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

• Teaching assistant: Even Hognestad, 
evenhog@stud.ntnu.no

• Lecture schedule (starting 19.08)
– Mondays, 14:15-16:00 (theory and exercises) – P10
– Fridays, 08:15-10:00 (theory and exercises) – P11
– Fridays*, 11:15-12:00 (TA) – P10

• Course description

Information

*EXCEPT First week

mailto:milan.stanko@ntnu.no
mailto:evenhog@stud.ntnu.no
https://www.ntnu.edu/studies/courses/TPG4245


3

• Production performance of wells and gathering systems. 
• Addresses the integrated production and injection 

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, CO2 injection systems, and natural 
gas storage subsurface 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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At the end of the course, the student should be able to:
• Have a good starting point to apply the knowledge 

obtained to other areas such as pipe transport and wells 
of CO2, hydrogen, natural gas storage and geothermal 
energy.

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

– Undersaturated Oil
• Radial and horizontal wells
• Water coning

– Dry Gas
• High velocity flow

– Saturated oil 
– Gas condensate
– Water, CO2 injector

• Choke performance
• Tubing performance

– Incompressible liquid
– Dry Gas flow
– Tubing size considerations
– Multiphase flow of oil, gas and water
– CO2 flow

• Mechanical properties and stress calculations in tubulars
• Artificial lift

– Gas lift
– Electric submersible pump

• Temperature calculations in wellbore

Course content
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• Practical SI units only (bar, m3), no field units (psi, bbl, cf).
• Less 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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• MTPETR. Petroleumsfag - master (5 year master)
• MSGEOS. Geoscience and georesources (2-year International 

master program).
• MSG1. Petroleum Engineering (2-year International master 

program).
• MIUVT. Undervannsteknologi (2 year master)
• Mechanical engineering (5 year program)
• Exchange (Erasmus) students
• PhD candidates

Students background
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• (Spring) TPG4145 (Reservoir fluids and flow). 
– 3rd year course Mandatory for Petroleumsfag - master (sivilingeniør) (5-årig) –

Hovedprofil: Petroleumsteknologi.
– 1st year course mandatory for Geoscience and georesources (2-year 

International master program)
– Topics:

• PVT properties. 
• Dry gas flow equations (tubing and IPR). 
• Undersaturated oil IPR equation.
• Saturated oil Fetkovich IPR equation

• TPG4150 (reservoir recovery techniques). Several IPR models 
(undersaturated oil, dry gas, saturated oil, gas condensate).

• TPG4175 (Petrophysics, well logging). Reservoir properties and 
geometry.

Connection with other courses
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• Lectures until 22 November 
• Consultation time: preferably after class. Try to make an 

email appointment.
• Reference group – any volunteers?
• Use Blackboard to navigate the course

– 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
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• 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
– Tentatively 3 assignments
– 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 

How to watch the pre-recorded videos
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• Pause when needed. Try to summarize what was 
presented with your own words. Take notes.

• DO THE EXERCISES BY YOURSELF

How to watch the videos
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• Read the additional material provided, if any

How to watch the videos
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Teaching - streaming
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Teaching – recording?
• Live lectures will be recorded (only the screen of Milan’s 

computer and voice) and uploaded to Blackboard
• There will be some things that will not be properly 

captured by the recording (when Milan points to the 
screen, comments from people in the audience, etc)

• But despite of having the recording available, try to come 
to class in person, having people in the room allows to 
have discussions and interactions
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Course progress overview – Excel file

Link

https://docs.google.com/spreadsheets/d/1FI2St5L5a15PVWGPNfxOGYxPs7bkHWv8Dhl8D465LSQ/edit?gid=0#gid=0
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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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Approx. student time required
Item hrs

Student time required for a 7.5p course (source) +200 
Live classes (14•4) -56
TA sessions (13•1) -13
Final exam (4 exam+40 prep) -44
Video watching (1X speed) -19.5
Video exercises -8
Remaining (e.g. mandatory exercises, etc.) +59.5

https://discourse.it.ntnu.no/t/studentens-arbeidstimer-per-7-5-stp/410
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Questions?



ONSHORE WELL DRILLING (easier to visualize and understand)

Digging the cellar:

Installing the 36”, 40-120 m 
conductor (drilled, piled, jetted, 
etc):

Surface casing (20”):

The conductor carries all the well loads 
(everything inside) and transfers it to the soil

BOP connection Drilling hole

Running casing Cementing

Installing 
casing head

Installing 
casing head

welding 
casing head*

Check weld sealing using the 
pressure port and a hydraulic 
pump (the violet dot is high 
pressure and should not leak out 
through the welding). The well is 
essentially a pressure vessel 
protecting outside from inside!!

