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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.

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.

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 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

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.

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 Taning. 
Energean

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

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.

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 Page 13 Prof. Milan Stanko (NTNU)



13.01.2020

11

DG0 DG1 DG2 DG3

DG4

Identification of 
business case

Feasibility 
studies

Concept 
planning

Pre 
engineering

Operations
Abandonment 
and 
decommissioning

Project planning

Project execution

Testing and 
start‐up

ConstructionDetailed 
Engineering

Exploration 
and appraisal

Pre‐
exploration

Discovery

Statement of 
Commerciality 
(SOC)

PDO

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.

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
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PRE‐ENGINEERING ‐ TASKS

Ref: PDO Ivar Aasen. Det Norske

PRE‐ENGINEERING ‐ TASKS

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

Ref: PDO Ivar Aasen. Det Norske

PRE‐ENGINEERING ‐ TASKS

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

Ref: PDO Ivar Aasen. Det Norske

PRE‐ENGINEERING ‐ TASKS

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

Ref: PDO Ivar Aasen. Det Norske

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.

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

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.
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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

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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https://factpages.npd.no/factpages/Default.aspx?culture=en

http://www.ipt.ntnu.no/~stanko/files/Files/
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Class quiz 
Hide answers 
 
Q1:What does SOC stands for? 
20 sec 
 

 Statement of Commitment 

This is a wrong answer 

 Statement of Commerciality 

This is a correct answer 

 Statement of Conflict 

This is a wrong answer 

 Statement of Contribution 

This is a wrong answer 

 
Q2:How many decision gates do we normally have in a field development process? 
20 sec 
 

 3 

This is a wrong answer 

 5 

This is a correct answer 

 4 

This is a wrong answer 

 6 

This is a wrong answer 

 
Q3:How do we call the project management process that is commonly used in field 
development ? 
20 sec 
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 Status-gate 

This is a wrong answer 

 Phase-gate 

This is a correct answer 

 Waterfall 

This is a correct answer 

 Stage-gate 

This is a correct answer 

 
Q4:Which of the following activities are normally performed during a business case 
identification 
20 sec 
 

 Scouting, pre-exploration, prospect identification , Seismic 

This is a correct answer 

 Prepare the PDO 

This is a wrong answer 

 Create a reservoir model 

This is a wrong answer 

 Discovery assessment, appraisal, reserve estimation 

This is a correct answer 

 
Q5:What subphases are in the project planning? 
20 sec 
 

 Feasibility studies, concept planning, detailed engineering 

This is a wrong answer 
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 Feasibility studies, concept planning, pre-engineering 

This is a correct answer 

 Business case identification, Feasibility studies, pre-eng 

This is a wrong answer 

 Feasibility studies, concept planning, tech. requirements 

This is a wrong answer 

 
Q6:Flow assurance issues are evaluated in the project planning phase 
20 sec 
 

 True 

This is a correct answer 

 False 

This is a wrong answer 

 
Q7:The life cycle of a hydrocarbon field is comprised of 
20 sec 
 

 Exploration, appraisal, planning 

This is a correct answer 

 Construction and execution 

This is a correct answer 

 Production and operations 

This is a correct answer 

 Abandonment and decommisioning 

This is a correct answer 

 
Q8:PDO stands for 
20 sec 
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 Plan for Design and Operations 

This is a wrong answer 

 Plan for Development and Optimization 

This is a wrong answer 

 Plan for Development and Operations 

This is a correct answer 

 Plan for Utbygging og Drift 

This is a correct answer 

 
Q9:In the field development process, what follows after the project planning? 
20 sec 
 

 Appraisal 

This is a wrong answer 

 Project execution 

This is a correct answer 

 Identification of Business case 

This is a wrong answer 

 Operations 

This is a wrong answer 

 
Q10:What does FEED stand for? 
20 sec 
 

 First End Engineering Design 

This is a wrong answer 

 Field End Engineering design 
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This is a wrong answer 

