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

• Teaching assistant: Ali Hamdan 
ali.hamdan@ntnu.no

• Lecture schedule 
– Thursdays, 08:15-10:00, P1 (theory and exercises)
– Fridays, 10:15-11:00, P12 (session with TA)
– Fridays, 12:15-14:00, P11 (theory and exercises)

• Course description

Information

mailto:milan.stanko@ntnu.no
mailto:ali.hamdan@ntnu.no
https://www.ntnu.edu/studies/courses/TPG4230
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• Field development workflow
– Lifecycle, production modes, bottlenecking, onshore vs. offshore.

• Field production performance
– Computation of production profile, production scheduling, extending plateau, production potential, boosting, 

networks

• Value chain model, cost estimation and NPV calculations
• Dealing with uncertain parameters in Field Development

– Monte Carlo, Decision and probability trees

• Offshore structures
– Layout of production systems, Marine loads

• Flow assurance considerations in field development

Course content



4

Goals of the course

● Appreciation, orientation
● Configuration and layout
● Design, dimensioning, simulation
● Troubleshooting, investigative engineering
● Game changer

HIGH MEDIUM LOW

Basic Engineering Skills required
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• A selection of topics and petroleum engineering skills needed 
for the planning, development and operation of oil and gas 
fields and to understand, model and analyze their production 
performance

• Topics typically covered in the course (with varying degrees of 
detail) are: life cycle of a hydrocarbon field, field development 
workflow, probabilistic reserve estimation, project economic 
evaluation, offshore field architectures and production 
systems, reservoir depletion and field performance, 
production scheduling, flow assurance, flow design of 
boosting, field processing facilities, export product control and 
integrated asset modeling

Course scope
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At the end of the course, the student should be able to:
• Understand the process of planning and developing offshore oil and 

gas fields and some petroleum engineering aspects that govern the 
operation of such fields.

• Describe the lifecycle of oil and gas fields, the most common 
offshore field architectures, describe, understand and explain the 
functionality of the main components of a production system

• Understand and recognize the decision variables, objectives and 
constraints involved in field planning

• Perform engineering calculations such as probabilistic estimation of 
reserves, NPV calculations, flow equilibrium in production systems, 
flow equilibrium in surface networks, compute production profiles 
using models of the reservoir and production system, and to analyze 
applications of subsea boosting

Goals of the course
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• The course will focus on developing digital competences 
and will include some aspects on energy efficiency, 
emissions to air and sea, and skill transfer for the energy 
transition.

Examples
• Emissions to sea
• CO2 emissions to air
• Field development of CO2 storage fields
• CO2 injection networks

Course scope
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• Practical SI units only (bar, m3), not field units.
• Little focus on exploration and subsurface characterization (geology, 

geophysics, petrophysics, generation of reservoir realizations)

Course scope
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• Lectures until 26 April (breaking for Easter)
• Consultation time: preferably after class. Try to make an 

email appointment.
• Reference group – any volunteers?
• Use Blackboard and the course progress file to 

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

(even if one person only!!) 

Information

https://innsida.ntnu.no/wiki/-/wiki/English/Reference+groups+-+quality+assurance+of+education
https://innsida.ntnu.no/bb
https://docs.google.com/spreadsheets/d/1s3Znha7HaKiD-ei-rGVpJ9rNdmfrxxbyW7cD3qCtdCk/edit?usp=sharing


10

• Compendium
• Recommended
• Supplementary
• Hydrocarbon exploration and production (Jahn, Cook 

and Graham)

Reference material

https://drive.google.com/open?id=1dkRpQOBfkr9tqkSS6f9MDjO4XW-Sy3DS
http://www.ipt.ntnu.no/%7Estanko/files/Courses/TPG4230/Reference_material/
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• 100% «written» school exam
– Digital exam in Inspera, most likely using Excel. No 

written/handwritten material allowed (equations will be provided
in the exam papers)

– Previous years exams
– Examples 2018, 2020, 2021, 2022, 2023
– Make it nice, easy to understand and follow. When provided, use 

the Excel template

Evaluation

http://www.ipt.ntnu.no/%7Estanko/files/Courses/TPG4230/Old_Exams/
https://ntnu.inspera.no/admin#author/test/31702285
https://ntnu.inspera.no/admin#author/test/56641756
https://ntnu.inspera.no/admin#author/test/81333230
https://ntnu.inspera.no/admin#author/test/115297452
https://ntnu.inspera.no/admin#author/test/148637334
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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 (or solved) in class
– Individual delivery. Groups of up to 3 people may be allowed for 

some assignments
– Nr. of assignments is not yet known, but it is usually 3-4.
– Let me know early if there is a deadline conflict with other courses
– Those students that took the course last year and delivered and 

approved the homework, do not have to deliver the obligatory 
exercises this year. They will be approved. All others must deliver 
the obligatory exercises.

Evaluation



13

• Flipped classroom
– Participants watch by themselves pre-recorded videos (ca 45 

min) (on Youtube)
– Live classes every week

• Discussing further theory, exercises, group work, tutorials on
software, Q&A, advanced topics, guest presentations, industry
visits? 

• Classes will be recorded, and the recording will be shared on
Blackboard

Teaching

https://www.youtube.com/playlist?list=PLXfmJjG2tXbrcHizWgYbdEDnytfSXlLIQ
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• Watching pre-recorded videos (on Youtube):
– Watch at higher playback speed (1.5x -2x, Milan speaks slow)
– At certain time stamps (or at the end of the video), the videos 

have embedded links to: other relevant videos, material and 
quizzes. Example link1 link2

– It is recommended to go through the complete video and click on 
the links along the way

– Pause when needed. Try to summarize what was presented with 
your own words. Take notes. (with pen and paper or on the pdf)

How to watch the pre-recorded videos

https://www.youtube.com/playlist?list=PLXfmJjG2tXbrcHizWgYbdEDnytfSXlLIQ
https://youtu.be/_7XJG88CUMY?t=1705
https://youtu.be/_7XJG88CUMY?t=2668
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• Supposed to help you summarize the learnings and 
consolidate knowledge 

• Embedded on videos link2
• No solution key will be given. 
• Some quizzes might be given as mandatory assignment

Quizzes

https://youtu.be/_7XJG88CUMY?t=2668
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• Known bugs
– When there is a multiple-choice question, if you want to clear 

your selection, you have to refresh the page
– In some browsers one must scroll down sometimes to see the 

rest of the quiz and the result code
– Be patient, give it time to load and process information

Quizzes
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• Excel (+VBA)
• Python (Jupyter Notebook) –using Google Colab
• Hysys (Aspentech, run on ntnu farm) or DWSIM
• IPM (Petex): Prosper, GAP and MBAL 

Tools

https://farm.ntnu.no/RDWeb/Pages/en-US/Default.aspx/Scientific
https://dwsim.inforside.com.br/new/
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Questions?



https://www.miljodirektoratet.no/ansvarsomrader/forurensning/petroleum/regulering-petroleum/
https://www.miljodirektoratet.no/regelverk/konvensjoner/oslo-paris-konvensjonen/
https://www.ospar.org/convention/text


TPG4230– 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


TPG4230 - Field Development and Operations Prof. Milan Stanko (NTNU)

Milan
Typewritten Text
Notes for youtube video nr. 1

Milan
Typewritten Text



THE FIELD DEVELOPMENT PROCESS

Prof. Milan Stanko (NTNU)

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

Milan
Typewritten Text
Notes for youtube video n. 2
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During the field
development process a
model of the value chain is
made based on the
disciplines involved and
populated with information.
Initially there are many
alternatives and little
information. As time
progresses and decisions are
taken, the model is expanded,
there is more information but
less flexibility.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



Key performance
indicators are
computed with the
value chain model
and are used to
take decisions in
the decision gate
process.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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IDENTIFICATION OF BUSINESS CASE

The main goal of this stage is to prove economic
potential of the discovery and quantify and reduce the
uncertainty in the estimation of reserves.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS

 Pre‐exploration – scouting: collecting information on areas of interests.
Technical, political, geological, geographical, social, environmental
considerations are taken into account. E.g. expected size of reserves,
political regime, government stability, technical challenges of the area,
taxation regime, personnel security, environmental sensitivity, previous
experience in the region, etc.

 Getting pre‐exploration access – The exploration license (usually non‐
exclusive). In the NCS only seismic and shallow wells are allowed. This is
usually done by specialized companies selling data to oil companies.
Area: 500 Km2

 Identify prospects.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS

Seismic exploration

Ref: https://krisenergy.com/company/about‐oil‐and‐gas/exploration/
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IDENTIFICATION OF BUSINESS CASE ‐ TASKS
 Apply and obtain exclusive
production license (6 years,
possible to extend for 30 years).
In the NCS: Licensing rounds
(frontier areas) or Awards in
predefined areas (APA). The
current fees (if inactive) are
34 000 NOK/km2 for the first
year, 68 000 NOK/km2 for the
second year and 137 000
NOK/km2 per year thereafter.