X

Intermediate casing (13 3/8”):

BOP connection 
(flanged)*

sequence extracted from*

Wear bushing 
installation 

The casing bowl 
is used as a seal 
surface later, so it 
should be 
protected from 
scratching with 
the drill bit and 
drill string

Drilling hole
Running casing (when 
at the bottom, keep it 
hanged rig (tension)

Cementing (either all way to 
surface or with significant 
overlap with previous casing)

Install casing hanger: 
• slips to create attachment 

between casing and hanger
• wedge: to press the 

elastomer against no-go 
shoulder

• elastomer, to expand 
laterally when pressed and 
create seal (high pressure 
above, low pressure below)

• No-go shoulder, to transfer 
load to casing bowl

Slip similar to drilling 
slips* Casing hanger 3D 

view
Casing hanger* Slip marks on casing *

Install casing spool. “flange-up” 
and test seals by pressurizing 
through the pressure port. Every 
seal should be tested by 
applying high or low pressure 
depending  where it will have it 
during normal operation. source

Intermediate casings and 
production casing (9 5/8”): Repeat process shown above for intermediate casing!

Pressure rating of inner 
casing higher than outer 
casing (here production 
casing 10 000 psi, 
intermediate casing 
5000 psia, surface 
casing 3000 psia)

The only annulus that 
might be connected to 
facilities (for production 
of injection) is the 
production casing 
annulus (A). However, 
valves and pressure 
transducers are installed 
in the others (B,C) to 
monitor if there are 
pressure increases 
(indicates leakages e.g. 
due to casing hangers 
seals or cement fails)

Lower completion and tubing:

BOP connection 
(flanged)

Drilling 
hole

Lower completion. Equipment/materials usually 
needed: packers (seals), hangers (fix tubulars to 
casing), drilling (drilling laterals), liners (tubulars 
that don’t go to surface), perforating gun (establish 
connection between reservoir and well), cement 
(isolate reservoir from well).

some options (single zone), (multi-zone)

Run tubing and hang 
it with tubing hanger

threaded 
hanger

Install X-mas tree:

lower master valve (manually operated)

upper master valve (remotely operated)

swab valve (to perfom light intervention on well)
Choke (control valve)

redundancy

wing valve

X-mas tree

wellhead/ upper 
completion

wing, masters, and swab are gate valves (only open or 
close)

Fail-safe 
mechanism 
(closes if 
hydraulic fluid 
pressure drops 
thanks to spring)

source

annulus master 
valve

PLATFORM WELL DRILLING

Force from soil

Force from all things inside

wellhead deck
x-mas tree deck

conductor

similar to onshore drilling, but the 
conductor is extended above the 
mudline and into the platform. 

Stanko, v1(2024)

mudline Differences from onshore: x-
mas tree is a solid steel block, 
more robust

Differences from onshore: less flanges, fast 
clamp connectors instead (less screws)

clamp gasket

Lockdown screws are often used to ensure 
hangers stay in place. When there is thermal 
expansion of tubing and casing, the hanger 
could be pushed upwards, releasing the 
slips and disengaging the seal.

Tubing hanger has “holes” to e.g. chemical 
injection, pressure gauge, hydraulic lines for 
subsurface safety valve, etc

https://www.youtube.com/watch?v=ja5mHG1vGiQ
https://www.youtube.com/watch?v=HN4zmjBU4KY
https://www.youtube.com/watch?v=z9eWHpEDRME
https://www.youtube.com/watch?v=GT3fDAvrMeY
https://www.youtube.com/watch?v=Phxlvd9z2RQ
https://www.youtube.com/watch?v=Phxlvd9z2RQ
https://www.youtube.com/watch?v=mGqUvtbv9hs
https://www.youtube.com/watch?v=kKzd47G1KVM




SUBSEA WELL DRILLING Stanko, v1(2024)

• There is a wellhead housing, 
usually attached to the top of 
the surface casing and resting 
on the conductor. All wellhead 
items will be inside. It might 
have some section changes to 
hang casing and grooves to 
latch “stuff”.

