure drop

- Minimize pump / compression cost

- Optimize installed cost

All piping, connections, valves and 

fittings must withstand maximum 

possible internal pressure or be 

protected by a pressure relieving 

system



Flowline design pressure

• Maximum allowable working pressure

𝑃 =
2 𝑆 𝑡 𝐹 𝐸 𝑇

𝑑

S: Specified minimum yield strength (psia)

t: pipe wall thickness (inches)

F: Design factor (0.72 or less)

E: Longitudinal joint factor

1.0 seamless

0.8 Fusion/Spiral weld

0.6 Butt weld

T: 1.0 if -20 oF to 250 oF

d: Nominal diameter, inches



S: API Minimum specified yield strength



F: Piping design factor



T: Temperature derating factor





• 6” Plain end GRADE B, Thickness .188”,

→ what is maximum pressure limit?

A: 1430 psi

• 6” linepipe: pressure = 4000 psi

→ what pipe do you order?



Thank you