Ca 500 km2

Ref: NPD

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS

 Exploration. Perform geological
studies, geophysical surveys,
seismic, exploration drilling (Well
cores, wall cores, cuttings
samples, fluid samples, wireline
logs, productivity test).

 Discovery!

Ref: Hydrocarbon exploration and production, Jahn et al.

CoreAll AS

Ref:  https://www.spec2000.net/09‐coremethods.htm

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS

 Exploration. Perform geological
studies, geophysical surveys,
seismic, exploration drilling (Well
cores, wall cores, cuttings
samples, fluid samples, wireline
logs, productivity test).

 Discovery!

Ref: Hydrocarbon exploration and production, Jahn et al.
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IDENTIFICATION OF BUSINESS CASE ‐ TASKS

 Exploration. Perform geological
studies, geophysical surveys,
seismic, exploration drilling (Well
cores, wall cores, cuttings
samples, fluid samples, wireline
logs, productivity test).

 Discovery!
https://www.youtube.com/watch?v=Qd7F8T0IVXU

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS
 Assessment of the discovery and the associated uncertainty. Risk
management:
o Probabilistic reserve estimation. Identify and assess additional
segments.

Ref: PDO Karish and Tanin. 
Energean

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS
 Assessment of the discovery and the associated uncertainty. Risk
management:
o Probabilistic reserve estimation. Identify and assess additional
segments.

o Perform simplified economic valuation of the resources.
o Field appraisal to reduce uncertainty: more exploration wells and
seismic to determine for example: fault communication, reservoir
extent, aquifer behavior, location of water oil contact or gas oil
contact.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS
o Appraisal

Ref: https://www.youtube.com/watch?v=‐e9jjnsquGI

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



IDENTIFICATION OF BUSINESS CASE ‐ TASKS
DG0:
 Issue a SOC (Statement of
Commerciality) and proceed with
development.

 Continue with more appraisal
 Sell the discovery.
 Do nothing (wait)
 Relinquish to the government

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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FEASIBILITY STUDIES ‐ TASKS

OBJECTIVE: Justify further development of the project, finding 
one or more concepts that are technically, commercially and 
organizationally feasible

• Define objectives of the development in line with the 
corporate strategy.

• Establish feasible development scenarios.
• Create a project timeline and a workplan.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



FEASIBILITY STUDIES ‐ TASKS

Ref: UTC 2017, Strategies, methods and tools for development of subsea fields, Skogvang and Løken.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



FEASIBILITY STUDIES ‐ TASKS

• Identify possible technology gaps and blockers.
• Identify the needs for new technology.
• Identify added value opportunities.
• Cost evaluation for all options (at this stage, cost figures 
are ±40% uncertain) 

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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CONCEPT PLANNING ‐ TASKS

OBJECTIVE: Identify development concepts, rank them and 
select and document a viable concept (Base Case Scenario).

• Evaluate and compare alternatives for development and 
screen out non‐viable options.

• Elaborate a Project Execution Plan (PEP) which describes the 
project and management system.

• Define the commercial aspects, legislation, agreements, 
licensing, financing, marketing and supply, taxes.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



CONCEPT PLANNING  ‐ TASKS
• Create and refine a static and a dynamic model of reservoir. 
Define the depletion and production strategy.

• Define an HSE program
• Flow assurance evaluation. Identification of challenges related 
with fluid properties, multiphase handling and driving 
pressure.

• Drilling and well planning
• Pre‐design of facilities
• Planning of operations, start‐up and maintenance
• Cost and manpower estimates of the best viable concept.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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PRE‐ENGINEERING ‐ TASKS
OBJECTIVE: Further mature, define and document the 
development solution based on the selected concept. 

• Selection of the final technical solution. Decide and define all 
remaining critical technical alternatives.

• Execute Front End Engineering Design (FEED) Studies: 
determine technical requirements (arranged in packages) for 
the project based on the final solution chosen. Estimate cost 
of each package.

• Plan and prepare the execution phase.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



PRE‐ENGINEERING ‐ TASKS
• Prepare for submission of the application to 
the authorities.

• Perform the Environmental impact 
assessment. 

• Establish the basis for awarding contracts.
• Issue: 

• Plan for development and operations
• Plan for installation and operations of 
facilities for transport and utilization of 
petroleum (PIO)

• Impact assessment report

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



PRE‐ENGINEERING ‐ TASKS
• Wait for the government to study
the proposal

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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DETAILED ENGINEERING, CONSTRUCTION, 
TESTING AND STARTUP
OBJECTIVE: Detailed design, procurement of the construction 
materials, construction, installation and commissioning of the 
agreed facilities. 

Individual contracts
Detailed engineering
Bids, contracts
Construction, fabrication
Installation
Commissioning (Cold or Hot)

EPCM (Engineering, 
procurement, 
construction, and 
management contract) 
with one main 
contractor.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



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

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



https://www.youtube.com/watch?v=TiWOgTq0YD4

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



DETAILED ENGINEERING, CONSTRUCTION, 
TESTING AND STARTUP
• Constructing wells. 
• Perform hand over to asset, operations
• Prepare for start‐up, operation and maintenance

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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OPERATIONS

• Production startup, Build‐up phase, Plateau 
phase, Decline phase, Tail production, Field shut‐
down.
•Maintenance.
• Planning Improved Oil recovery methods.
• Allocation and metering.
• De‐bottlenecking.
• Troubleshooting. 

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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DECOMISSIONING AND ABANDONMENT

• Engineering “down and clean”: flushing and 
cleaning tanks, processing equipment, piping.
• Coordinate with relevant environmental and 
governmental authorities.
•Well plugging and abandonment (P&A)
• Cut and remove well conductor and casing. 
• Remove topside equipment.

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



DECOMISSIONING AND ABANDONMENT

• Removal of the offshore structure: Lifting operations 
and transport

• Remove or bury subsea pipelines
• Mark and register leftover installations on marine maps
• Monitoring
• Recovery of material: Scrap (steel) and recycling 
equipment (Gas turbines, separators, heat exchangers, 
pumps, processing equipment)

• Disposal of residues

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



DECOMISSIONING AND ABANDONMENT

https://www.youtube.com/watch?v=SLO9uD5Ub_Y
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DECOMISSIONING AND ABANDONMENT

https://www.youtube.com/watch?v=1GA3EIu81rw
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http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/2022/Quizzes/Quiz%20Field%20Simulator%202.html




http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/Tools/
http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/Tools/Oilfield_bottlenecking_showcase_v1.exe
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Class 20240125 - OUTLINE
-Additional comments about Bottlenecking
-quick go-through the previous video lectures’ content
-Introduction to field processing



Bottlenecking - reasons

• Processing facility «capacity» is 
reached

• Separation capacity (residence times)
• Capacity of rotating equipment

(pumps/compressors)
• Water Treatment capacity
• Water injection – Plugging of

injectors
• Sand production/wellbore stability



Processing capacity in PDO





Introduction to oilfield processing

Assoc. Prof. Milan Stanko
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Class 20240126 - OUTLINE
-Missing reference group member
-Upcoming reference group meeting
-Exercise set 1 published –Deadline 11.02
-cont. multi-stage separation
-How do a horizontal and vertical separator look like?
-Class exercise, Hysys simulation





Horizontal separator

Momentum 
Absorber

Inlet

Liquid Retention Water Out Oil Out

Mist
Extractor

Gas
Out

Oil

OilWater

Gas

Horizontal Separator



Horizontal separator

v

v



Vertical separator

Demister

Degassing
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Weir

Inlet
Diverter

Gas

Gas

Gas

Oil

Water

Vertical Separator



HYSYS Example





Temperature 
(C)

Pressure 

(bara)

Separation 
Stage

7565Stage 1
6520Stage 2
602Stage 3
15.661.01325Standard 

Conditions

Mole 
Fraction

Component

0.003672Nitrogen
0.001092CO2
0.429256Methane
0.046897Ethane
0.029618Propane
0.014919i-butane
0.009325n-butane
0.008446i-pentane
0.005030n-pentane
0.018433Hexanes
0.041418Heptanes
0.049891Octanes
0.038403Nonanes
0.303600Decanes

Total mass flow: 27 000 kg/h

Data



Tasks:
• Simulate the system in Hysys
• Perform a sensitivity study on the

2nd stage separation pressure to 
maximize oil production



Taking to Standard conditions. 
This is an imaginary process.



