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• Lecturer: Assoc. Prof. Milan Stanko (Production Tech) 
(milan.stanko@ntnu.no). Office 510. 

• Teaching assistant: Ikhsan Aulia (auliain@stud.ntnu.no)
• Lecture schedule

– Tuesdays, 10:15-12:00 (theory and exercises) – P12
– Thursdays, 08:15-10:00 (theory and exercises) – P12
– Thursdays*, 11:15-12:00 (TA/Exercises) – P10

• Course description

Information

*EXCEPT First week

mailto:milan.stanko@ntnu.no
mailto:auliain@stud.ntnu.no
https://www.ntnu.edu/studies/courses/TPG4245
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• Production performance of wells and gathering systems. 
• Addresses the integrated production system, inflow, 

tubing and pipe flow, and technologies such as artificial 
lift

• Developing skills for planning, operating, monitoring, 
troubleshooting and controlling production of oil and gas 
production systems

Course scope
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At the end of the course, the student should be able to:
• Perform common production engineering calculations 
• Understand the fundamentals of petroleum production 

engineering 
• Describe the main components of the production system, the 

most common well completions, artificial lift methods and 
configurations of production systems 

• Describe, understand and explain the functionality of the main 
components of a production system 

• Understand the factors and drivers involved in the planning 
and operation of oil and gas wells

Goals of the course
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• Introduction (well layout, production engineering domain)
• Flow equilibrium
• Inflow performance relationship

– Undersaturated Oil
• Radial and horizontal wells
• Water coning

– Dry Gas
• High velocity flow

– Saturated oil
• Choke performance
• Tubing performance

– Dry Gas flow
– Tubing size considerations
– Multiphase flow of oil, gas and water

• Artificial lift
– Gas lift
– Electric submersible pump

• Temperature calculations in wellbore

Course content
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• Practical SI units only (bar, m3), not field units.
• Little on the structural and completion part, e.g. design, material 

selection
– Completion tools, technology and procedures may vary between different 

vendors and companies

• Not all models and topics will be covered - Focus on the 
fundamentals

Course scope
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• Lectures until 24 November 
• Consultation time: preferably after class. Try to make an 

email appointment.
• Reference group – any volunteers?

– Everyone can provide feedback using the anonymous comment 
box (in blackboard)

• Use Blackboard to navigate the course
– Use the forum for Q&A
– For group deliveries: Join a group before delivering the exercise 

(even if group consists of only one person!!) 

Information

https://innsida.ntnu.no/wiki/-/wiki/English/Reference+groups+-+quality+assurance+of+education
https://innsida.ntnu.no/bb


8

• Milan’s Compendium
• Book: Well performance (Golan and 

Whitson)
• Other relevant material, e.g. articles, Excel 

files, notes, links, will be provided or 
mentioned in the videos

Other
• Production wells compendium (Asheim)
• Book Nodal analysis of Oil and Gas 

production Systems, (Jansen)

Reference material

https://drive.google.com/open?id=1dkRpQOBfkr9tqkSS6f9MDjO4XW-Sy3DS
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• 100% «written» school exam
– Digital exam in Inspera, no written/handwritten material allowed

(equations will be provided in the exam papers)
– Previous years exams
– Make it nice, easy to understand and follow. When provided, use

the Excel template

Evaluation

http://www.ipt.ntnu.no/%7Estanko/files/Courses/TPG4245/Previous_Exams/
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• Mandatory assignments
– All assignments must be approved to get access to the exam
– All assignments must be delivered in Blackboard by the deadline 
– Some assignments will be discussed in class
– Groups of up to 3 people may be allowed for some assignments
– Video exercises are part of the assignments
– Nr. of assignments is not yet known
– Let me know early if there is a deadline conflict with other

courses

Evaluation
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• Flipped classroom 
– Participants watch by themselves pre-recorded videos (ca 15-40 

min) (on Youtube). 
• There are exercises in the videos

– Live classes every week
• Discussing theory, exercises, tutorials on software, Q&A, advanced

topics

Teaching

https://www.youtube.com/playlist?list=PLXfmJjG2tXbpjx6bezD4famP9YtVFEXqw
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• Watch the entire video (can be watched at 1.5-2x speed)
• At certain time stamps (or at the end of the video), the 

videos might have embedded links to other relevant 
videos and material 

• Pause when needed. Try to summarize what was 
presented with your own words. Take notes.

• DO THE EXERCISES BY YOURSELF
• Read the additional material provided, if any

How to watch the pre-recorded videos
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Teaching - streaming
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Teaching – recording?
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Course progress overview – Excel file
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Primary:
• Excel (VBA)
• Pipesim (SLB) or Prosper (PETEX) – Computer lab P2
Secondary:
• Hysys (Aspentech) – farm.ntnu.no 
• Python (Jupyter Notebook) – e.g. using Google 

Colaboratory

Tools
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Questions?
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Positively buoyed structures are moored vertically and keep a pre‐fix tension level. Whenever external loads 

try to displace it, the mooring lines create a lateral tension that brings the structure back in place. The vertical 

motion is therefore limited, but they are subjected to some displacement in the lateral direction. 

6.1. SELECTION OF PROPER MARINE STRUCTURE 

The selection of  the marine structure to employ depends on multiple factors such as water depth, marine 

loads, reservoir structure, soil conditions, future development plans, well artificial lift, among others. Some of 

these factors will be described in more detail next. 

