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

• Teaching assistant: TBD
• Lecture schedule (Zoom or P11)

– Tuesdays, 09:15-12:00 (theory and exercises)
– Fridays, 14:15-16:00 (theory and exercises)

• Course description

Information
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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?

– Anonymous comment box
• Use Blackboard to navigate the course

– Use the forum for Q&A
– Join a group before delivering the exercise (even if one person 

only!!) 

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

and Graham)

Reference material
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• 60% exam (digital home exam in Inspera 9-June, 9:00-
12:00, all material allowed).
– Previous years exams
– Examples 2018, 2020, 2021
– Make it nice, easy to understand and follow. When provided, use 

the Excel template

Evaluation
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• 40% - assignments
– All assignments must be delivered to get access to the exam, 

and at least get 20/40 (pass)
– Home exercises (delivered in Inspera). Deadline probably in 

April. Individual delivery. Working in groups is allowed.
• (Most likely) non-graded partial deliveries in BB to check progress 

and give feedback → group delivery allowed
– Codes of approval of all online quizes. (X/40)
– Let me know early if there is a deadline conflict with other 

courses
– Work on the assignments during the semester!

Evaluation
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• Digital, until further notice
• Flipped classroom

– Participants watch by themselves pre-recorded videos (ca 45 
min) (on Youtube)

– Live classes every week/2 weeks
• Discussing further theory, exercises, tutorials on software, Q&A, 

advanced topics
• In person or via Zoom, depending on the situation
• Classes will be streamed via Zoom, when possible, and the

recording will be shared on Blackboard

Teaching
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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

– It helps if you make your own annotations while watching (with 
pen and paper or on the pdf)

Teaching
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• Supposed to help you remember better
• Embedded on videos link2
• When a quiz is completed, a completion code will be 

shown at the bottom of the quiz – collect and save the 
code, this is a proof of completion
– Codes of completion will be submitted together with the home 

assignments in Inspera in an Excel sheet
– Codes are individual and non-transferrable
– Take the quiz using your computer
– We have ways to detect if you generate codes for others, don’t 

do it!, both codes will be invalidated

Quizzes
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• No solution key will be given
• 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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Course progress overview – Excel file
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• Excel (VBA)
• Python (Jupyter Notebook) –using Google Colab
• Hysys (Aspentech, run on ntnu farm) or DWSIM
• IPM (Petex) or Pipesim (SLB) – maybe?

Tools
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Questions?
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THE FIELD DEVELOPMENT PROCESS

Prof. Milan Stanko (NTNU)
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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.
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Key performance
indicators are
computed with the
value chain model
and are used to
take decisions in
the decision gate
process.
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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.
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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.
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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
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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!

Ref: Hydrocarbon exploration and production, Jahn et al.

CoreAll AS

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

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
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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
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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.
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IDENTIFICATION OF BUSINESS CASE ‐ TASKS
o Appraisal

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

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

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
• Wait for the government to study
the proposal
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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.
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https://www.youtube.com/watch?v=TzLAfzhqVHc
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https://www.youtube.com/watch?v=TiWOgTq0YD4
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DETAILED ENGINEERING, CONSTRUCTION, 
TESTING AND STARTUP
• Constructing wells. 
• Perform hand over to asset, operations
• Prepare for start‐up, operation and maintenance
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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. 
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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
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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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Intro to Excel VBA, functions and subs 

 There were no notes for this video  
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Youtube Video: approaches and models to compute production profiles
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Simplified dry gas production 
system
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live lecture 04.02.2022







Live lecture 08.02.2022
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Notes for Youtube: Net present value and value chain of a petroleum asset
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Lecture 18.02.2022





Lecture 20220222











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
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Example:
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Page 5 of 7 
 

 
Where p [bara], q in [m3/d]. Assume a constant pump efficiency ( ) of 0.6. Assume an 
oil formation volume factor (Bo) at the pump suction of 1.2 m3/Sm3. 
 
PROBLEM 4 (18 POINTS). Network solving. 
 