Youtube video: Intro to Excel VBA functions and sub 

There were no notes for this video 



Simplified dry gas production 
system

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

Milan
Typewritten Text
Youtube video: modeling dry gas systems
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Class 20240201 ‐ OUTLINE
‐cont Class exercise (mandatory exercise 1), Hysys simulation
‐How a real separation process looks like in reality
‐Simple sizing of horizontal gas‐oil separator



Tasks:
cont Class exercise (mandatory 
exercise 1), Hysys simulation
• Simulate the system in Hysys
• Perform a sensitivity study on the
2nd stage separation pressure to 
maximize oil production





How does the separation process looks like in reality:







• Example of (simple) sizing horizontal gas‐oil
separator



Separation design theory

Find separator dimensions such as:

Residence time > separation time



Residence time

Demister

Degassing
Baffle

Weir

Inlet
Diverter

Gas

Gas

Gas

Oil

Water

Vertical Separator

Momentum 
Absorber

Inlet

Liquid Retention Water Out Oil Out

Mist
Extractor

Gas
Out

Oil

OilWater

Gas

Horizontal Separator







Separation time ‐ gas



Separation time = settling time

If it is a bubble of gas in oil, the direction of drag is opposite,
Then it should be (denf‐dend)



Separation time = settling time



Separation time – droplet size distribution
d = 1E01‐1E02 um



Separation time – droplet size distribution
d = 1E01‐1E02 um

(volume based)



The same equation can be used for 
‐Bubles of gas in liquid
‐droplets of liquid in liquid
BUT if the droplet/bubble is going up, the order of the density difference must be changed.



Oil separation time

Retention Time (min)Crude API
1>30

1 - 220 - 30
2 - 410 - 20

So, experience‐based
values are often used 
instead (see table
above)



Separation time = settling time



Class 20240202 - OUTLINE
-Simple sizing of horizontal gas-oil separator – Exercise
-Other topside processing equipment



Simple Calculation example
-Design an oil-gas horizontal separator (Leff and ID) for the first stage of the Hysys problem provided earlier
-oil droplet size: 150 um
-Slenderness ratio (Lss/D): 3-4 (assume Lss=Leff+D)
-Max ID: 4.5 m
-Max Leff: 20 m

Retention Time (min)Crude API
1>30

1 - 220 - 30
2 - 410 - 20

API spec 12J



Simple Calculation example

Use hysys to get properties and rates of oil and gas

http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/2023/Class_files/Simple_Separator_sizing_exercise.xls

Convention: red is input, blue is calculated



Simple Calculation example



Simple Calculation example



Retention Time (min)Crude API
1>30

1 - 220 - 30
2 - 410 - 20







Inverse problem  geometry, calculate max
flow rates of oil and gas

http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/Old_E
xams/2023/TPG4230_2023_Exam_solution.pdf





To refresh about Boproperties check chapter 4 of the compendium (ca 100 ish page)







Other design considerations

• 3 phases (gas, oil and water)
• Internals
• Inlet and outlet section
• Structural design
• Additional space for transient

flow (slugs)
• ++
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TEG dehydration



Youtube links for TEG dehydration

• Inside a gas dehydration tower: https://www.youtube.com/watch?v=_f7q8gWf8fg

• Gas dehydration unit: https://www.youtube.com/watch?v=kTtiqTeTZ0I





Class 20240208 - OUTLINE
-Other topside processing equipment
-Intro – Production scheduling for the Snowhite field
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TEG dehydration



Youtube links for TEG dehydration

• Inside a gas dehydration tower: https://www.youtube.com/watch?v=_f7q8gWf8fg

• Gas dehydration unit: https://www.youtube.com/watch?v=kTtiqTeTZ0I
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Electrostatic coalescer
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Skim tank + flotation unit
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Other links

Water knockout : https://www.youtube.com/watch?v=wQ1A8w9Ouy4

Walkthrough an oil and gas platform in the UK . https://www.youtube.com/watch?v=UrWTMCgHr6s



















https://www.offshore-mag.com/resources/maps-posters/document/14185956/2020-worldwide-survey-of-subsea-processing


https://www.youtube.com/watch?v=fcpTchOS81g
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Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Net present value
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𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧ െ 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧

1 ൅ 𝑖 ௧

௡

௧ୀଵ
To convert currency in year
«t» to year 0 (reference year)

time

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Year 0 is just when investments are
starting

Net present value
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௡
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• Typically: 7-12%, based on
operator’s past experience

• Should be better than
investing the capital on
other financial instruments

Net present value
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1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧: • Sales of oil and gas (yearly production * 
price per volume)

• Tariffs to other companies for using your
infrastructure (e.g. processing fluids for tie-
backs)

Net present value
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1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧: • Sales of oil and gas (yearly production * 
price per volume)

• Tariffs to other companies for using your
infrastructure (e.g. processing fluids for tie-
backs)

Net present value

• Assuming 50 USD/bbl, a field with 150 kstbd, for 
a year this gives 7.5 E09 USD (20E06 USD per 
day)
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1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧: • Sales of oil and gas (yearly production * 
price per volume)

• Tariffs to other companies for using your
infrastructure (e.g. processing fluids for tie-
backs)

Net present value

• Assuming 50 USD/bbl, a field with 150 kstbd, for 
a year this gives 7.5 E09 USD (20E06 USD per 
day)

• Assuming a gas price of 0.66 USD/m3 (Feb
2023), and a production of 20E06 Sm3/d, this
gives for a year 4.8 E09 USD (13 E06 USD per 
day) 
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1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧: • Sales of oil and gas (yearly production * 
price per volume)

• Tariffs to other companies for using your
infrastructure (e.g. processing fluids for tie-
backs)

Net present value

• Usually assumed constant
• If gas, it is usually

negotiated as part of a 
delivery contract
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௧ୀଵ

𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧: • Sales of oil and gas (yearly production * 
price per volume)

• Tariffs to other companies for using your
infrastructure (e.g. processing fluids for tie-
backs)

During early years (4-8) there is no revenue!! (field doesn’t exist)

Net present value
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

The biggest expenses occur at the beginning, when there is a lot of
construction and drilling
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1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Source: oil and gas taxation in Norway. Deloitte

Net present value
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Net present value
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Well plugging
• Removal of flowlines, pipelines, offshore structure
• Cleaning
• monitoring
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Source: oil and gas taxation in Norway. Deloitte

Net present value

Are often neglected as they are deductible and they occur late in the life of the field (heavily
discounted)
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Source: oil and gas taxation in Norway. Deloitte

Net present value
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Drilling vessel renting (daily rate)
• Drilling materials (tubulars, cement, mud, completion, wellhead)
• Test during drilling (DST, logging, pressure tests, sampling)
• X-mas tree
• Drilling tools
• Salaries, insurance
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Drilling vessel renting (daily rate)
• Drilling materials (tubulars, cement, mud, completion, wellhead)
• Test during drillin (DST, logging, pressure tests, sampling)
• X-mas tree
• Drilling tools
• Salaries, insurance

• Cost per well:
30-180 E06 USD (offshore)
10-15 E06 (onshore)



Example

Source: Karish-Tanin PDO



Example

Source: Karish-Tanin PDO



𝑁𝑃𝑉 ൌ෍
𝐶𝐹௧

1 ൅ 𝑖 ௧

௡

௧ୀଵ

ൌ෍
𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧ െ 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Engineering studies 
• Processing facilities (separators, pumps, compressors, heat 

exchangers, control system, injection, oil, water and gas treatment
• Offshore structure (cost of platform or vessel, living quarters, power

source, helideck)
• Subsea system (template, flowlines, pipelines, risers, umbilicals, 

metering)
• Export system
• Salaries, insurance



𝑁𝑃𝑉 ൌ෍
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ൌ෍
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Engineering studies 
• Processing facilities (separators, pumps, compressors, heat 

exchangers, control system, injection, oil, water and gas treatment
• Offshore structure (cost of platform or vessel, living quarters, power

source, helideck)
• Subsea system (template, flowlines, pipelines, risers, umbilicals, 

metering)
• Export system
• Salaries, insurance

There is usually a payment schedule
for CAPEX over a few years for big
items (FPSO, subsea equipment etc)
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Engineering studies 
• Processing facilities (separators, pumps, compressors, heat 

exchangers, control system, injection, oil, water and gas treatment
• Offshore structure (cost of platform or vessel, living quarters, power

source, helideck)
• Subsea system (template, flowlines, pipelines, risers, umbilicals, 

metering)
• Export system
• Salaries, insurance

• Total cost:
-O (1E09) USD
Examples:
-O( 1E06) USD per km of subsea pipeline

-FPSO 200 – 3000 1E06 USD



Examples

Source: Yong Bai, Qiang Bai, Subsea engineering Handbook. 



Examples

Source: Yong Bai, Qiang Bai, Subsea engineering Handbook. 
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Examples:
• Salaries
• Insurance
• Maintenance
• Equipment
• Well intervention
• Power consumption
• Production chemicals (MEG, inhibitors)
• Pigging
• Transportation and export

• Heavily depends on the size and type of facility
• It often dictates when to abandon (CF becomes

negative)
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Net present value

Examples:
• Salaries
• Insurance
• Maintenance
• Equipment
• Well intervention
• Power consumption
• Production chemicals (MEG, inhibitors)
• Pigging
• Transportation and export

• Heavily depends on the size and type of facility
• It often dictates when to abandon (CF becomes

negative)
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

Should be adjusted by inflation



𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧

𝐶𝐴𝑃𝐸𝑋௧

𝑂𝑃𝐸𝑋௧

Function of number of
wells, maximum production
rates of oil, gas and water, 
development concept, type 
of fluids etc.