6.1.1. WATER DEPTH 

Figure 6‐3 shows the water depth range of the most common offshore structures for hydrocarbon production. 

For shallow water depths (<450 m) the preferred and most economical option is usually a fixed structure such 

as steel jacket or Gravity Based structure. For medium to deep waters, floating structures are preferred such 

as TLPs, SPARs, FPSOs and Semi‐Subs. For ultra‐deep waters, FPSOs and Spars are more commonly used. 

 
FIGURE 6‐3. WATER DEPTH RANGE OF THE MOST COMMON OFFSHORE STRUCTURES FOR HYDROCARBON PRODUCTION 

6.1.2. LOCATION OF THE CHRISTMAS TREE 

There are two main alternatives where to place the well trees: above (dry), or below (wet) the waterline. This 

has a direct effect on the type of offshore structure to employ because only bottom‐supported structures, 

TLPs and spars have a low enough motion range that is suitable for having dry trees. FPSOs and semi‐subs use 

typically  subsea  wells  (wet  trees),  the  production  is  usually  comingled  with  flowlines  at  the  seabed  and 

transported with  risers  to  the deck.  Field  developments might  employ only  dry  trees,  only wet  trees of  a 

combination of both. 

 

COMPLETION BITE: WELLHEAD ARCHITECTURE 

The wellhead has the following main functions: 

 Provides structural support (suspension point) for all casings and tubing strings. It transfers all loads 

to the ground through the conductor. 

stanko
Rectangle
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 It seals off each annulus at the top (at the bottom such seal is achieved by cementing). This is to avoid 

leakages and to avoid that an outer casing, of a smaller pressure rating, will be exposed to full reservoir 

pressure and therefore fail. 

 Provide a connection point (interface) with the BOP and the Christmas tree. 

 Provide annulus access and monitoring. 

The procedure to deploy a wellhead during onshore drilling operations is described next. The focus is primarily 

on the wellhead thus some details about the drilling process are omitted. The mechanical details of wellhead 

components are simplified for clarity. 

1. Dig the cellar, drill the conductor hole (typically 36 in), run the conductor (typically 30 in and length 

40 m‐120 m) and cement it. Cut the conductor to the desired height (such that the production master 

valve will be easy to operate at ground level). 

 
FIGURE 6‐4. DEPLOYMENT OF THE CONDUCTOR 

2. The BOP is placed, the surface casing hole is drilled (typically 24 in), the surface casing is run (typically 

20 in) and cemented. The well is plugged and the BOP is removed. A baseplate is installed to transfer 

all loads to the conductor and the casing head. The casing head is attached to the surface casing by 

welding, threaded or with slips. 

 
FIGURE 6‐5. RUN OF THE SURFACE CASING AND CASING HEAD 

The casing‐casing head seal is positive‐pressure tested from below with the pressure port. 



Offshore Structures for Oil and Gas Production  M. Stanko

 

  147

 

 
FIGURE 6‐6. DETAILS OF THE PRESSURE PORT ON THE CASING HEAD TO MAKE THE PRESSURE TEST 

3. The BOP is placed, the intermediate casing hole is drilled (typically 17 ½ in), the intermediate casing is 

run (typically 13 3/8 in) and cemented. The casing is hang on the casing head with the casing hanger 

(set of slips, wedge, elastomer and no‐go shoulder). 

 
FIGURE 6‐7. CASING HEAD WITH THE INTERMEDIATE CASING HANGED 

The weight of the casing drives the slips down, presses the wedge that in turn squeezes the elastomer 

and activates the seal. Lockdown screws (that pass through the flange, not shown in the figure) are 

sometimes  used  to  lock  the  upper  part  of  the  casing  hanger  and  avoid  unseating  if  the  casing 

experiences thermal expansion. 

 
FIGURE 6‐8. DETAILS OF THE CASING HANGER (SLIPS AND SEALS) 

The casing hanger can also be screwed, instead of using slips (also known as mandrel‐type hanger). 

A negative pressure test is performed to ensure the casing hanger seal has been set properly. 

4. The well is temporarily plugged, the BOP is removed and the casing spool for the intermediate casing 

is installed (flanged). The casing hanger seal and the gasket are positive‐pressure tested from above 

using the pressure port. 
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FIGURE 6‐9. INSTALLATION OF THE CASING SPOOL TO THE CASING HEAD 

Steps 3 and 4 are repeated as many times as number of intermediate casings are planned for the well. 

5. After all casings are hanged on the wellhead, the tubing head is bolted to the last casing spool. 
The tubing is ran in hole and the tubing hanger is threaded to the last tubing joint. The tubing 
is  then  hanged  on  the  tubing  head.  The  seal  of  the  tubing  hanger  is  activated  with  the 
lockdown screws. 

Depending  on  the  application,  the  tubing  hanger  may  have  a  port  for  hydraulic  lines 
(activation of SSSV, ICV), instrumentation line (pressure and temperature gauges), power lines 
(ESP), etc. 

 
FIGURE 6‐10. FINAL CONFIGURATION OF THE WELLHEAD 

SAFETY STRATEGY FOR WELLS 

 There must be two pressure barriers between the reservoir and the surface (in series) 







Class: 20220825 

-First hour: we watched some videos about onshore and offshore (subsea) well construction, focusing on 
the wellhead. 