Consider the gas field with two wells, a manifold a pipeline and a separator shown in the 
figure below. The wellhead of the wells are very close to the junction so it can be safely 
assumed that the wellhead pressure and junction pressure are equal when the choke is open. 

 
Each well has a different H2S concentration as provided in the table below: 

Well name H2S concentration [mg/Sm^3]
Well 1 2.6
Well 2 10.0

 
The wellhead performance relationship (WPR, available pressure at the wellhead) of each 
well can be expressed with the following equation: 

 22
whwhswh ppCq   

Where pwhs is the static wellhead pressure recorded when the well is shut-in. The values for 
both wells are provided in the table below: 
 

Well Name Cwh [Sm^3/d/bara^2] Pwhs [bara]
Well 1 60 150
Well 2 100 135

 
The pipeline performance relationship (PPR, required pressure at the junction) can be 
expressed with the following equation:  
 

  5.022
sepjpl ppCq   

 
Where 
Cpl = 45 000 [Sm^3/d/bar^2] 
psep = 30 [bara] 
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You can also solve this problem graphically, the available and required pressure 
curves are provided at the end of the exercise. 
 
You tasks are: 
 
Task 1 (9 POINTS). Calculate the operating flow rates when the chokes are fully open. 
Verify if the H2S concentration of the field is higher than the maximum value allowed (5.7 
mg/Sm^3) 
Task 2. (6 POINTS) If the H2S constraint is violated, please find an operational point that 
does not violate the H2S constraint (by choking one or two wells). Hint: Fix the rate on 
both wells. Report the pressure drop across the chokes. 
Task 3. (3 POINTS) Will it be worth to apply model-based optimization to this problem?. 
Explain your answer. If yes, please explain how will you set up the optimization problem, 
what is the objective, what variables will you change and what are the constraints (In 
excel). Please specify where will you locate the input, output and in which cells are the 
objective, constraints and variables. 
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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?
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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)



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)



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



Lecture 20220301 

Useful links: 

 General information about python: 
https://en.wikipedia.org/wiki/Python_(programming_language)  

 Creator of python: https://en.wikipedia.org/wiki/Guido_van_Rossum  
 Origin of the name: https://en.wikipedia.org/wiki/Monty_Python  
 To install python, Jupyter Notebook, libraries, etc. on your computer: 

https://www.anaconda.com/  
 Online jupyter notebook by Google (no need to install): https://colab.research.google.com/  
 Desktop editors for python: https://www.jetbrains.com/pycharm/ , 

https://code.visualstudio.com/ , spyder (included in Anaconda) https://www.spyder‐ide.org/  
 Information about code version control and backup: 

https://www.w3schools.com/git/git_intro.asp?remote=github , https://github.com/  
 Course that Milan took on python: https://www.coursera.org/specializations/python#courses ,  

https://www.dr‐chuck.com/ , https://www.py4e.com/lessons  
 numpy documentation: https://numpy.org/doc/stable/index.html  
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Notes to Youtube video Dealing with uncertain parameters - frequency
                          and probability distribution



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



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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Notes to Youtube video How to handle uncertain parameters: 
                                                           Monte Carlo and LHS
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Notes to Youtube video Exercise - Reserve estimation in a spreadsheet using Monte Carlo



Probalistic_estimation_of_reserves_MCS 

#importing needed libraries 
import numpy as np #for math operations 
import matplotlib.pyplot as plt #library for plotting 
import pandas as pd #for creating and displaying a table 

#declaring necessary functions 
def Npu(por,RV,NTG,So,Bo,Fr): 
  #returns ultimate cumulative oil production in [stb, Sm3] 
  #input: 
  #por, porosity in [-] 
  #RV, rock volume, in [bbl, m3] 
  #NTG, net to gross ratio, [-] 
  #So, oil saturation, [-] 
  #Bo, oil formation volume factor [bbl/stb, m3/Sm3] 
  #Fr, ultimate recovery factor in [-] 
  TRR=por*RV*NTG*So*Fr/Bo 
  return TRR 