Cost estimation – expected accuracy

• For DG1, +-40%
• For DG2, +-30%
• For DG3, +-20%



Costing

• It is a profession and a discipline
• Internal company databases 

(based on previous projects)
• Provided by contractors and 

suppliers
• Commercial software
• Depending on the desired

accuracy, can take significant time
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-(cont). Economic indicators for oil and gas projects
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௡
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

• Petroleum tax

• CO2 tax (in 2022 NOK 1.65 NOK/Sm3 gas)



Sources: 
oil and gas taxation in Norway. Deloitte
https://www.norskpetroleum.no/en/economy/petroleum-tax



Source: https://www.norskpetroleum.no/en/economy/petroleum-tax
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1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

• CO2 tax (in 2022 NOK 1.65 NOK/Sm3 gas)
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ൌ෍
𝑅𝑒𝑣𝑒𝑛𝑢𝑒௧ െ 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧

1 ൅ 𝑖 ௧

௡

௧ୀଵ

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value

• CO2 tax (in 2022 NOK 1.65 NOK/Sm3 gas)

Example:

• Considering gas turbine efficiency 1 MWh/257 Sm3 gas (TPG4245 – 2022). 
• For a field with 30 MW, in a year this represents 262 800 MWh, which represents 67 E06 Sm3 of gas. 
• This will be taxed with ca 111 E06 USD.
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𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠௧=𝐷𝑅𝐼𝐿𝐿𝐸𝑋௧ ൅ 𝐶𝐴𝑃𝐸𝑋௧+ 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛௧ + 𝑂𝑃𝐸𝑋௧+ 𝑇𝐴𝑋௧+ 𝐴𝐵𝐸𝑋௧

Net present value - Royalties

• Used in some countries
• % from the production, not the profit!!



Net present value calculation- Who does what:

• Production profiles of oil, gas and condensate: 
petroleum engineers

• CAPEX: cost engineers (or suppliers) with input 
from facilities engineers, marine engineers

• DRILLEX: cost engineers (or suppliers) with
input from drilling engineers

• Gas and oil prices: Market analyst
• Tax, Inflation, Exchange rate, discount rate: 

Finance department



Net present value calculation- Who does what:

• Production profiles of oil, gas and condensate: 
petroleum engineers

• CAPEX: cost engineers (or suppliers) with input 
from facilities engineers, marine engineers

• DRILLEX: cost engineers (or suppliers) with
input from drilling engineers

• Gas and oil prices: Market analyst
• Tax, Inflation, Exchange rate, discount rate: 

Finance department

• Highly affected by the
development strategy

• All are
interconnected!!

• Take time to generate. 
If there are changes, it 
takes time to get new
values





Example:

Higher production rates

bigger separators and compressors

more weight

bigger offshore structure



NPV 
estimation

Source: Hebron field
PDO



CF versus time

Source: Frank Jahn, 
Mark Cook, Mark 
Graham. Hydrocarbon
Exploration and 
Production



NPV versus time



Other KPIs used

• Break-even price oil price that give NPV = 0
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• Break-even price oil price that give NPV = 0

• NPV break-even time when NPV = 0

• Internal rate of return (IRR)  discount rate for which NPV = 0



Other KPIs used

• Break-even price oil price that give NPV = 0

• NPV break-even time when NPV = 0

• Internal rate of return (IRR)  discount rate for which NPV = 0

• OTHERS…



Standards



Handling uncertainty



Handling uncertainty – from the standard

Source: ISO 15663:2021 course, 9 June 2021 



Sensitivity analysis

Varying one at a time: «Ceteris paribus» principle



Sensitivity analysis

Tornado chart

Source: Proposisjon til 
Stortinget: Utbygging
og drift av Aasta
Hansteen-feltet



Sensitivity analysis

Spider plots



Sensitivity analysis - defficiencies

• There could be uncertainties that occur
simultaneously

• Probability of occurrence?



Field development goal

Find field design to maximize NPV



Field development goal

Find field design to maximize NPV

There is an optimal production scheduling and drilling schedule that maximize NPV

DisadvantagesAdvantagesAction

Gives higher cost
(CAPEX, OPEX) 

Gives higher revenueHigher HC rates during 
early times

Gives higher cost
(DRILLEX, CAPEX, OPEX)

Allows for higher rates, 
extends field life

Drill more wells



Variation of NPV with plateau rate and number of wells: 



Example from Milan’s
Compendium section 5.2.3.



Effect of uncertainties



We have free water in the separator gas line, and after the cooler there is a risk of hydrate formation. Therefore it is necessary to inject an 
inhibitor (e.g. MEG), to move the hydrate line to the left. There should be enough MEG to suppress hydrates in the place where there is most 
water (just after the cooler)

We can use the excel sheet of question 4, quiz 18:
http://www.ipt.ntnu.no/
~stanko/files/Courses/TPG4230/2021/Quizzes/Quiz18.html
We substitute our hydrate line and calculate the amount of weight % 
of MEG required such that the outlet of the cooler is outside the 
hydrate formation zone

So approximately 162 kg/hr of MEG is needed

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

stanko
Text Box



Example:

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



Youtube video: Solving dry gas networks in Excel

 Exercise: using data from Problem 4 of the Exam 2017:

Will it be possible to produce 0.5 E06 Sm3/d from each well? if so, what is the choke deltap required in each well?

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)



TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

Deltap_choke1 = 119 - 37.5 = 81.5 bara
Deltap_choke2= 113-37.5 = 75.5 bara

Yes, it is possible to produce 0.5 E06 Sm3/d from well 1 and 2.



Exercise on Dry gas network using Excel

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
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Outline:

-re-cap network solving
-approaches to generate production 
profiles



Norwegian University of Science and Technology

Approaches to generate production
profiles
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Virtual field

Well+commingling system

Reservoir
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Virtual field

Well+commingling system

Reservoir

Managed by different teams in the company
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Virtual field

Well+commingling system

Reservoir
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Alternatives to generate production profiles

-Reservoir only
-Reservoir + network (coupled)
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Reservoir model
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Reservoir modeling alternatives

-Material balance + IPR equation (what we did in the Snowhite 
exercise)
-Decline (type) curves – assuming a trend of qfield versus time 
(e.g. exponential)
-Reservoir simulation
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Reservoir model

Gas 
producer

Oil producer Oil producer

Water injector

• 3D computer representation of a 

petroleum reservoir 

• Computes the variation of the pressures, 

saturations and other properties with 

time when fluids are retrieved from or 

injected into the domain

• Captures the flow in porous media in the 

reservoir, thermal effects, 

thermodynamic flashing
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Reservoir model
Gas 
producer

Oil producer Oil producer

Water injector

Boundary 
conditions (t):
-Well target rate
qw (t) and    
pwf min(t)

• Reservoir / system properties (Porosity, 
saturations, permeability, EOS, fluid 
composition, reservoir temperature, 
initial reservoir pressure)

• Well locations
• Well status (t)

• Boundary 
properties pwf (t), 
qw (t) 

• Block variables (t)
• Well variables (t)

Usually variables 
constant for the whole 
simulation time or on-
off (no regulation)

IN
PU

T

O
U

TPU
T

INPUT
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Reservoir model
Gas 
producer

Oil producer Oil producer

Water injector

Boundary 
conditions (t):
-Well target rate
qw (t) and    
pwf min(t)

• Reservoir / system properties (Porosity, 
saturations, permeability, EOS, fluid 
composition, reservoir temperature, 
initial reservoir pressure)

• Well locations
• Well status (t)

• Boundary 
properties pwf (t), 
qw (t) 

• Block variables (t)
• Well variables (t)

Usually variables 
constant for the whole 
simulation time or on-
off (no regulation)

IN
PU

T

O
U

TPU
T

INPUT
A GOOD GUESS(ES) FOR 
pwfmin is required!!



Norwegian University of Science and Technology 12

Progression in time
t=t1t=t0 t=t2

Reservoir model 
Operating mode 
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Input file - Example
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Network model
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Network model characteristics

Separator 
pressure, pSEP

Reservoir 
pressure, pR

Separator 
pressure, pSEP

Reservoir 
pressure, pR

VS.
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Network model

• Steady state (for a given condition in 

time), 1D Computer representation of a 

petroleum production network (wells, 

pipelines, equipment)

• Computes the pressure and temperature 

profiles in each flowline, the flow rate of 

each well, the conditions upstream and 

downstream of equipment

• Captures the single phase/multiphase 

flow along the production system, from 

the wells until the processing facilities 

Well

Manifold

Separator
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Network model – v1

Boundary conditions 
for injectors or 
producers:
-Well Inflow 
performance 
relationship (IPR)

• System Properties (pipe dimensions, 
layout, fluid composition, EOS, separator 
pressure, ambient temperature)

• Adjustable variables: choke opening, 
well routing, Inflow control valves, gas lift 
injection rate, diluent injection rate, 
pump frequency, compressor.