• The well construction process: https://www.youtube.com/watch?v=z9eWHpEDRME 
 

• A casing head https://youtu.be/mGqUvtbv9hs 
 

• Installing BOP on a casing head https://youtu.be/HN4zmjBU4KY 
 

• A X-mas tree https://youtu.be/kKzd47G1KVM 
 

• Welding the casing head https://youtu.be/ja5mHG1vGiQ 
 

• A casing hanger https://youtu.be/Phxlvd9z2RQ 
• The drilling process in a subsea well (Dalia, Total) 

https://www.youtube.com/playlist?list=PL6FB4D0F75DF4FBED 
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https://youtu.be/Phxlvd9z2RQ
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-Second hour: Group activity as described in the pdf that follows. 



TPG4245 Autumn 2022 – Prof. Milan Stanko - Class activity (OiW) page 1 of 1 

Class activity: Maximum allowable concentration of oil in water for 
discharge to sea 
 
Offshore oil and gas facilities worldwide must keep the hydrocarbon content of discharges to 
sea below acceptable levels set by authorities. In the North Sea, for instance, the required 
average concentration of hydrocarbons discharged in effluents, such as produced water, must 
be below 30 mg/l (monthly average concentration). 
 
Work in groups to conduct the following activities and answer the following questions 
 

1. Read and understand the definition of ppm https://en.wikipedia.org/wiki/Parts-
per_notation  

2. Who is setting the limit of 30 mg/l in the Norwegian Continental shelf? (tip: do an 
internet search).  

3. What is the average concentration of oil in produced water in the Norwegian 
Continental Shelf? (tip: do an internet search) 

4. How is this requirement monitored and enforced? What are the reporting requirements 
the companies must comply with and to whom must they report?  What happens if this 
is not achieved in a month? (tip: do an internet search)   

5. Assume that an oil platform has been discharging produced water (around 500 000 
stb/d) with an oil concentration of 10 ppm for 15 days in a month. If the water 
processing train suddenly has an emulsification problem, that causes the concentration 
of oil in produced water to increase to 60 ppm, for how many days will the platform 
be able to produce before shutting down to comply with the 30 ppm-in-a-month 
requirement?  

6. As a follow-up to question 5, how many barrels of oil are released in a month by the 
oil platform discharging produced water (around 500 000 stb/d) with an oil 
concentration of 10 ppm. 

7. Set a person in your group to be the controller. Ask this person to close their eyes or 
leave the room while preparations. Using the colorant and the syringe provided, and 
tap water, prepare two containers, one with a 30 ppm solution of colorant in water, and 
one with water only. Ask the controller to open their eyes. See if they can identify 
which one is the one with the colorant. 

8. Find out what is the lethal concentration of oil in water for fish (tip: do an internet 
search) 

9. Using the colorant and the syringe provided, and tap water, prepare a container, with 
the concentration found in task 8. Discuss the differences with the one prepared in 7. 

https://en.wikipedia.org/wiki/Parts-per_notation
https://en.wikipedia.org/wiki/Parts-per_notation


Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)

























Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and Gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and Gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and Gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)

























Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



































































Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and Gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and Gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and Gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Produced with a Trial Version of PDF Annotator - www.PDFAnnotator.com
Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)















 

 

 

 

 

 

 

 

 

20220929 – Presentation by Inflow Control – Haavard Aakre 



Background

• Significant amount of

oil left in the reservoir

• More gas and water

than oil are produced



• Long horizontal wells to ensure maximum reservoir contact
• Friction inside the well
• Heterogeneous reservoirs (permeability and formation variations)

• Non-uniform well drainage creates gas/water breakthrough
• Requires large gas/water handling systems
• Gives reduced production
• Gives reduced recovery

• Conventional ICD can delay the breakthrough problem, but:
• The solution is to stop the gas/steam/water locally

2

Gas

Oil

Water

Challenge



Historical

• 1988-90

• Horizontal well

• 1994

• ICD

• 2006

• RCP



ICD vs RCP



AICV - Autonomous Inflow Control Valve

Characteristics:
– Autonomous; requires no external power or control
– Effective; can stop the gas/water completely
– Reversible; allow oil production after an earlier breakthrough
– Distributed; no limit in number of zones
– Retrofitable; can be installed in new and old wells
– Compatible; with standard completion



Fluid dynamic theory, I

P2
P1

∆𝑝 = 𝑝2 − 𝑝1 = C ∙
1

2
𝜌𝑣2

∆𝑝 = f 𝝆, 𝑣𝟐

p2

∆𝑝 = f 𝝁, 𝑣

∆𝑝 = 𝑝2 − 𝑝1 =
32 𝜇 𝑣 𝐿

𝐷2

Turbulent flow element: Laminar flow element:



P
re
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u
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P inside well

P reservoir DPLaminar

P2_-gas

P2_-water

P2_oil

Different P2 pressure

for gas, water, oil

P2 pressure used to 

actuate the main flow

DPTurbulent

Fluid dynamic theory, II



Design of the AICV
• Large flexibility of design/application;

• ICD strength

• Closed vs. open

• Laminar flow and turbulent flow element

• Area inlet and area pressure chamber

Oil Water
Pilot-

flow:

Turbulent flow element

Laminar flow element

© InflowControl



RCP vs AICV



Arabian Gulf.