#defining input 
#porosity 
por_min=0.18 
por_max=0.3 
#rock volume [1E06 bbl] 
RV_min=5000 
RV_max=6250 
#Net to gross [-] 
NTG_min=0.3 
NTG_max=0.5 
#oil saturation [-] 
So_min=0.8 
So_max=0.9 
#Oil formation volume factor [bbl/stb] 
Bo_min=1.35 
Bo_max=1.6 
#recovery factor, Fr, [-] 
Fr_min=0.18 
Fr_max=0.35 
Fr_mode=0.25 

#creating random samples 
n=1000  #number of samples 
por_v=np.random.uniform(por_min,por_max,n) 
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RV_v=np.random.uniform(RV_min,RV_max,n) 
NTG_v=np.random.uniform(NTG_min,NTG_max,n) 
So_v=np.random.uniform(So_min,So_max,n) 
Bo_v=np.random.uniform(Bo_min,Bo_max,n) 
Fr_v=np.random.triangular(Fr_min,Fr_mode,Fr_max,n) 
 
#MC simulation 
Npu_v=Npu(por_v,RV_v,NTG_v,So_v,Bo_v,Fr_v) 
 

#frequency analysis on the results 
nr_bins=15 
bins=np.linspace(Npu_v.min(),Npu_v.max(),nr_bins) 
counts=np.histogram(Npu_v,bins)[0] 
pdf=counts/n 
bins_for_pdf_plotting=0.5*(bins[0:-1]+bins[1:]) 
#plot pdf 
plt.xlabel('ultimate cumulative oil production, Npu, [1E06 stb]') 
plt.ylabel('frequency') 
plt.plot(bins_for_pdf_plotting,pdf,label='pdf') 
plt.legend() 
plt.show() 
 

#plot cdf 
cdf=np.cumsum(pdf) 
bins_for_cdf_plotting=bins[1:] 
plt.xlabel('ultimate cumulative oil production, Npu, [1E06 stb]') 
plt.ylabel('cumulative probability distribution, cdf') 
plt.plot(bins_for_cdf_plotting,cdf,label='cdf') 
plt.legend() 
plt.show() 
 

#create a summary table 
 
Npu_mode= bins_for_pdf_plotting[np.argmax(pdf)] 

P90= np.percentile(Npu_v,10) 

P10= np.percentile(Npu_v,90) 

P50= np.percentile(Npu_v,50) 

Npu_max= Npu_v.max() 

Npu_min= Npu_v.min() 

Npu_mean= Npu_v.mean() 



summary_table=pd.DataFrame({ 
    "Variable":['Mean [1E06 stb]','Mode [1E06 stb]','Minimum [1E06 stb]','
Maximum [1E06 stb]','P90 [1E06 stb]','P50 [1E06 stb','P10 [1E06 stb]'], 
    "Value":[Npu_mean,Npu_mode, Npu_min,Npu_max,P90,P50,P10] 
}) 
summary_table 
 
#exporting results 
output=np.vstack((pdf_bins,pdf)) 
np.savetxt('data.txt',output.T) 
 
 
#how to make a function run element-wise for all members of an array 
def test_function(a): 
  if a>0: 
    result=0 
  else: 
    result=1 
  return result 
a=np.linspace(-6,6,10) 
V_test_function=np.vectorize(test_function) 
V_test_function(a) 
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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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Notes for Youtube video offshore structures 1
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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

4
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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

6
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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

8
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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

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



9

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

18
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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

20
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SPAR – Vortex induced vibrations

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

21

22

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



12

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

24
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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

26
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Tension leg platform

Comment about Tension leg platform

27

28
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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

30
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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

34
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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

36
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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

42
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Possibility for jackets without drilling package

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

Possibility for jackets without drilling package

43

44
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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

52
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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

56

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



29

4 well template – weight transfer

57
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Metering ‐ onshore

Metering onshore – test separator

55

56

notes for Youtube video offshore structures 2
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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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Notes for Youtube video Marine loads and offshore structures for hydrocarbon production



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)



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)



1

Flow assurance considerations in 
hydrocarbon field development and 
planning

Prof. Milan Stanko (NTNU)