• Well flow rates
• Pressure and 

temperature 
along the system

These usually 
vary during the 
life of the field.

IN
PU

T

O
U

TPU
T

INPUT

( ),...., 21 xxfnetwork


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Network model – v1 variation (requires an 
“optimizer”)

Boundary conditions 
for injectors or 
producers:
-Well Inflow 
performance 
relationship (IPR)
Desired well rates
-Adjustable variables 
will be changed to 
achieve well rates

• System Properties (pipe dimensions, 
layout, fluid composition, EOS, separator 
pressure, ambient temperature)

• Adjustable variables: choke opening, 
well routing, Inflow control valves, gas lift 
injection rate, diluent injection rate, 
pump frequency, compressor.

• Well flow rates
• Pressure and 

temperature 
along the system

These usually 
vary during the 
life of the field.

IN
PU

T

O
U

TPU
T

INPUT

( ),...., 21 xxfnetwork


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Network model – v1 variation (requires an 
“optimizer”)
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Network model – v2

Boundary 
conditions for 
injectors or 
producers:
Desired well rates

• System Properties (pipe dimensions, 
layout, fluid composition, EOS, separator 
pressure, ambient temperature)

• Adjustable variables: choke opening, 
well routing, Inflow control valves, gas lift 
injection rate, diluent injection rate, 
pump frequency, compressor.

• Pressure and 
temperature 
along the system

• Pressure at the 
boundaries

These usually 
vary during the 
life of the field.

IN
PU

T

O
U

TPU
T

INPUT

( ),...., 21 xxfnetwork


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Network model 

t=t1t=t0 t=t2
For a given time step

Operating mode 
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Coupling: 
Connecting reservoir and network model to 
achieve consistency at the interface.

Or, equivalently:
• Will I be able to produce the reservoir rates 

through the well and network?
• Find realistic values for p_wfmin
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Model’s Interface: well’s bottomhole

Reservoir 
model

Network 
Model

INTERFACE
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Model’s Interface: wellhead
Network 
Model

INTERFACE

Requires a DP model 
for the wellbore (DP as 
a function of q) to 
translate pwh to pwf. It 
is usually given as a 
table of points 
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Integration strategies

• Explicit

t=t0
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Integration strategies

• Explicit

t=t1t=t0
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Integration strategies

• Explicit

t=t1t=t0
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Integration strategies

• Explicit

t=t1t=t0
t=t2



Norwegian University of Science and Technology 29

Integration strategies

• Explicit
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Model’s Interface: well’s bottomhole

q, pwf

Inflow performance 
relationship (IPR)

p
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Explicit integration strategy

• Possible to integrate software from different 

providers

• IPR generation is required (by reservoir 

simulator or by the network simulator)

• Can lead to numerical instabilities. A small 

time-step might be required
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Integration strategies

• Implicit

t=t1t=t0
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Integration strategies

• Implicit

t=t1t=t0 t=t2
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Integration strategies

• Implicit

t=t1t=t0 t=t2

Here an IPR might not be needed
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Model’s Interface: well’s bottomhole

q, pwf

p

q, pwf
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Model’s Interface: wellhead

q, pwh

q
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Examples from the literature

No coupling
only minimum BHP

Coupled

From Al-Shaalan, 2002

Solution instability from SPE 71120
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Implicit integration strategy

• Difficult to integrate software from different 

providers (for efficient solving, the source code 

should be integrated)

• IPR generation is not required 

• More numerically stable, bigger time-steps can 

be used 
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Coupling strategy for choked wells

q,
R

whp
1Run
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q,

q,

R

whp

n

whp

1

2

Run

Run

Coupling strategy for choked wells
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q,

q,

R

whp

n

whp

n

wh

R

wh pp >If

1

2

Run

Run

•Well is choked, proceed 
to next reservoir time 
step

Coupling strategy for choked wells
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Integration strategies

• Loose coupling with bottom-hole coupling –most typical
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Integration strategies

• Loose coupling with bottom-hole coupling –most typical

1. Assume pwfmin

2. Run reservoir simulation

Obtain profiles of q(t), pwf (t), IPR (t)

time
t=t1t=t0 t=t2
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3. Run network simulation with IPR(t) from step 2

4. Verify if qnetwork(t) == qreservoir(t). If not, provide pwf(t) as pwfmin(t) 
and repeat from step 1 

t=t1t=t0 t=t2 time

Loose coupling with bottom-hole coupling
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Loose coupling integration strategy

• Easy to integrate software from different 

providers 

• Practical for use for different engineering teams

• More time-consuming – several iterations are 

typically required to converge on a solution
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https://www.mdpi.com/2071-1050/15/8/6599
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Continuous distributions are advantageous because:
-There is an analytical expression 
-I need only few values to define the distribution
-There is no data to determine a discrete distribution

There are many parameters in FD that exhibit typical distributions:
-cost ---Normal 
-Porosity --- Normal
-Initial oil/gas in place --- Log Normal
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https://en.wikipedia.org/wiki/Decision_tree.
https://www.mashupmath.com/blog/probability-tree-diagrams


Prof. Milan Stanko -  page 1 of 5 Exercise 

An oil reservoir has been discovered in the Barents Sea, 310 km from Hammerfest. Seismic 
data and a few exploration wells have been drilled that provide enough information to 
perform an initial reserve estimation and economic valuation.  

 
 
The company is currently in the business identification phase (leading to DG0) and is 
currently considering the following options: 

• Go forward with the development 
• Drill an appraisal well to find more information about the reservoir 
•  Relinquish to the government 

 
To help the company to take the decision, you are considering employing a probability tree 
together with Monte Carlo simulations. 
 
The cost of the appraisal well campaign is 100 million USD. The campaign could have two 
outcomes: 

a. If the appraisal wells give a positive indication of hydrocarbons, It will confirm 
the upper value and lower values of the rock volume. If this is the case, 9 wells 
will be used, and 3 of those will be subsea, which require a heavier capital 
investment in facilities (1500 million USD). 

b. If the appraisal wells give a negative indication of hydrocarbons, the maximum 
and minimum rock volumes must be reduced by 40%. If this is the case, only 6 
wells can be used, and the capital investment in facilities is less (900 million 
USD). 

 
Additional information 
 
For estimating the economic value of the project, you must use the following simplified 
expression (in million USD) 
 

𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑃𝑃𝑜𝑜 ∙ 𝐹𝐹𝐷𝐷 ∙ 𝑁𝑁𝑝𝑝𝑝𝑝 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 
Where: 

• 𝑃𝑃𝑜𝑜 is the price per barrel of oil [USD/bbl]. Use 60. 
• 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is the cost of facilities, in million USD.  
• 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 is the cost of drilling, equal to 𝑁𝑁𝑤𝑤 ∙ 50 million USD, where  𝑁𝑁𝑤𝑤 is number 

of wells.  
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• 𝐹𝐹𝐷𝐷 is a discounting factor [-], representing that reserves are recovered and discounted 
gradually within a period of time, instead of at time zero. This value will depend on 
the production profile, but for your analysis, assume it is equal to 0.4. 

• 𝑁𝑁𝑝𝑝𝑝𝑝 is the ultimate cumulative oil production [in Million stb] (or total recoverable 
reserves). Only oil is recovered from this field (due to lack of gas transport 
infrastructure).  

 
The ultimate cumulative oil production is 𝑁𝑁𝑝𝑝𝑝𝑝 = 𝑁𝑁 ∙ 𝐹𝐹𝑅𝑅 , where 

• 𝐹𝐹𝑅𝑅 is the ultimate recovery factor [-].  
• 𝑁𝑁  is the initial oil in place [stb] , estimated by the expression 

 

𝑁𝑁 =
𝑉𝑉𝑅𝑅 ∙ 𝜙𝜙 ∙ 𝑆𝑆𝑜𝑜 ∙ 𝑁𝑁𝑡𝑡𝑡𝑡

𝐵𝐵𝑜𝑜
 

Where: 
• 𝑉𝑉𝑅𝑅 Rock volume [bbl] 
• 𝜙𝜙 porosity [-] 
• 𝑆𝑆𝑜𝑜 oil saturation [-] 
• 𝑁𝑁𝑡𝑡𝑡𝑡 Net to gross [-] 
• 𝐵𝐵𝑜𝑜 Oil formation volume factor [bbl/stb] 

 
Values for the parameters and their probability distributions are provided in the table below: 

 
 
 

Net to Gros Oil Saturation Formation Volume Factor Ultimate Recovery Factor
Rock volume Porosity N/G So=(1-Sw) Bo Fr

bbl fraction fraction fraction Res bbl/STB fraction
Min 5.00E+09 0.18 0.3 0.8 1.35 0.18
Max 6.25E+09 0.3 0.5 0.9 1.6 0.35
Mode 0.25



https://youtu.be/eeIjCw5h8-s?feature=shared&t=1389
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Offshore structures for oil and gas 
production

Prof. Milan Stanko (NTNU)

Components

• Facilities for drilling and full intervention. This includes drilling tower,
BOP, drilling floor, mud package, cementing pumps, storage deck for
drill pipes and tubulars, drilling risers.