Drilling rig



Flow rate



Installation



Canada, Saskatchewan (Weyburn-Midale)



Weyburn-Midale CO2-EOR Project



Conventional WAG EOR

• Non-uniform well drainage creates Gas/water (CO2-) breakthrough

• Poor sweep efficiency

• Gives reduced production



AICV technology with WAG EOR
• AICV choke back the breakthrough zone  

• Gas/CO2 stays in the reservoir

• Oil production from the other zones along the well

• The WAG sweep increases to the whole well

• Maximum WAG sweep are ensured

• When residual oil releases and flows in to the well, the AICV will open again

• Increased storage and contact of Gas/CO2 with the residual oil



© 2020 InflowControl AS

Summary

• At least 50% of the oil is left after shut down
– Main reason: Breakthrough of gas and water 

• New technology developed 
– Increases the oil recovery and production
– Needs no power from surface, utilizing the fluid behaviour through the device
– Choking or closing locally for unwanted fluids
– Producing oil from zones with remaining oil
– Water and gas remain in the reservoir and maintain the reservoir pressure 
– Can be utilized for CO2 – EOR and storage













































Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)





























Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas wells Prof. Milan Stanko (NTNU)



Oil and gas wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)



Oil and gas production wells Prof. Milan Stanko (NTNU)Video 28: Multiphase flow, some fundamentals
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Oil and Gas production wells Prof. Milan Stanko (NTNU)Video 31: Class exercise, pressure drop calculation in wellbore



Oil and gas production wells Prof. Milan Stanko (NTNU)Video 32: pressure drop calculations in wellbore, comparison of different models
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TPG4245 2022 – Assoc. Prof. Milan Stanko - Class exercise 

1. Subsea oil well modeling

Goal: set up a computational model of the well and perform some production engineering analysis.  

Fluid information: 

Use a black oil correlation of Glasø (pb, Rs, Bo) and Beal (viscosity) to characterize your PVT behavior. 

Solution GOR = 142 Sm^3/Sm3 
Producing GOR = 142 Sm^3/Sm^3 
Oil gravity = 37 API (840 Kg/m^3) 
Gas gravity = 0.76 
At initial conditions no water. 

Formation Water salinity = 23000 ppm 
No H2S, CO2, N2. 
Heat capacity of oil = 2.219 KJ/Kg/K 
Heat capacity of gas = 2.1353 KJ/Kg/K 
Heat capacity of water = 4.1868 KJ/Kg/K 

Well layout: 

Deviation survey 

MD [m] TVD [m] 
0 0 

123 122 
1059 1036 
2164 2103 
2640 2560 

Geothermal gradient 

MD [m] T [C] 
0 4 
2640 100 

Overall heat transfer coefficient = 45 W/m^2 K 

Reservoir info: 
Producing from a single layer 
Reservoir pressure = 360 bara 
Reservoir temperature = 100 C 
Water cut = 0% 
Productivity index = 12 Sm^3/d/bara 

Classes in computer room, P2, 20221025, 20221028, 20221101, 20221103
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Tasks 

PVT 
• Determine the bubble point pressure of the oil and gas mixture at reservoir temperature
• Plot Bo, Rs and visco versus pressure at reservoir temperature. Export the curves to Excel.
• Perform a calibration of the BO correlations. Assume that the viscosity of the oil at reservoir

pressure and temperature is known and equal to 1.3 cP.
Pressure transverse calculations 
• Perform a calculation assuming wellhead pressure is 35 bara and oil rate is 1000 Sm3/d.

examine the results and plot versus measured depth the following variables:
o Total pressure gradient, hydrostatic, frictional and acceleration pressure gradient

components
o Liquid holdup and non-slip volume fraction. Compute slip between liquid and gas.
o Gas and liquid velocities
o Temperature

• Repeat the calculations above for a wellhead pressure of 70 bara and oil rate of 1000 Sm3/d.
How does this change affect your results?

• Change the overall heat transfer coefficient to 10 W/m2 K and repeat your calculations. How
does this change affect your results?

• Assume the well is producing with a water cut of 20%. How does this affect your results?
TPR 
• Calculate TPR curves for wellhead pressures equal to 35 bara, 70 bara, and 100 bara.
• Calculate TPR curves for GOR equal to 200, 300 and 600 Sm3/Sm3.
Flow equilibrium 
• Estimate the producing rate using flow equilibrium and wellhead pressure is 35 bara.
• The team is considering using a bigger tubing. Evaluate the effect this could have in the

equilibrium rate.
• Assume the well is producing with a water cut of 20%. How does this affect your results?



November 1, 2022

Rune Husveg, PhD
R&D Manager

Low Shear

- What?
- Why?

- Where?
- How?

- What’s next?



• Produced water definition

– …water which is produced in oil and/or gas production operations and includes formation water, 
condensation water and re-produced injection water; it also includes water used for desalting oil.

• Origin/Characteristics

• Water to oil ratio

3:1 –> 4:1

90% NCS

• 40% discharged globally

• Discharge limit

30 mg/l

Produced water definition, origin, and characteristics

Gas

Water

Oil

Field

Well

To Production platform

OSPAR
PSA 



Produced water management

SPE-205016-PA 
SPE-159713-PA



Gravity separation

Stokes’ law:

𝑣𝑡 =
𝜌𝑤 − 𝜌𝑜 ∙ 𝑔 ∙ 𝑑2

18 ∙ 𝜇𝑤

𝐹𝑑 = 𝐹𝑔

𝐹𝑔 =
𝜋 ∙ 𝜌𝑤 − 𝜌𝑜 ∙ 𝑔 ∙ 𝑑3

6
𝐹𝑑 = 3 ∙ 𝜋 ∙ 𝜇𝑤 ∙ 𝑣𝑡 ∙ 𝑑

𝑑 droplet diameter

𝐹𝑑 drag force

𝐹𝑔 settling force

𝑔 gravitational acceleration

𝑣𝑡 terminal velocity

𝜇𝑤 water dynamic viscosity

𝜌𝑜 oil density

𝜌𝑤 water density

vt
Fg

Fd



𝑣𝑡 =
𝜌𝑤 − 𝜌𝑜 ∙ 𝑔 ∙ 𝑑2

18 ∙ 𝜇𝑤
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Enhanced gravity separation - Hydrocyclone