Issues

• microorganism growth

Naphtenates

Foam

1

2

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

Notes for Youtube video Flow assurance considerations in Field development



2

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
R² = 0.9974
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Wax

Asphaltenes

TAKEN FROM EQUINOR
(KALLEVIK)

11
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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

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



9

Slugging – impact on separator operation 

Slugging – slugcatcher handling slugs

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

17
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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
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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
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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
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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
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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
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Injection of production chemicals in well

41
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DEAD LEG

43

44

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



23

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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Licensing
-only 10 licenses are available
-please work in groups (9)
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Licensing
-only 10 licenses are available
-please work in groups (9)
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Outline
• Licensing
• PROSPER
• MBAL
• GAP: Set up Production Network
• GAP: Solve Production Network
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Prosper (Well Model)
-open PROSPER
-save as
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Prosper – System Summary
-use default setting
-Fluid: dry and wet gas
-Method: Black Oil
-change unit system to 
Norwegian S.I.
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Prosper – PVT Input Data
-input PVT data (gas gravity, 
psep, condensate gravity)
-choose PVT correlation
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Prosper – PVT Input Data
-calculate PVT properties
-input Tres & Pres
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Prosper – IPR Data
-Reservoir model: C and n
-input reservoir data (Pres, 
Tres, C, n)
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Prosper – IPR Data
-calculate & plot
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Prosper – Equipment Data
-input deviation survey
-neglect surface equipment 
(since we only consider the 
flow to wellhead)
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Prosper – Equipment Data
-input downhole equipment
-pay attention with the 
measured depth, unit of 
tubing ID, & roughness
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Prosper – Equipment Data
-input geothermal gradient & 
overall heat transfer coefficient
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Prosper – Equipment Data
-input average heat capacities
-neglect gauge details
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Prosper – Analysis Summary
-select “system” option
-input Pwh, 
-use default tubing equation
-”Rate method”---User selected
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Prosper – Analysis Summary
-calculate
-plot  system plot  plot all 
cases  X-axis: liquid rate, Y-
axis: VLP & IPR pressure
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Prosper – Analysis Summary
-generate VLP table
-select “VLP” option
-go to “cases”
-select variables & generate 
variable data (you can use linear 
spacing & 20 breakpoints). Then 
you have 20 cases

276 bara 
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Prosper – Analysis Summary

-input Pwh = 100 bara (just to 
avoid it complaining)
-calculate
-select “export lift curve” 
choose “Petroleum Experts –
GAP/MBAL”  save in the same 
directory as your prosper file, 
and with the same name
-done
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Outline
• Licensing
• PROSPER
• MBAL
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MBAL (Reservoir Model)
-open MBAL
-save as
-select “tool”  “material 
balance”
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MBAL - Options
-select “options”
-use default setting
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MBAL – Unit System
-select “Units”
-change unit system to 
Norwegian S.I.
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MBAL - PVT
-select “PVT”  fluid properties
-input PVT data
-select PVT correlations
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MBAL - Input
-select “Input”  tank data
-input tank parameters
-be careful with the unit of OOIP
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MBAL - Input
-input water influx
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MBAL - Input
-input relative permeability
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Outline
• Licensing
• PROSPER
• MBAL
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GAP (Network Model)
-open GAP
-save as
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GAP
-open “options”  “method”
-system type: production
-PVT model: black oil
-for the rest, use default setting
-change unit system to 
Norwegian S.I.
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GAP: Reservoir: Summary tab

-add tank icon rename the tank
-double click to edit tank properties
-include MBAL model
-done
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GAP: Well:  Summary tab

-add well icon rename the well
-double click to edit well properties
-’summary’ tab  change welltype
and add path to prosper file
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GAP: Well: Input tab: VLP Tab

-’input’ tab  ‘VLP’ tab 
‘import’  VLP table in TPD format
-done
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• ’input’ tab  ‘”IPR” tab
• Choose IPR type to “C and n” to 

have the same expression in 
PROSPER 

GAP: Well: Input tab: IPR Tab
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GAP: Well