1

2
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Components

• Facilities for light well
intervention.

• Processing facilities:
separator trains for primary
oil, gas and water
separation, gas processing
train, water processing
train.

• Gas injection system
• Gas compression units for
pipeline transport

• Water injection system

Components

• Facilities for light well
intervention.

• Processing facilities:
separator trains for primary
oil, gas and water
separation, gas processing
train, water processing
train.

• Gas injection system
• Gas compression units for
pipeline transport

• Water injection system

3
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Components

• Living quarters
• Helideck.
• Power generation.
• Flare system.
• Utilities (hydraulic power
fluid, compressed air,
drinking water unit, air
condition system,
ventilation and heating
system)

Components

• Bay for wellheads and X‐mas
trees

• Production manifolds
• Oil storage
• Facilities for oil offloading
• Control system
• Monitoring system
• System for storage, injection and
recovery of production chemicals
(wax, scale, hydrate or corrosion
inhibitors)

• Repair workshop

5
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Components

• Bay for wellheads and X‐mas
trees

• Production manifolds
• Oil storage
• Facilities for oil offloading
• Control system
• Monitoring system
• System for storage, injection and
recovery of production chemicals
(wax, scale, hydrate or corrosion
inhibitors)

• Repair workshop

Components

7
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Components – can be spread

https://www.akerbp.com/produksjon/valhall/

Types

9

10
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Types

• Have significant movement
• Are usually moored
• Buoyancy is controlled actively

with ballast

Jacket

11

12
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GBS

JACKUP

Taken from Volve PDO

13

14
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FPSO

FPSO ‐ Comment about swivel

15

16
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FPSO ‐ Swivel

https://www.youtube.com/watch?v=70XwYmmZFWs

FPSO ‐ Swivel

https://www.youtube.com/watch?v=Sfjay0Rt3hU

https://www.youtube.com/watch?v=cCiUggjUhY0

17
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FPSO ‐ Swivel

https://www.youtube.com/watch?v=HbJh1ar0u1s

SPAR 

https://www.tu.no/artikler/industri‐kvaerner‐sikrer‐enda‐et‐
aasta‐hansteen‐oppdrag/225940 https://www.tu.no/artikler/industri‐kvaerner‐sikrer‐enda‐et‐

aasta‐hansteen‐oppdrag/225940

19
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SPAR – Vortex induced vibrations

https://www.youtube.com/watch?v=_Hbbkd2d3H8&feature=youtu.be

21

22
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SPAR – Vortex induced vibrations

https://www.youtube.com/watch?v=24tBX_UD3fM

SPAR – Effect of helical strakes

https://www.youtube.com/watch?v=W‐zXwPT2r14

23
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SEVAN FPSO

https://www.upstreamonline.com/epa
per/sevan‐fpso‐selected‐for‐bream/1‐
1‐1160389

Tension leg platform

https://www.rigzone.com/training/insight.asp?insight_id=305&c_id=

25
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Tension leg platform

Comment about Tension leg platform

27
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Compliant tower

https://www.sciencedirect.com/science/article/pii/S0951833914000148

Semi‐Sub

https://www.oedigital.com/news/453987‐jack‐st‐malo‐flows‐
for‐chevron

https://www.bairdmaritime.com/work‐boat‐
world/offshore‐world/offshore‐extraction‐and‐
processing/offshore‐drilling/awilco‐orders‐second‐
semi‐submersible‐drilling‐rig‐from‐keppel‐fels/

29
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Some selection criteria for offshore structures

• Water depth
• Type of X‐mas tree

• Well intervention needs
• Tubing replacement
• Completion modifications
• Artificial lift (ESP)

• Infill drilling needs
• Reservoir spread and structure

• Need for oil/condensate storage
• Marine loads Oceanographic environment

• Wind, waves, current

Some selection criteria for offshore structures

• Water depth
• Type of X‐mas tree

• Well intervention needs
• Tubing replacement
• Completion modifications
• Artificial lift (ESP)

• Infill drilling needs
• Reservoir spread and structure

• Need for oil/condensate storage
• Marine loads Oceanographic environment

• Wind, waves, current

31

32
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Water depth

Some selection criteria for offshore structures

• Water depth
• Type of X‐mas tree

• Well intervention needs
• Tubing replacement
• Completion modifications
• Artificial lift (ESP)

• Infill drilling needs
• Reservoir spread and structure

• Need for oil/condensate storage
• Marine loads – Oceanographic environment

• Wind, waves, current

33
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Reservoir spread and structure

• Long deviated wells ($$$)
• Wells are drilled from one

location, no need to spend
mobilization time ($$)

• Production startup must be
delayed until all wells are
drilled

• Shorter, vertical wells ($)
• The drilling rig must be mobilized often which costs

money ($$$)
• Production can start in ramp up mode (if topside is in

place)

Reservoir spread and structure

The more spread ‐ requires a bigger and more costly 
drilling package – more weight on the structure, bigger 
structure ($$$)

35
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Transfer of well weight to soil and to offshore structure 

Transfer of well weight to soil and to offshore structure 

37
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Support system for dry X‐mas trees – deep water

Support system for dry X‐mas trees – deep water

Real State on offshore structure is critical, 
not more slots than what is needed!

39

40
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Support system for dry X‐mas trees – deep water

Some selection criteria for offshore structures

• Water depth
• Type of X‐mas tree

• Well intervention needs
• Tubing replacement
• Completion modifications
• Artificial lift (ESP)

• Infill drilling needs
• Reservoir spread and structure

• Need for oil/condensate storage
• Marine loads – Oceanographic environment

• Wind, waves, current

Only floating structures SPAR, TLPs 
and Semi‐subs have “small” 
movement ranges suitable for dry 
X‐mas trees

41
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Possibility for jackets without drilling package

https://www.youtube.com/watch?v=‐vJmAvqn6dU

Possibility for jackets without drilling package

43
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Possibility for jackets without drilling package

https://www.offshoreenergytoday.com/offshore‐safety‐watchdog‐to‐investigate‐maersk‐invincible‐incident/

Njord: subsea wells with well intervention possibility

45
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Layout of subsea systems – template wells

Layout of subsea systems – template wells

47
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Satellite wells

Jumpers for satellite wells (if close)

49
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Template wells vs satellite wells – similar dilemma to dry versus 
wet X‐mas tree

• Long deviated wells
• Wells are drilled from one

location, no need to spend rig
mobilization time

• Less subsea equipment

• Shorter, vertical wells
• The drilling rig must be mobilized often which costs

money
• More flowlines, pipelines. Manifolds are required

The production manifold

51
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The production manifold

4 well template – the production manifold

53
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The manifold

The manifold – reality vs sketch

55
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4 well template – weight transfer

57
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Metering ‐ onshore

Metering onshore – test separator

55

56
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Metering subsea – test line

Metering subsea – multiphase meter

57

58
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Metering requirements affect field layout ‐ Brazil

http://www.anp.gov.br/wwwanp/?dw=66648

59
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Metering requirements ‐ Brazil

https://www.marinetechnologynews.com/news/reviewing‐
sapinho‐system‐564661

$$$

Metering requirements ‐ Norway
http://www.npd.no/Global/Engelsk/5‐Rules‐and‐
regulations/NPD‐regulations/Maaleforskriften_e.pdf

61
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Pigging requirements

Pigs

63
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Pigging loop and subsea pig launcher

65
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The pigging valve

Pig launcher and receiver

67
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Pigging ‐
video

69
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Summary table

Dry X‐mas trees Wet X‐mas trees

Deep water (1700 m+) X

Reservoir is “spread” or 
multiple reservoirs

X

Frequent well intervention X

Flow assurance concerns X

Plans for infill drilling (and 
coping with reservoir 

uncertainty)*

X X

Progressive production 
startup

X

Jacket, GBS, SPAR, 
TLP

ALL

Combinations can be used

https://www.akerbp.com/en/our‐assets/production/ivar‐
aasen/the‐development‐solution/

71
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Some selection criteria for offshore structures

• Water depth
• Type of X‐mas tree

• Well intervention needs
• Tubing replacement
• Completion modifications
• Artificial lift (ESP)

• Infill drilling needs
• Reservoir spread and structure

• Need for oil/condensate storage
• Marine loads – Oceanographic environment

• Wind, waves, current

Need for liquid storage

73

74
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Other selection criteria for offshore structures

• Previous experience
• Riser issues
• Topside upgrade flexibility
• Manufacturing workshop availability
• Maturity of technology
• Maintenance and OPEX

75
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Class 20240411 

Outline: 

Recap of content covered in previous weeks: 

• How to quan�fy the effect of uncertainty in field development 
• Offshore structures 

Review of exam ques�ons (2023) related to offshore structures 
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Flow assurance analysis of the Snøhvit pipeline using Hysys 
 
Snøhvit is an offshore gas field located in the Barents Sea 158 km from Hammerfest currently 
under development. The field will be developed with the “subsea to beach” concept.  The gas 
production will be taken by an LNG plant and transported further in LNG carrier to customers 
in US and Spain. The plateau rate of the field has been set to 20 E6 Sm3/d and Equinor plans 
to maintain it until year 2032.  