𝑔 = 𝑎𝑟 =
𝑣𝑇

2

𝑟

𝑣𝑡 =
𝜌𝑤 − 𝜌𝑜 ∙ 𝑣𝑇

2 ∙ 𝑑2

18 ∙ 𝜇𝑤 ∙ 𝑟

Source: Schlumberger

𝑎𝑟 radial acceleration

𝑟 distance from cyclone center

𝑣𝑇 tangential velocity
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Droplet size distribution – dv50
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Droplet size distribution – %Vd<dlim

%Vd<7.5μm = 20%

%Vd<7.5μm = 75%

dlim = 7.5 μm

SPE-195591-PA



Droplet size distribution – %Vd<dlim -> EHC

EHC ≈ 28%

EHC ≈ 67%

EHC ≈ 82%
EHC ≈ 94%

SPE-195591-PA

dlim = 7.5 μm



Droplet size development

• High intensity turbulence → droplet break-up and emulsions

• Low intensity turbulence can cause droplet coalescence

Source: Wikipedia



https://youtu.be/xZ8LWVUDuoQ

https://youtu.be/xZ8LWVUDuoQ


Droplet breakup

𝑑𝑚𝑎𝑥 ∝
𝜎

𝜌𝑐

ൗ3 5

∙ 𝜀 ൗ−2
5

1. Dispersed droplets formed by the surrounding water
2. Shear stress due to turbulence elongates and increases surface area
3. Droplet breaks into smaller droplets reduce the surface area

𝑑 droplet diameter

𝜀 energy dissipation per unit mass

∆p pressure drop

𝑄 flow rate

𝑉𝑑𝑖𝑠 dissipation volume

𝜎 interfacial tension

𝜌c continuous phase density

Hinze 1955
SPE-205016-PA 

𝜀 =
∆𝑝 ∙ 𝑄

𝜌𝑐 ∙ 𝑉𝑑𝑖𝑠

Low shear valve



Droplet-droplet coalescence

Film drainage model

1. Collision of droplets

2. Drainage of fluid film

Coalescence rate governed by

• Turbulence intensity

• Number and size of droplets

• Fluid properties (e.g., viscosity, density and interfacial tension)

Collision frequency

Coalescence probability

Total time



https://youtu.be/pQAGm0q-yp4

https://youtu.be/pQAGm0q-yp4


Benefits of low shear oil production

• Increase production

• Longer production

• Cleaner production

• More compact separation systems

• Cost-efficient debottlenecking



Challenges with shear in oil production

Pictures: www.norskpetroleum.no

Brownfield challenges

• Limited capacity to increase production or tie-back new 

satellites to current facilities

• Expensive solutions to debottleneck processing capacity 

on mature fields

Low shear benefits

• Higher production rates 

• Faster separation through lower retention times

• Longer profitable production

• Extended life of existing equipment/fields

• Better opportunities for tie-backs



Challenges with shear in oil production

Pictures: www.norskpetroleum.no

Greenfield challenges

• Costly to develop marginal fields

• Process plants with big footprint

Low shear benefits

• More compact separation systems

• Smaller separators

• Fewer separation- and PW handling stages

• Cleaner production

• Less use of chemicals and heating

• Less emissions to the sea



Typhonix AS

Typhonix develops LOW SHEAR process 
equipment for cost efficient oil production

• Established in 2006

• Office and test facilities near Stavanger, Norway

• Core competence in combined fields of petroleum flow 

control and oil/water separation

• Technology development together with leading oil 

companies

http://www.conocophillips.com/index.htm
http://www.shell.no/


Typhonix low shear technologies

for oil and gas production



Typhoon® valve system

PILOT TEST

OSEBERG C

45% reduction
of oil in the

produced water

PROTOTYPE

TEST EQUINOR

50-90% reduction
of oil in the

produced water

60% reduction
of oil in the

produced water

INSTALLATION

TROLL C

Typically double Dv50 
compared to 

conventional valves

PRODUCED 

WATER TESTING
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Typhonix low shear pumps

• Installed offshore Malaysia as feed pumps (2 x 100%) to a filter system

• Design chosen for high reliability and low shear performance

• In continuous operation since August 2017
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Case studies and field results



Increasing separator capacities and

enabling higher well production rates

Example 1:



Separator debottlenecking

• Conventional approach:

• Modification of separator internals

• Use of compact inline separation equipment

• Low shear approach:

• Install low shear choke/LCV

• Brownfield case study:

• Maintain constant OiW and WiO d/s separator

• Expect 10 to 15% increase in droplet size (conservative)

• Result: 20 to 30% increase in liquid flow rate

• Greenfield case study:
• 15 to 20% reduction in liquid separation volume
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Extending the profitable period of 

late-life field production

Example 2:



Low shear water LCV installed in Australia 

Challenge:

• Upgrading of production capacity and extending the operational lifetime of FPSO

• Limits on oil content in the overboard discharge (less than 30 ppm)

Solution:

• Low shear valve installed between hydrocyclone and compact flotation unit

Result:

• 23% improvement of CFU efficiency

Operation conditions:

• Inlet pressure: 4.5 – 5 barg

• Outlet pressure 2.3 barg

INSTALLATION 

FAR EAST

23% improvement of 
CFU efficiency

SPE-205016-PA 



Example 3:

Designing greenfield process plants 

with a smaller footprint



Separator optimization with focus on footprint



Example 4:

Reduced chemical consumption



Flocculant

• Flocculant dosing is dependent on OiW concentration

• Case study for Oseberg C

– 45% reduction in OiW with Low shear valves

– 37 to 110 ton reduction in flocculant injection per year

– € 30.000 to 100.000 potential annual savings in flocculant

• Additional potential to reduce demulsifier injection

Effects on chemical consumption

University of Stavanger 2013



Typhonix coalescing technologies



Typhonix coalescing pumps
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Typhonix coalescing pumps

SPE 195591



34

Typhonix coalescing pumps – optimizing algorithm

Doctoral Dissertation 2019



Typhonix coalescing valve

Energy dissipation used for droplet growth rather than 
droplet breakup

Level of turbulence independent of capacity

Two design criteria:

• Capacity

• Turbulence intensity

NFR Project 327844



Typhonix coalescing valve – potential applications

NFR Project 327844



%Vd<7.5μm = 75%

Typhonix coalescing valve – potential applications
75

%
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%Vd<7.5μm = 20%

NFR Project 327844



Summary

• Low Shear

- What? – Increased treatment efficiency through reduced droplet breakup

- Why? – Increased production rates, extended profitable production, reduced plant size, 
reduced chemical consumption and reduced environmental emissions.

- Where? – Throughout the whole process plant, but the earlier the better 
(low shear choke > low shear control valve >> standard valves)

- How? – Replace standard equipment with low shear alternatives, where reduced 
turbulence intensity reduces shear forces and droplet breakup

- What’s next? – Coalescing technologies, online monitoring and intelligent control



Some sources and further reading
• OSPAR. Recommendation 2001/1 for the Management of Produced Water from Offshore Installations, 2001.

• Petroleum Safety Authority Norway. Regulations Relating to Conducting Petroleum Activities (The Activities Regulations), 2017.

• Hinze, J. O. . Fundamentals of the hydrodynamic mechanism of splitting in dispersion processes. A.I.Ch.E. Journal, 1(3):289{295, September 1955.

• Walsh, J. M. The Savvy Separator Series: Part 5. The Effect of Shear on Produced Water Treatment. Oil and Gas Facilities, 5(1):16—23, February 2016. SPE-0216-0016-OGF.

• Walsh, J.M. 2015. Produced-Water-Treating Systems: Comparison of North Sea and Deepwater Gulf of Mexico. Oil & Gas Facilities 4 (2): 73—86. SPE-159713-PA . http://dx.doi.org/10.2118/159713-PA.

• Husveg, T. 2007. Operational Control of Deoiling Hydrocyclones and Cyclones for Petroleum Flow Control. PhD dissertation, University of Stavanger, Stavanger, Norway.

• Husveg, T., Bilstad, T., Guinee, P. et al. 2009. A Cyclone-Based Low Shear Valve for Enhanced Oil-Water Separation. Presented at the Offshore Technology Conference, Houston, Texas, 4—7 May. OTC-
20029-MS. http://dx.doi.org/10.4043/20029-MS.

• Husveg, R., Husveg, T., Teeffelen, N. van, Ottestad, M., and Hansen M. R. Performance of a Coalescing Multistage Centrifugal Produced Water Pump with Respect to Water Characteristics and Point of 
Operation. In Proc. of the Produced Water Workshop, Aberdeen, United Kingdom, June 2016.

• Husveg, R., Husveg, T., van Teeffelen, N. et al. 2018. Improving Separation of Oil and Water with a Novel Coalescing Centrifugal Pump. SPE Prod & Oper 33 (4): 857–865. SPE-188772-PA. 
https://doi.org/10.2118/188772-PA.

• Husveg, R., Husveg, T., van Teeffelen, N. et al. 2019. Automatic Operation and Control of a Novel Coalescing Centrifugal Pump for Improved Oil/ Water Separation. SPE Prod & Oper 34 (3): 508–519. 
SPE-195591-PA. https://doi.org/10.2118/195591-PA.

• Husveg, R. 2019. Tracking Maximum Produced Water Treatment Efficiency Using a Variable Speed Coalescing Centrifugal Pump. Doctoral Dissertation, University of Agder. 

• Husveg, R., Husveg, T., Teeffelen, N.V. et al. 2020. Variable Step Size PandO Algorithms for Coalescing Pump/Deoiling Hydrocyclone Produced Water Treatment System. Modeling, Identification and 
Control 41 (1): 13—27. http://dx.doi.org/10.4173/mic.2020.1.2.

• Teeffelen, N.V., Husveg, R., and Verwey, R. 2018. Low shear valve simplifies separator debottlenecking. International Edition, Offshore Magazine 78 (11): 54—57. ISSN 0030-0608

• Husveg, T., Husveg, R., Teeffelen, N.V. et al. 2022. Reviewing Cyclonic Low-Shear Choke and Control Valve Field Experiences. SPE Production & Operations 37 (1): 17—32. SPE-205016-PA. 
http://dx.doi.org/10.2118/205016-PA.

• Vastvåg, H. 2013. Potential effect of the typhoon valve, case study of Oseberg C platform. University of Stavanger. 