Menu: generate – well IPR from Prosper –All - Generate

Transfer IPR data
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GAP: Well

-add connection between reservoir and well



41

GAP: Well: Input tab: IPR Tab
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GAP: Well: Input tab: More… Tab
Prediction fractional flow model: 
From Tank Model
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GAP: Well: Input tab: Control Tab

-’input’ tab  ‘control’ tab
-change dp Control to allow well
choking
-done
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GAP: Production Layout
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GAP: Separator
-add separator icon choose
‘production separator’  rename it
-connect the system with the
separator
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GAP: Joint (Xtree, Manifold, etc)

-add joint icon
-Rename the joint label
-pipeline is modelled between 2 
joints
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GAP: Adding more wells

-All wells are identical, thus, copy
and paste wells (8 times)
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GAP: Adding more wells

-All wells are identical, thus, copy
and paste wells (8 times)
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GAP: Joint (Xtree, Manifold, etc)
-connect the joints
-connect wells and separator to 
the joints
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GAP: Pipeline: Summary tab

-double click in the selected pipeline
-open ’summary’ tab  select PVT 
correlations
-leave the other things as defaults
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GAP: Pipeline: Input tab

-open ’input’ tab  open
‘environtment’ sub-tab
-input ambient temperature (= 4 degC)
-input U (= 5 W/m2/K) 
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GAP: Pipeline: Input tab
-open ’input’ tab  open
‘description’ sub-tab
-input pipeline properties: length:
5000 m for flowline
158600 m for  pipeline
ID:
0.355 for flowline
0.68 m for pipeline
, roughness (=0.015 mm)
-done
-repeat for the other pipelines

inlet

outletInlet TVD
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GAP: Separator

-double click on the separator icon
-open ‘input’ tab  open
‘constraints’ tab
-input the gas plateau rate

Setting up constraint
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GAP: All System

Circle = variable

arrow = constraint
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Outline
• Licensing
• PROSPER
• MBAL
• GAP: Set up Production Network
• GAP: Solve Production Network
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GAP: Solve Network
-open ‘solve network’ to solve the
production network at t = 0
-run network solver
-input separator pressure
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GAP: Solve Network
-since we have a constraint to be 
satisfy, choose ‘optimise with all 
constraints’ mode
-calculate
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GAP: Solve Network
-to see the results, open ‘results’ tab 
 ‘summary’  ‘all items’
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GAP: Prediction
-to generate the production profile, go
to ‘prediction’  ‘Run prediction’
-set prediction timespan & timestep size
(in this exercise, you can use dt = 1 year)
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GAP: Prediction
-input separator pressure
-since we have a constraint to be 
satisfy, choose ‘optimise with all 
constraints’ mode
-calculate
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GAP: Prediction
-to see the results, open ‘prediction’ 
‘plot nodes prediction results’  select
all equipment types  plot



62

Questions



TPG 4230 Spring 2022 – Prof. Milan Stanko, Assistant Leonardo Sales  IPM exercise 

1. Snøhvit subsea gas well modeling in Prosper  

Fluid information: 

Use the black oil model for your PVT behavior. 

WGR = 0 Sm3/Sm3 
CGR = 0 Sm3/Sm3 
Condensate density = 751 Kg/m3 
Gas gravity = 0.55 
Formation Water salinity = 0 ppm 
No H2S, CO2, N2. 

Well layout: 

Deviation survey 

MD [m] TVD [m]
0 0

2100 2100
Geothermal gradient 

MD [m] T [C]
0  4 
2100 92

 

 

Flow in tubing, tubing diameter 0.15 m 

Overall wellbore heat transfer coefficient = 45 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 
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Tasks:  

 Create a Prosper model of a Snøhvit subsea gas well.  
 Estimate the producing rate using flow equilibrium assuming that the well is producing 

against a constant wellhead pressure of 100 bara 
o Compare the resulting TPR curve (curve of required flowing bottomhole pressure 

versus gas rate, for a constant wellhead pressure of 100 bara) against the curve used 
in Excel (with the CT and S). If necessary, adjust the CT and S in Excel to match the 
results from Prosper. 