 Front End Established Design 

This is a wrong answer 

 Front End Engineering Design 

This is a correct answer 

 
Q11:What of the tasks below are not performed during decommissioning? 
20 sec 
 

 Remove and bury subsea pipelines 

This is a wrong answer 

 well plugging and abandonment 

This is a wrong answer 

 debottlenecking 

This is a correct answer 

 recovery of material and recycling of equipment 

This is a wrong answer 

 
Q12:which of the following statements is false? 
20 sec 
 

 Field production mode A is always followed by mode B 

This is a wrong answer 

 A field could be produced using mode b and then mode a 

This is a wrong answer 

 production mode B is typically used for standalone projects 

This is a correct answer 

 In production mode A, the wellhead choke is opened gradually 
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This is a wrong answer 

 
Q13:Which one of the following tasks are performed during the business case 
identification phase? 
20 sec 
 

 Probabilistic reserve estimation 

This is a correct answer 

 simplified economic valuation of reserves 

This is a correct answer 

 appraisal 

This is a correct answer 

 Apply and obtain a production license 

This is a correct answer 

 
Q14:As a rule of thumb, how much is the annual offtake of an oil field in the north 
sea? 
20 sec 
 

 10% of the TRR 

This is a correct answer 

 3% of the TRR 

This is a wrong answer 

 5% of the TRR 

This is a wrong answer 

 0.1% of the TRR 

This is a wrong answer 

 
Q15:When is the reservoir pressure maintenance strategy planned in an offshore 
development? 
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20 sec 

 from the begginning

This is a correct answer 

 after some years producing the field

This is a wrong answer 

Q16:BONUS: what are the names of the members of the reference group? 
20 sec 

 Martinus, Ahmed

This is a wrong answer 

 Armen, Markus

This is a correct answer 

 Marius, Armen

This is a wrong answer 

 Markus, Ahmed

This is a wrong answer 

Q17:During the feasibility studies one or more development concepts must be 
identified and analyzed 
20 sec 

 true

This is a correct answer 

 false

This is a wrong answer 
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http://www.ipt.ntnu.no/~stanko/Field_Simulator.html
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http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/2020/Class_files/20200124/
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Code to run goal seek in several cells sequentially

The initial seed for field rate must give a valid solution:

To run the macro, a button can be created (link it to a macro).....                                          or the VBA interface:
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System of two linearequations with two unknowns
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TPG 4230 Spring 2020 – Prof. Milan Stanko, Student assistant Salma Alkindira  Class exercise 

 

1. Snohvit subsea gas well modeling in Prosper  

Fluid information: 

Use the black oil model for your PVT behavior. 

WGR = 0 Sm^3/Sm3 

CGR = 0 Sm^3/Sm^3 

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/m^2 K 

Reservoir info: 

Producing from a single layer 

Reservoir pressure = 276 bara 

Reservoir temperature = 92 C 

Backpressure coefficient = 1000 Sm^3/d/bara 

Backpressure exponent = 1 
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TPG 4230 Spring 2020 – Prof. Milan Stanko, Student assistant Salma Alkindira  Class exercise 

 

Tasks:  

 Set up a prosper model of a subsea oil well.  

 Estimate the producing rate using flow equilibrium assuming that the well is producing 

against a constant wellhead pressure of 100 bara 

 Generate and export lift curves to be used in GAP (in the following exercise). pwh range: 30‐

276 bara 

1. Creating MBAL file of Snohvit reservoir 

Fluid information: 

Use the black oil model to represent your PVT behavior. 

Gas gravity = 0.55 

Condensate gravity = 751 Kg/m^3 

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 Sm^3 

Start of production: 10.02.2020 

Water influx: No aquifer 

Rel Perm: Corey Functions 

 

2. Modeling of a subsea network with nine gas wells in GAP 

The layout of the production network layout is shown below.  
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TPG 4230 Spring 2020 – Prof. Milan Stanko, Student assistant Salma Alkindira  Class exercise 

 

 

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:  

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

 Adding a rate constraint to the separator of 20E06 Sm3/d, and run an “optimization”. 