• Dalen, B.S. 2012. Development of multiphase sampler (Videreutvikling av prøvetaker). Norwegian University of Science and Technology.

• Foslie, S.S. 2013. Design of Centrifugal Pump for Produced Water. Norwegian University of Science and Technology. 

• Nocente, A. Separation Friendly Produced Water Pumps. PhD thesis, Norwegian University of Science and Technology, 2016.

• youtube.com/TyphoonMPS

• linkedin.com/company/typhonix-as

• typhonix.com/learn-more-about-low-shear

http://dx.doi.org/10.2118/159713-PA
http://dx.doi.org/10.4043/20029-MS
https://doi.org/10.2118/188772-PA
https://doi.org/10.2118/195591-PA
http://dx.doi.org/10.4173/mic.2020.1.2
http://dx.doi.org/10.2118/205016-PA
http://www.youtube.com/TyphoonMPS
https://www.linkedin.com/company/typhonix-as
https://www.typhonix.com/learn-more-about-low-shear


For more information contact:

Rune Husveg, PhD
R&D Manager

rune.husveg@typhonix.com
www.typhonix.com

+47 918 63 788



TPG4245 2022 – Assoc. Prof. Milan Stanko - Exercise using production engineering simulation 
software 

General information about the delivery: 

• You can use Prosper or Pipesim to make your calculations. It is recommended you use a 
different software for each problem such that you can practice both. 

• The computer laboratory P2 will be available for you to work on the exercise in the following 
time-slots:  

o 8.11, 10:15-12:00 
o 10.11, 08:15-11:00 
o 15.11, 10:15-12:00 
o 17.11, 08:15-12:00 

The student assistant will be in the room during the sessions. 

• Make your own plots in Excel using the data from the software. Do not present charts taken 
directly from the software. 

• Make a document (short report) with the answer to the questions. Add some discussion and 
analysis to the plots. 

1. Subsea oil well modeling  

Goal: set up a computational model of the well and perform some production engineering analysis.  

Fluid information: 

Use a black oil correlation of Glasø (pb, Rs, Bo) and Beal (viscosity) to characterize your PVT behavior. 

Solution GOR = 142 Sm3/Sm3 
Producing GOR = 142 Sm3/Sm3 
Oil gravity = 37 API (840 Kg/m3) 
Gas gravity = 0.76 
At initial conditions no water. 

Formation Water salinity = 23000 ppm 
No H2S, CO2, N2. 
Heat capacity of oil = 2.219 KJ/Kg/K 
Heat capacity of gas = 2.1353 KJ/Kg/K 
Heat capacity of water = 4.1868 KJ/Kg/K 

Well layout: 

Deviation survey 

MD [m] TVD [m] 
0 0 

123 122 
1059 1036 
2164 2103 
2640 2560 

Geothermal gradient 

MD [m] T [C] 
0 4 
2640 100 



TPG4245 2022 – Assoc. Prof. Milan Stanko - Exercise using production engineering simulation 
software 

 

Packer depth (MD): 2500 m 

Overall heat transfer coefficient = 45 W/m^2 K 

Reservoir info: 
Producing from a single layer 
Reservoir pressure = 360 bara 
Reservoir temperature = 100 C 
Water cut = 0% 
Productivity index = 12 Sm3/d/bara 
Tasks 

PVT 
• Determine the bubble point pressure of the oil and gas mixture at reservoir temperature 
Flow equilibrium 
• Estimate the producing rate using flow equilibrium and wellhead pressure is 35 bara. Plot versus 

measured depth the following variables:  
o Total pressure gradient, hydrostatic, frictional and acceleration pressure gradient 

components 
o Liquid holdup and non-slip volume fraction.  
o Compute slip between liquid and gas velocities (Vg/Vl). 
o Gas and liquid velocities. 
o Temperature.  

• The team is considering using a bigger tubing. Evaluate the effect this could have in the 
equilibrium rate (consider tubing sizes of 2,3,4,5,6”). 

• Calculate equilibrium rates for water cuts of 0, 20, 50 and 90% 
• Calculate equilibrium rates for reservoir pressures equal to 360, 300, 250 and 200 bara. 
• Evaluate the effect of at least two pressure drop correlations on the equilibrium point. 
• Consider gas lift. Add a gas-lift injection valve at a depth of 2450 m. Consider wellhead pressure 

of 35 bara. Make a plot of oil production versus gas injection rate. Report the GLR (gas liquid 
ratio) for all the points. Determine the optimal gas lift injection rate that gives highest reservoir 
oil production.  

 

 



TPG4245 2022 – Assoc. Prof. Milan Stanko - Exercise using production engineering simulation 
software 

2. Snøhvit subsea gas well modeling 

Fluid information: 

Use the compositional PVT model for your PVT behavior. 