 Generate and export lift curves to be used in GAP (in the following exercise). pwh range: 30‐
276 bara 
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2. Creating MBAL file of the Snøhvit reservoir 

Fluid information: 

Use the black oil model to represent your PVT behavior. 
Gas gravity = 0.55 
Condensate gravity = 751 Kg/m3 
At initial conditions no water. 
Formation Water salinity = 0 ppm 
No H2S, CO2, N2. 
Temperature: 92 C 
Initial pressure: 276 bara 
Porosity: 0.15 
Connate water saturation: 0.25 
Original oil in place: 270 000 E6 Sm3 
Start of production: 05.04.2022 
Water influx: No aquifer 
Rel Perm: Corey Functions 

 

Tasks:  

 Set up a MBAL model of the Snøhvit dry gas reservoir.  
 



TPG 4230 Spring 2022 – Prof. Milan Stanko, Assistant Leonardo Sales  IPM exercise 

3. Modeling of the Snøhvit subsea network with nine gas wells in GAP 

The layout of the production network layout is shown below.  

 

All wells are identical  
Pipeline and flowline heat transfer coefficient:  5 W/m2 K 
Pipeline ID: 0.680 m, roughness 1.5e‐5 m 
Flowline ID: 0.355 m, roughness 1.5e‐5 m 
 
Tasks:  

1. Build the GAP model of Snøhvit subsea wells producing to the LNG plan in Melkøya. 

2. Run a network simulation ( ) for initial time. Try the following options: 
a. Set DP choke control in wells to “fixed value” equal to zero bar. Report well and field 

rate. 
b. Set DP choke control in wells to “fixed value” equal to 30 bar. Report well and field 

rate. 
c. Set DP choke control in wells to “Calculated”.  Add a constraint to the separator for 

the maximum allowed gas rate to be equal to 20 E06 Sm3/d. Solve the network with 
“optimization”. Report well rates. Plot the evolution of pressure and temperature 
along the long pipeline. 

3. Estimate and plot production profiles1 for the cases shown below. Do your computations 
until field rate goes below 5 E06 Sm3/d.  

o Gas plateau rates of 15, 20, 30, 40 E06 Sm3/d  
4. For the case of plateau rate equal to 20E06 Sm3/d:  

a. Add the real elevation profile of the pipeline (see the image attached). Repeat your 
calculations and compare the production profile agains the one obtained in task 3.  

b. Modify the backpressure coefficient of all wells in the same template (e.g. to C = 800 
Sm3/d/bara). Predict production profiles and compare against the results of task 3. 

 
1 Set DP choke control in wells to “Calculated”. Add a constraint to the separator for the maximum allowed gas 
rate to be equal to the plateau rate. Then make a run using prediction mode, selecting the option of 
optimization with constraint. 
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Calculate and plot the production share from that template versus time 
(qtemplate*100/qfield) 
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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 a 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. 
 
Tasks: 
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 Tabulate and plot pressure, temperature and liquid holdup along the pipeline. Compute 
the total amount of liquid in 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 

 Remember that Hysys performs its calculations co-current. This means that you 
provide a pwh pressure, Twh temperature, and a molar rate at the inlet of the pipe, and 
Hysys calculates the gas flow rates at the exit of the separator and the separator 
pressure. However, separator pressure has to be 30 bara. In order to force Hysys to 
reach this value, it is necessary to use an ADJUST.  

 Water should be included in your calculations. The well stream is saturated with water 
at reservoir pressure and temperature (92 oC) 

 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. 
 
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. 
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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 

 
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 
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Use the following 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. 
If you need some help getting started with Hysys, watch the introductory video: 
https://www.youtube.com/watch?v=3h6i_K_3yq0   
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Solution (worked out in class): 
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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

 Excel VBA, functions and routines.
 Field production performance

o Estimation of production profiles
o Dry gas production system: material balance, IPR, TPR, FPR, choke, flow equilibrium.
o Dry gas production system: production scheduling
o Measures to prolong the plateau.
o Production potential
o Boosting
o Dry gas networks.