   
 
According to the base case Scenario (BCS) selected for the study, the field is completed 
subsea with three subsea templates, each with 3 wells. 

 
You are asked to perform a steady-state, 1D simulation using the simulator Hysys to 

compute pressure and temperature drop along the main transportation pipeline from the 
PLEM to the slug catcher. The main goal is to assess hydrate formation. You have to perform 
your calculations for the plateau phase. 
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Tasks: 
• Tabulate and plot pressure, temperature and liquid holdup along the pipeline. Compute 

the total amount of liquid in the pipeline (this can be calculated by integrating the 
holdup along the pipeline). 

• Plot the phase envelope (p-T diagram) of the gas mixture illustrating the saturation 
lines (bubble and dew point lines) and the quality lines inside the two-phase region 
(0.01, 0.02, 0.03, 0.04, 0.05, 0.1, 0.2). Plot also the hydrate line provided. Indicate in 
your plot the following: 

o Cricondenbar and Cricondentherm points 
o Plot the p-T along the pipeline on top of the p-T diagram. Detect if there is any 

condensate retrograde behavior. In this context condensate retrograde behavior 
is when the liquid stops condensing in the pipeline and it starts evaporating 
(the quality, mliquid/mtotal, starts to diminish)  

o Will hydrates form in the pipeline?  
 
Solving suggestions 
 

• Suggested layout in Hysys is shown below. First saturator representing saturation with 
water at reservoir conditions (276 bara and 92 C), then heat exchanger, to bring 
pressure and temperature of the stream from reservoir conditions to plem conditions. 
Then pipeline to model pressure and temperature drop in the pipeline.  

 
Pressure and temperature are specified in the streams “Reservoir water”, “Reservoir” and 
“PLEM”. Composition is specified in Streams “Reservoir water” and “Reservoir”. Mass rate 
is specified in stream “Reservoir”. The mass rate can be estimated by multiplying the standard 
conditions gas rate of the field times the density of the gas at standard conditions (20 E06 
Sm3/d * 0.67 kg/m3) 

• Remember that Hysys performs its calculations co-current. This means that you 
provide a plem pressure and temperature, and a molar rate at the inlet of the pipeline, 
then Hysys calculates the separator pressure. However, separator pressure has to be 30 
bara. Therefore, it is necessary to use an ADJUST to iterate on plem pressure to get 30 
bara at the separator. 

• Get the points for the elevation profile of the pipeline using the webplot digitizer 
https://automeris.io/WebPlotDigitizer/   

• Water should be included in your calculations. Assume the well stream is saturated 
with water at reservoir pressure and temperature (92 oC). For this use the water 
saturator unit available in hysys. 

• There might be a mismatch between the pressure drop calculations in Hysys and the 
ones performed previously with Excel. Hysys considers the effect of liquid on the pipe 
and the variation of density and viscosity of the fluids. 

• Use increments of 1 km for your calculations. 
• The hydrate equilibrium line can be found in the “envelope” attachment to a stream in 

Hysys. 

https://automeris.io/WebPlotDigitizer/
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Available information 
 

• Pipeline profile. Use the program webplotdigitizer 
(https://automeris.io/WebPlotDigitizer/) to “steal” the poins from the chart below. 
Use at least 10 points. 

 
 

Pout (Slug catcher pressure) [bara] 30 
Tseabed [C] 6 

 
Component Mole % 

Nitrogen 2.525 
Carbondioxide 5.262 

Methane 81.006 
Ethane 5.027 

Propane 2.534 
i-Butane 0.4 
n-Butane 0.83 
i-Pentane 0.281 
n-Pentane 0.308 
Hexanes 0.352 
Heptanes 0.469 
Octanes 0.407 
Nonanes 0.203 
Decanes+ 0.397 
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Density of Decane+: 814 kg/m3 
MW of Decane+: 172 kg/kmol 
 
The overall heat transfer coefficient of the pipeline assuming that the pipe is “naked” is: 10 
W/m2 K 

 
 
Pipe diameter information: 
 
Inner diameter of the steel pipe ID, [mm] 678.2 
Outer diameter of the steel pipe OD [mm] 711.2 

 
Some help with Hysys: 
 
You can run Hysys remotely from your computer using  
https://farm.ntnu.no   
Alternatively, Hysys is installed in some computers in the computer lab on the 3rd floor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://farm.ntnu.no/
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Solution (worked out in class): 
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Flow assurance considerations in 
hydrocarbon field development and 
planning

Prof. Milan Stanko (NTNU)

Issues

• microorganism growth

Naphtenates

Foam

1

2
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Hydrates

https://www.youtube.com/watch?v=Oz4NLXfdqpA

Hydrates ‐ conditions

3

4
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Hydrates ‐ conditions

Wax

Paraffins (C18 ‐ C36) 
TAKEN FROM EQUINOR

5

6
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Wax

Wax

7
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Wax

y = ‐0.1230x + 5.0818
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Wax

Asphaltenes

TAKEN FROM EQUINOR
(KALLEVIK)

11

12
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Scale
+

p↓
T↑

TAKEN FROM EQUINOR (SANDENGEN)

Erosion

13

14
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Slugging

https://www.youtube.com/watch?v=j59QLHsTs_c

Slugging – impact on separator operation 
LAL: Level alarm low
LAH: Level alarm high
LALL: Level alarm low low
LAHH: Level alarm high high

https://pubs.spe.org/en/ogf/ogf‐article‐detail/?art=1028

15

16
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Slugging – impact on separator operation 

Slugging – slugcatcher handling slugs

https://www.youtube.com/watch?v=LKLW5284adI

17

18
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Corrosion

Oil‐water emulsions

19

20
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Oil‐water emulsions

Oil‐water emulsions

21

22
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Foam

https://www.arab‐oil‐naturalgas.com/foam‐in‐oil‐gas‐
separators/

https://www.crodaoilandgas.com/en‐gb/discovery‐
zone/functions/foamers

Flow 
assurance 

issue

Causes Potential Consequences Prevention/solution Tools available for analysis

Hydrates • Small gas HC molecules
• Free water
• Begin to form at a given p and

T (low T, high P) given by 
thermodynamic equilibrium of 
the hydrate phase.

• Blockage of flowlines and 
pipelines

Reduce the hydrate formation region:
•Continuous or on‐demand injection of
chemical inhibitor (MEG or MEOH)
Stay out of hydrate formation region:
•Improve thermal insulation
•Electric heating
Others:
•Cold flow*
•Water removal and gas dehydration*

To determine Hydrate formation conditions:
•Laboratory tests
•Empirical correlations
•Thermodynamic simulators (e.g. Hysys, PVTsim, 
Unisim)
To determine p and T along the pipe:
•Multiphase simulator (Olga, LedaFlow).
•Computational fluid dynamics (CFD)

Wax • Composition of the crude oil
• Begins to form at given p and 

T due to changes in solubility
• Cold wall

In wells, flowlines and pipelines:
•Increase pressure drop (pipe 
roughness)
•Reduction of cross section area
•Pipe blockage
•Changes fluid rheology
•Gelling (problem for startup)

• Pigging
• Thermal insulation 
• Electric heating
• Chemical inhibitors
• Chemical dissolvers
• Pipe coating
• Cold flow*

• Laboratory tests
• Transient multiphase simulators (e.g. Olga, 

LedaFlow)
• Computational fluid dynamics (CFD)

Slugging • Dynamics of multiphase flow 
of liquid and gas

• Reduction of rate
• Liquid accumulation on low 

points

• Fluctuating liquid and gas input 
to processing facilities

In flowlines and pipelines:
• Vibration
• Added pressure drop
• Fatigue

• Change separator size
• Pipeline dimensioning
• Maintain flow above minimum flow rate
• Gas lift in riser base
• Choking topside
• Pipeline re‐routing
• Subsea separation*

• Transient multiphase simulator (OLGA, LEDA)
• Structural analysis (usually with FEA, e.g. Ansys)
• Laboratory experiments

Scaling • Changes in solubility (e.g. 
changes in P and T conditions,
changes in pH, mixture of 
incompatible water, CO2 
injection)..