 Run in prediction mode to find field rate with time. 
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Introduction to PETEX
10 February 2020

Prepared by: 
• Agung Gedde Angga
• Milan Stanko
• Salma Alkindira

2

Outline
• Licensing

• PROSPER

• MBAL

• GAP: Set up Production Network

• GAP: Solve Production Network

1

2
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3

Outline
• Licensing

• PROSPER

• MBAL

• GAP: Set up Production Network

• GAP: Solve Production Network

4

Licensing
‐only 10 licenses are available
‐please work in groups (9)

3

4
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5

Licensing
‐only 10 licenses are available
‐please work in groups (9)

6

Licensing

winlic.igp.ntnu.no

‐only 10 licenses are available
‐please work in groups (9)

5

6
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7

Licensing
‐only 10 licenses are available
‐please work in groups (9)winlic.igp.ntnu.no

8

Outline
• Licensing

• PROSPER

• MBAL

• GAP: Set up Production Network

• GAP: Solve Production Network

7

8
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9

10

Prosper (Well Model)
‐open PROSPER
‐save as

9

10
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11

Prosper – System Summary
‐use default setting
‐Fluid: dry and wet gas
‐Method: Black Oil
‐change unit system to 
Norwegian S.I.

12

Prosper – PVT Input Data
‐input PVT data (gas gravity, 
psep, condensate gravity)
‐choose PVT correlation

11

12
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13

Prosper – PVT Input Data
‐calculate PVT properties
‐input Tres & Pres

14

Prosper – IPR Data
‐Reservoir model: C and n
‐input reservoir data (Pres, 
Tres, C, n)

13

14
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15

Prosper – IPR Data
‐calculate & plot

16

Prosper – Equipment Data
‐input deviation survey
‐neglect surface equipment 
(since we only consider the 
flow to wellhead)

15

16
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17

Prosper – Equipment Data
‐input downhole equipment
‐pay attention with the 
measured depth, unit of 
tubing ID, & roughness

18

Prosper – Equipment Data
‐input geothermal gradient & 
overall heat transfer coefficient

17

18
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19

Prosper – Equipment Data
‐input average heat capacities
‐neglect gauge details

20

Prosper – Analysis Summary
‐select “system” option
‐input Pwh, 
‐use default tubing equation
‐”Rate method”‐‐‐User selected

19

20
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21

Prosper – Analysis Summary
‐calculate
‐plot  system plot  plot all 
cases  X‐axis: liquid rate, Y‐
axis: VLP & IPR pressure

22

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 

21

22
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23

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

24

Outline
• Licensing

• PROSPER

• MBAL

• GAP: Set up Production Network

• GAP: Solve Production Network

23

24
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25

MBAL (Reservoir Model)
‐open MBAL
‐save as
‐select “tool”  “material 
balance”

26

MBAL - Options
‐select “options”
‐use default setting

25

26
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27

MBAL – Unit System
‐select “Units”
‐change unit system to 
Norwegian S.I.

28

MBAL - PVT
‐select “PVT”  fluid properties
‐input PVT data
‐select PVT correlations

27

28
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29

MBAL - Input
‐select “Input”  tank data
‐input tank parameters
‐be careful with the unit of OOIP

30

MBAL - Input
‐input water influx

29

30
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31

MBAL - Input
‐input relative permeability

32

Outline
• Licensing

• PROSPER

• MBAL

• GAP: Set up Production Network

• GAP: Solve Production Network

31

32
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33

GAP (Network Model)
‐open GAP
‐save as

34

GAP
‐open “options”  “method”
‐system type: production
‐PVT model: black oil
‐for the rest, use default setting
‐change unit system to 
Norwegian S.I.