 Value chain model, cost estimation and NPV calculations
 Introduction to Python, Jupyter Notebook
 Dealing with uncertain parameters in FD

o Probabilistic reserve estimation
 Monte Carlo

o Decision and probability tree analysis
 Presentation by Inflow Control
 Offshore structures

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

 Presentation and group work for Exercise set 1
 Flow assurance considerations

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

 Field production performance using commercial software (GAP and PROSPER)
 Presentation by Prof. Bahman Tohidi (HW) on Cold Flow

Home exercises 
Class exercises 
Quizzes 

Lecture material : 

 Live lectures
 Youtube videos
 Reading material
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 Video recording of presentation about Aasta Hansteen development 

   



Delivery of work (40%) 
 
The delivery of the quiz completion codes and Exercise set 1 is set for the 06.05, at 23:59, in 
Inspera. You can deliver anytime from now until that date. You should have already received an email 
from Inspera informing you about this. The delivery is individual. 
The form in Inspera has two questions, one for the quiz codes, one for Exercise set 1. 

For the quiz codes, the question looks like this:  

 
  

For Exercise set 1, the question looks like this: 

  

For this item, upload a zip folder with all the files comprising your solution for Exercise set 1 (e.g. 
Excel, Powerpoint, Word, etc). Indicate with whom you have worked with and if your deliveries are 
identical or not.     

I will try my best to correct these deliveries and give you the grades before the exam.  



The quizzes will account for 20/100 points. Remember you have to deliver the approval code for all 
quizzes to gain access to the exam. There are a total of 14 quizzes. There is no half grade, If you 
deliver codes for all quizzes you will get 20 points. 

The exercise set 1 accounts for 20/100 points 

QCing your quiz codes 
 

I have made a "quiz code checker", available in the following 
website: http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/2022/Quizzes/Quiz_code_checker.ht
ml. This utility allows you to check the status of quiz completion codes, i.e., if they are valid and to 
which quiz they correspond to.  
 
 

Last meeting of reference group 

I will ask the reference group to meet one last time (probably next week) to summarize their findings 
and prepare the final report. Please convey your comments (of things that worked well, or for 
improvement) to them. I might send a survey for you to fill. Remember that your feedback is important, 
especially for future courses. 

Additional Q&A sessions 
 

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 Nabeel or to me 

We can arrange general Q&A Zoom sessions for several people with Nabeel or me, or both, if this is 
necessary. Please, send an email to Nabeel or to me to make this request. 

Final exam 

-Date: 09 Jun, 2022, 9:00-12:00 

-The exam accounts for 60/100 points, and it will be conducted in Inspera. The exam questions will 
add up to 100 points that will then be converted to 60. 

-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 quizzes, homework and lectures. 

-There will be no Python, HYSYS nor GAP/PROSPER/MBAL (IPM) for the exam. 

-The guest presentations (inflow control, Prof. Tohidi) will not be covered in the exam. 

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

-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). The exam is usually 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) 
 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. 

-The digital exam department recommends you use Excel available on your computer. Therefore, 
make sure that Excel works properly on your computer, that you have access to the VBA module, and 
that the Excel Solver is installed and working properly.  

-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 your computer recognizes it as its own.  

-If you encounter technical problems during the exam, in the cover page there will be a telephone 
number of Oracle to get assistance. 

-If the Excel on your machine encounters problems, you can also run it on the exam farm of NTNU 
(examfarm.ntnu.no. See instructions about how to connect here: https://innsida.ntnu.no/wiki/-
/wiki/English/Home%20Exam%20with%20third%20party%20software ).  It seems that when 
connecting to examfarm.ntnu.no it opens a virtual desktop where you can run Excel in.  
 
-Other relevant information: 

 https://innsida.ntnu.no/wiki/-/wiki/English/Digital+home+exam+-+for+students 
 https://innsida.ntnu.no/wiki/-/wiki/English/Home%20Exam%20with%20hand%20drawings 
 https://innsida.ntnu.no/wiki/-/wiki/English/Pack+and+unpack+zip+files 

 
Evaluation 

 
-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  
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