Horizontal tree vertical tree
• Tubing hanger is at the top of the x-mas 

tree. This allows to replace tubing 
without removing x-mas tree. In the 
past, SS tubing was expensive, so it was 
necessary to change it more frequent 
that X-mas tree. Nowadays, SS tubing 
price is ok.

• Valves are sideways
• Tubing hanger has a hole, needs to be 

oriented with the hole in the x-mas tree 
block.

• Tubing hanger is part of the 
wellhead (tubing lasts longer than 
x-mas tree)

• Valves are vertical
• Long tree, which can create 

stresses on the wellhead due to 
bending while intervention

• The production annulus is 
accessed through the hanger, 
which reduces the max tubing size 
allowed and number of ports

H4 connector, hydraulically driven, for connection to 
wellhead –BOP, X-mas tree-wellhead, intervention, etc.

conductor
Surface casing

Interm. casing

no-go shoulder

• Two types of wells:

• Tubulars 
usually have at 
the top part the 
no-go, and 
above it a 
“bowl” to hang 
the next casing. 

Packoff assembly (equivalent to 
casing hanger seal) 

Lock mechanism (equivalent to 
lockdown screw) 

3D images taken from *

https://www.youtube.com/playlist?list=PL6FB4D0F75DF4FBED
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https://www.yumpu.com/en/document/view/4429451/tordis-incident-2008
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https://www.halliburton.com/en/software/decisionspace-365-enterprise/decisionspace-365-reservoir-and-production/netool-software


https://www.youtube.com/watch?v=pD_gMn7xHhA
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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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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

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

Depletion
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Hydraulic efficiency

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

Lecture 39 - Flow performance of ESP - part 2
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analytical 
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https://www.petex.com/the-company/


TPG4245 2024 – 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 
 



TPG4245 2024 – Assoc. Prof. Milan Stanko - Class exercise 

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? 
 



Transient flow
20241111

Presentation by Prof emeritus Harald Asheim



Transient, multiphase flow in pipe
.   

• In multiphase piplelines, liquid slugs, large enough to «drown» the processing plant, had been experienced.  This led to 
development of the OLGA-program, supported and verified by measurements from the large scale experimental facility at 
Tiller.  It enabled prediction of transient multiphase performance, providing basis for safe operation. So, the task of 
predicting transient multiphase flow may be considered solved… ?

• Is further R&D is worthwhile?  This old professor-emeritus thinks so. And it may be supported by field measurements. 

• This presentation outlines the basics of transient multiphase flow and how it may be predicted….. 

• Content
1 Field measurements
2 Physics
3 Mathematical modelling
4 Numerical solution



Field measurements, Heidrun well

Ref.: Verification of Transient, Multi-Phase Flow Simulation for Gas Lift Applications, SPE 56659. 



 Physics

Wave=Some recognizable change that moves through space

In 1 phase phase flow: compression waves (change of pressure and velocity)

In  2 phase flow
                            • Pressure & velocity change   : Compression waves. Fast 
• Fraction change                       : Kinematic waves*. Slow 

* aka: «continuity waves» , «density waves»



Initial:   Steady state flow

Gas inflow twice as high as liquid

Liquid fraction in pipe 50%.
This due to slippage



5 seconds after increased water inflow 
                  



10 minutes after increased water inflow 
The pressure wave has passed
Fraction change proceeds along the pipe



Performance
The first minutes, the water inflow increase has little effect on the outflow. 
 After 15 minutes, the increased fraction reaches the outlet and liquid outflow will increase  
 After some more time, liquid outflow will stabilize and new steady state reached



Mathematical modelling 
   (Transient contributions in red frames) 

1 Pressure balance of flowing mixture

2 Mass balances for gas and liquid phases

3 Drift flux relation: g o l ov C v v= +

4 Density relations:    ( ), ,......ρg p T ( ), ,.....ρl p T



«Processed Equations »  
            
Mathematical manipulations of the modelling equations above results in:
Reduction from the 3 pdf equations to 2: One pressure equation and a total mass balance 



Numerical solution 
Discretization of the 2 pdf equations leads to the matrix: Ax=b
Prediction of pressure and velocity change in time and space by inversion:  

Given pressure and velocity, fraction is updated explicitly (no matrix inversion)



TPG4245 2024 – Assoc. Prof. Milan Stanko - Exercise using production engineering simulation 
software 

1. 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 

TVD [m] T [C] 
0 4 
2100 92 

 

 



TPG4245 2024 – Assoc. Prof. Milan Stanko - Exercise using production engineering simulation 
software 

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 
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