33

34
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35

GAP: Reservoir: Summary tab

‐add tank icon rename the tank
‐double click to edit tank properties
‐include MBAL model
‐done

36

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

35

36
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37

GAP: Well: Input tab: VLP Tab

‐’input’ tab  ‘VLP’ tab 
‘import’  VLP table in TPD format
‐done

38

• ’input’ tab  ‘”IPR” tab
• Choose IPR type to “C and n” to 

have the same correlation in 
PROSPER 

GAP: Well: Input tab: IPR Tab

37

38
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39

GAP: Well

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

Transfer IPR data

40

GAP: Well

‐add connection between reservoir and well

39

40
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41

GAP: Well: Input tab: IPR Tab

42

GAP: Well: Input tab: IPR Tab

‐’input’ tab  ‘IPR’ tab  ‘More’ 
sub‐tab
‐use permeability curve as for MBAL 
model (‘From Tank Model’)

41

42
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43

GAP: Well: Input tab: Control Tab

‐’input’ tab  ‘control’ tab
‐change dp Control to allow well
choking
‐done

44

GAP: Production Layout

43

44
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45

GAP: Separator

‐add separator icon choose
‘production separator’  rename it
‐connect the system with the
separator

46

GAP: Joint (Xtree, Manifold, etc)

‐add joint icon
‐Rename the joint label
‐pipeline is modelled between 2 
joints

45

46
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47

GAP: Adding more wells

‐All wells are identical, thus, copy
and paste wells (8 times)

48

GAP: Adding more wells

‐All wells are identical, thus, copy
and paste wells (8 times)

47

48
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49

GAP: Joint (Xtree, Manifold, etc)

‐connect the joints
‐connect wells and separator to 
the joints

50

GAP: Pipeline: Summary tab

‐double click in the selected pipeline
‐open ’summary’ tab  select PVT 
correlations
‐leave the other things as defaults

49

50
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51

GAP: Pipeline: Input tab

‐open ’input’ tab  open
‘environtment’ sub‐tab
‐input ambient temperature (= 4 degC)
‐input U (= 5 W/m2/K) 

52

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

51

52
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53

GAP: Separator

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

Setting up constraint

54

GAP: All System

Circle = variable

arrow = constraint

53

54
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55

Outline
• Licensing

• PROSPER

• MBAL

• GAP: Set up Production Network

• GAP: Solve Production Network

56

GAP: Solve Network
‐open ‘solve network’ to solve the
production network at t = 0
‐run network solver
‐input separator pressure

55

56
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57

GAP: Solve Network
‐since we have a constraint to be 
satisfy, choose ‘optimise with all 
constraints’ mode
‐calculate

58

GAP: Solve Network
‐to see the results, open ‘results’ tab 
 ‘summary’  ‘all items’

57

58
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59

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)

60

GAP: Prediction
‐input separator pressure
‐since we have a constraint to be 
satisfy, choose ‘optimise with all 
constraints’ mode
‐calculate

59

60
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61

GAP: Prediction
‐to see the results, open ‘prediction’ 
‘plot nodes prediction results’  select
all equipment types  plot

62

Questions

61

62
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isn't
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Due to the shape of the isoentropy lines, 

stonewall
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http://www.ipt.ntnu.no/
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http://www.ipt.ntnu.no/~stanko/files/Courses/TPG4230/2020/Class_files/20200302/
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#nr. branches per variable
nb=3
#calculating branches
por=branches(por_min,por_max,nb)
RV=branches(RV_min,RV_max,nb)
NTG=branches(NTG_min,NTG_max,nb)
So=branches(So_min,So_max,nb)
Bo=branches(Bo_min,Bo_max,nb)
Fr=branches(Fr_min,Fr_max,nb)
#calculating probabilities of each branch (using value discretization)
prob_por=discrete_prob_uniform(por_min,por_max,por)
prob_RV=discrete_prob_uniform(RV_min,RV_max,RV)
prob_NTG=discrete_prob_uniform(NTG_min,NTG_max,NTG)
prob_So=discrete_prob_uniform(So_min,So_max,So)
prob_Bo=discrete_prob_uniform(Bo_min,Bo_max,Bo)
prob_Fr=discrete_prob_uniform(Fr_min,Fr_max,Fr)