Component  Moles  
Water  0  
Methane  78  
Ethane  8  
Propane  3.5  
Isobutane  1.5  
Butane  1.2  
Isopentane  0.8  
Pentane  0.5  
Hexane  0.5  
C7+  6 

 

Properties for pseudo component C7+: Molecular weight: 115, specific gravity: 0.683 

Well layout: 

Deviation survey 

MD [m] TVD [m] 
0 0 

2100 2100 
Geothermal gradient 

MD [m] T [C] 
0 4 
2100 92 
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Flow in tubing only, tubing diameter 0.15 m 

Overall wellbore heat transfer coefficient = 30 W/m2 K 

Reservoir info: 

Producing from a single layer 
Reservoir pressure = 276 bara 
Reservoir temperature = 92 C 
Backpressure coefficient = 1000 Sm3/d/bara 
Backpressure exponent = 1 

Tasks:  

• Determine the saturation pressure of the fluid at reservoir temperature.  
• Plot the phase envelope of reservoir fluids. 
• What is the condensate gas ratio, and the water gas ratio of the well? 
• Estimate the producing rate using flow equilibrium assuming that the well is producing 

against a constant wellhead pressure of 100 bara. 
• Calculate equilibrium rates for wellhead pressures equal to 100 bara, 120 bara, and 150 bara. 
• Add a wellhead choke with size 16/64”. Report the new equilibrium rate and temperature 

downstream the choke. 
• Pressure gradient calculations: Perform a calculation assuming wellhead pressure is 100 bara 

and gas rate is 3 E06 Sm3/d. Examine the results and plot versus measured depth the 
following variables:  

o Total pressure gradient, hydrostatic, frictional and acceleration pressure gradient 
components 

o Liquid holdup and non-slip volume fraction. Compute slip between liquid and gas. 
o Gas and liquid velocities 
o Temperature 





























ESP

motor

https://jpt.spe.org/legends-artificial-lift-part-3-history

Depletion

Oil and gas production wells                                                    Lecture 27                                                                      Prof. Milan Stanko (NTNU)



Other important components:
-other gas-handling equipment (after the 
gas separator)
-Check valve (above the pump)
-Bleeder valve (above the check valve)

http://www.orisun.asia/Products.asp?dl=111&xl=165

http://www.orisun.asia/Products.asp?dl=111&xl=
164

Oil and gas production wells                                                                                                                                                    Prof. Milan Stanko (NTNU)



-Upthrust
-Downthrust

Stage: impeller+diffuser

Oil and gas production wells                                                                                                                                                 Prof. Milan Stanko (NTNU)
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Single stage vs multi-stage

-Bench test
-Definition of head

Oil and gas production wells                                                                   Lecture 38                                                                        Prof. Milan Stanko (NTNU)



Variation of frequency - why?

Analytical estimation:

ESP
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Depletion
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Hydraulic efficiency
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Lecture 39 - Flow performance of ESP - part 2
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analytical 
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LEGEND 

Not included in Exam 

Less relevant for exam 

 

Course content (covered in Youtube video lectures) 

• Introduction (well layout, production engineering domain) 

• Flow equilibrium 

• Inflow performance relationship 

– Undersaturated Oil 

• Radial and horizontal wells 

• Water coning 

– Dry Gas 

• High velocity flow 

– Saturated oil 

• Choke performance 

• Tubing performance 

– Dry Gas flow 

– Tubing size considerations 

– Multiphase flow of oil, gas and water 

• Artificial lift 

– Gas lift 

– Electric submersible pump 

• Temperature calculations in wellbore 

 

Class activities 

-Theory: Wellhead architecture, well construction and wellhead onshore versus subsea 
-Group work: Content of oil in produced water discharged to sea 

-LINEST Excel function 
-Flow equilibrium example with incompressible liquid and the Bernoulli equation 
-Group activity: casing hanger puzzle 

-Class exercises about Flow Equilibrium 
-Discussion on Rp (GOR) and class exercise with Hysys 
-Class activity with Hysys - Bo calculation 
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-Bo calculation with BO correlations and Prosper 
-IPR for water injection, Skin factor 
-Water properties (Bw, viscw) 

-Class Exercises on undersaturated oil IPR and downhole networks 
-Hardware showcase (ICV, Packer, SSSV, choke) 

-CO2 emissions and energy accountancy 
 

-IPR for CO2 injection well 
-Choke class exercises 
-Expansion in choke of CO2 

 
-Exercise on saturated oil IPR (Borthne field) 
-Composite IPR for undersaturated-saturated oil wells 
-Mechanical properties of tubing 

-Learn Prosper and Pipesim 

-Gas condensate IPR 

Company presentations 

• Inflow control (autonomous ICV) 
• Typhonix (low shear/coalescing pump and choke) 

Industry visits 

• Shawcor AS (spoolbase) 

 

Mandatory Exercises 

• Flow equilibrium (natural flow, wellhead compressor and choke) 
• Time to steady state in formation 
• BO properties and IPR for undersaturated oil vertical well 
• Estimation of productivity index J for vertical and horizontal undersaturated oil well 
• Water coning  
• OiW content 
• Flow equilibrium questions and dry gas natural flow equilibrium 
• Vertical Dry gas well IPR 
• Vertical Saturated oil well IPR (Evinger & Muskat, Fetkovich, Vogel) 
• Choke flow performance 
• Temperature change in choke 
• Estimation of IPR and production of well with 2-layers undersaturated oil reservoirs with and 

without ICV, horizontal or vertical 
• Pressure drop in tubing for dry gas  
• Flow equilibrium at bottom-hole and wellhead for dry gas with the tubing equation 



TPG4245. Summary of content covered – Autumn 2022 
 

Assoc. Prof. Milan Stanko (NTNU) 

 
• Pressure drop, TPR calc in tubing for multi-phase flow (drift flux and mechanistic) 
• IPR for CO2 injector 
• Choke flow performance – Using the model to predict rate, outlet pressure or inlet pressure. 
• Gas lift 
• ESP 
• Temperature calculations 
• Exercise with Prosper or Pipesim 
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