• Irregularities on surface

In wells, pipelines and flowlines:
•Reduction of cross section area
•Pipe blockage
•Malfunctioning of valves and 
equipment

• Continuous injection of chemical inhibitors
• Dilution by adding more water 
• Chemical dissolvers
• Mechanical removal
• Coating

• Laboratory tests
• Simulation tools

23

24
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Flow 
assurance 

issue

Causes Potential Consequences Prevention/solution Tools available for analysis

Erosion • Sand production
• High flow velocities
• Liquid droplets in the gas
• Gas droplets in the liquid

In wells, pipelines and flowlines:
•Structural damage
•Vibration
•Leaks
•Corrosion

• Change geometry
• Replacement and maintenance of 

components
• Reduce flow rate (reduce formation 

drawdown)
• Sand separation*
• Coatings

• Standards (DNV‐RP‐0501)
• Computational fluid dynamics
• Laboratory testing

Corrosion • Water
• O2
• CO2
• H2S

• Leaks
• Integrity

• Coatings
• Material selection
• Surface passivation

• Laboratory testing

Emulsions • Emulsification agents in the
crude

• Mixing, shear when flowing 
through valves, chokes, etc

• Added pressure drop
• Increased separation time

• Injection of demulsifiers
• Heating

• Laboratory tests
• Multiphase models

Asphaltenes • Crude with asphaltenes
• Pressure reduction
• Addup of light hydrocarbon 

components

• Blockage of formation, well, 
flowline and pipeline

• Loss of equipment functionality
• Emulsification and 

foamification

• Mechanical removal
• Chemical injection

• Laboratory tests
• Some simulation tools

Measures and consequences

• Chemical injection
• System design, e.g.

o pipe and component insulation
o heat tracing
o dead legs
o pipeline routing

• Well intervention needs
• Water injection strategy
• Define procedures when shutting down

and starting up
• Ensure proper distribution of chemicals

25

26
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Example of chemical injection program

Release and disposal of chemicals

From Ivar Aasen PDO, 
Del 2

27
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Release and disposal of chemicals

From Johan Castberg 
PDO, Del 2

More about production chemicals

29

30
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Flow assurance evaluation during field planning

Business case 
identification

Project 
planning

Project 
execution

Operations Decommissioning

Discovery DG0 DG2 DG4DG1 DG3

• Detect potential
showstoppers and
communicate 
technical constraints
and repercussions to
field planner

• Laboratory tests

Business case 
identification

Project 
planning

Project 
execution

Operations Decommissioning

Discovery DG0 DG2 DG4DG1 DG3

Refine the flow assurance 
strategy
‐More laboratory tests
‐Management plan
‐prediction of p and T
‐Study of startup and shutdown
‐System design and verification
‐FIV

Flow assurance evaluation during field planning

31

32
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Injection of production chemicals subsea

Injection of production chemicals

33
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Umbilicals, injection of production chemicals

Umbilicals, injection of production chemicals

35
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Release and disposal of chemicals

37
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Injection of production chemicals – template wells

Injection of production chemicals – template wells
CONNECTION TO
UMBILICAL

39

40
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Injection of production chemicals in well

41

42
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DEAD LEG

43

44
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Tools for analysis

• Laboratory tests of fluids (oil, gas, water)
• Steady state flow simulators (Hysys, Gap, Pipesim, Olga,

Leda, FlowManager)
• Transient flow simulators (Olga, LedaFlow,

FlowManager, Hysys)
• Thermodynamic or PVT simulators (PVTsim, Hysys)
• Standards (DNV, API)
• CFD simulation for 3D flow analysis of pressure and

temperature (Comsol, Ansys)
• Finite element analysis for structural analysis and heat

transfer in solids (Abacus, Ansys)

45
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Home exercises                            Class exercises/Class group work                                       Quizzes 
 

PENSUM: 

• Field development workflow. 
o Lifecycle of a hydrocarbon field 
o Overview – The field development process  
o Production modes 
o Discounting  
o Relationship between plateau height and length 
o Rule of thumb between plateau height and TRR  
o Bottlenecking and processing capacity (separation capacity)  
o Onshore vs offshore  
o Oil vs gas  
o Video recording of presentation about Aasta Hansteen development 
o Familiarization with SODIR website 

• Excel VBA, functions, and routines. 
• Topside processing 

o Overview 
o O-G-W Separation and stabilization (Exercise with Hysys) 
o Separation capacity 

 Droplet settling theory 
 Droplet size distribution 

o Horizontal separator design 
o Oil content in disposed water 

• Field production performance 
o Estimation of production profiles 
o Dry gas production system: material balance, IPR, TPR, FPR, choke, flow equilibrium.  
o Production scheduling  
o Measures to prolong the plateau.  
o Boosting  
o Approaches to generate production profiles, coupling reservoir and wellbore models 
o Dry gas networks.  
o CO2  accountancy 

 CO2 emissions and CO2 value chain  
 Injection scheduling for the Snøhvit field 

o Production potential 
• Value chain model, cost estimation and NPV calculations  
• Dealing with uncertain parameters in FD  

o Probabilistic reserve estimation  
 Monte Carlo  

o Decision and probability tree analysis  
• Introduction to Python, Jupyter Notebook  
• Offshore structures 

o Overview  
o Layout of production systems  
o Marine loads on offshore structures  

• Flow assurance considerations  
o General overview 
o Inhibitor subsea system. Disposal. 
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o Simulation of pipeline using commercial software (Hysys) 

 
Lecture material : 

• Live lectures 
• Youtube videos 
• Reading material 
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Q&A before the exam 
 

If you have questions from now until the date of the exam, I suggest the following alternatives: 

• Use the Blackboard forum 
• Send an email to the TA or to me 
• We can arrange general Q&A sessions for several people with the TA or me, or both, if this is 

necessary. Please, send an email to the TA or to me to make this request. 

Final exam 

-Date: 6th June, 2024, 15:00-19:00. SL311 brun sone 

-The exam accounts for 100/100 points, and it will be conducted in Inspera. The exam questions will 
add up to 100 points that will then be converted to grade letter. 

-You can see examples of previous exams in the side menu of Blackboard, under the point "Previous 
exams" 

-The exam covers all the materials provided during the course, but emphasis is made on the material 
covered in the class exercises/group work, home exercises, quizzes, and lectures. 

The following items will NOT be covered in the exam: 

• Python, HYSYS. 

• The presentation on Aasta Hansteen  

-The value of each exam task will be provided in Inspera. 

-The exam will be applied in Inspera, using an NTNU computer and in a NTNU examination room. No 
aids are permitted. A specific basic calculator is allowed (although it is not necessary). In the 
examination computer you will have access to the internet browser to see the Inspera test, the 
Windows Explorer, and some basic Windows programs such as Microsoft Office (Word, Excel, 
PowerPoint). 
 
-Milan will pass by at approximately 1 hour after the examination has started. The total duration of the 
exam is 4 hrs. If you need to reach Milan before or after that, contact the invigilators to call me. 
 

-If you need to deliver several files as part of your answer, use a compressed (for example zip) file. 

-The exam hasn't been prepared yet, but it could be a combination of long answer questions, value-fill 
questions in Inspera, and questions using Excel (where the problem must be solved in Excel and the 
Excel file is delivered).  

-After the exam is ready, Milan will publish information about number and type of questions on Inspera 
(1-2 weeks before the exam date). 

A long exam question may be structured in the following way: 

• Question text (indicating the number of points that the problem is worth) 
• Data 
• Link to download an Excel file (if any). The Excel file contains, in most cases, the problem's 

data, a suggested structure layout to solve the problem and some useful VBA functions. 
• A long answer field, to provide a brief explanation about how you solved the problem 
• A link to upload the Excel file containing your solution (if any) 
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• A link to upload additional files, e.g. images, sketches, word document, pdf, etc. (if any).  
 

-When solving the exam, make sure that you make clear the procedure used to solve it, either by 
adding text to the Excel file, or by filling the text box. 

-During the exam, when working with Excel, remember to save often. 

-When you first download and open the Excel file, make sure to enable macros and make it a trusted 
document, otherwise you will have issues using the VBA functions. You can also save it with a 
different name so the computer recognizes it as its own.  

-If you want to provide hand-written notes, I believe you will need to use the tablet provided on the 
table.  

-Other relevant information: 

• https://innsida.ntnu.no/wiki/-/wiki/English/Pack+and+unpack+zip+files 
 

Evaluation 
 

-In most questions, you will be graded based on both procedure and results. You could have made an 
error in a calculation, but if the procedure is correct, you will still get points. 
-The course will be evaluated using percentage points, later converted to letters. The following limits 
will be used: https://innsida.ntnu.no/wiki/-/wiki/English/Grading+scale+using+percentage+points  
 

https://innsida.ntnu.no/wiki/-/wiki/English/Pack+and+unpack+zip+files
https://innsida.ntnu.no/wiki/-/wiki/English/Grading+scale+using+percentage+points
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