TPG4230 - Field development and operations Page 146 Prof. Milan Stanko (NTNU)



nr_variables=6
#create an element-wise combination of all branches
combination_vector=np.array(np.meshgrid(por,RV,NTG,So,Bo,Fr)).T.reshape(-1,nr_variables)
combination_prob=np.array(np.meshgrid(prob_por,prob_RV,prob_NTG,prob_So,prob_Bo,prob_Fr)).T.reshape(-1,nr_variables)
N_comb=len(combination_vector)
results_val=[]
results_prob=[]
for i in range(0,N_comb-1):
    results_val.append(Npu(combination_vector[i]))
    results_prob.append(total_prob(combination_prob[i]))
results=np.vstack((results_val,results_prob))
results=results.T
results=np.sort(results,axis=0)
cdf=np.cumsum(results[:,1])
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Use data from your Snohvit exercise to see the range of variation of Fd!!!
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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

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
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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

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

SPAR – Vortex induced vibrations

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

21

22

TPG4230 - Field development and operations Page 159
Prof Milan Stanko (NTNU) 



13.03.2020

12

SPAR – Effect of helical strakes

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

SEVAN FPSO

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

23

24
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Tension leg platform

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

Tension leg platform

25

26
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Comment about Tension leg platform

Compliant tower

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

27

28
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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/

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

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

Water depth

31
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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

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)

33
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Reservoir spread and structure

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

Transfer of well weight to soil and to offshore structure 

35
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Transfer of well weight to soil and to offshore structure 

Support system for dry X‐mas trees – deep water

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

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

Support system for dry X‐mas trees – deep water

39
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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

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

Possibility for jackets without drilling package

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

41

42

TPG4230 - Field development and operations Page 169
Prof Milan Stanko (NTNU) 



13.03.2020

22

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

43
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Layout of subsea systems – template wells

Layout of subsea systems – template wells

45
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Satellite wells

Jumpers for satellite wells (if close)

47
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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

49
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4 well template – the production manifold

The manifold

51

52
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The manifold – reality vs sketch

4 well template – weight transfer

53
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Metering ‐ onshore

Metering onshore – test separator

55
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Metering subsea – test line

Metering subsea – multiphase meter

57
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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
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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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How to do discrete fourier Transform https://www.youtube.com/watch?v=mkGsMWi_j4Q

time=elevation[:,0]

Class exercise
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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

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
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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
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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
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Oil‐water emulsions

Oil‐water emulsions

21

22

TPG4230 - Field development and operations Page 206 Prof. Milan Stanko (NTNU)



20.03.2020

12

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

30

TPG4230 - Field development and operations Page 210 Prof. Milan Stanko (NTNU)



20.03.2020

16

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 Page 217 Prof. Milan Stanko (NTNU)



20.03.2020

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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Can be reffered with respect to the 
innermost radius or outermost radius

Most analysis on flow assurance problems require to compute distribution of 
pressure and temperature along the pipe

From innermost: forced convection, conduction in pipe, conduction in insulation, and 1) conduction in soil or 
2) free convection with seawater

1962

Transient problem!

A clever solution proposed by Ramey
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It is important to make an order or magnitude analysis on the 
terms that make up the U and determine which one are most 

CHECK APPENDIX C and D of compendium!
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Production optimization

Prof. Milan Stanko (NTNU)

*Chapter 3 of compendium

Production optimization – what is it?

• Detect locations in the system with abnormally high‐pressure loss and 
flow restrictions

1

2
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Production optimization – what is it?

• Verification of equipment design conditions vs actual operating 
conditions
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Production optimization – what is it?

• Identification and addressing fluid sources that have “disadvantageous” 
characteristics (e.g. high water cut, high H2S content)

• Identify and correct system malfunctions and unintended behavior
• Analyze and improve the logistics and planning of maintenance, 
replacement and installation of equipment or in the execution of field 
activities.

• Review the occurrence of failures and recognize patterns (data 
analytics?)

3

4
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• Calibration of instrumentation
• Identification of operational constraints (e.g. water handling 
capacity, power capacity)

• Observe and analyze the response of the system when changes 
are introduced

• Find control settings of equipment (or system characteristics) 
that give a production higher than current (or, preferably, that 
give maximum production possible)

• Find control settings of equipment (or system characteristics) 
that maximize an objective KPI

• Identify bottlenecks
• Identifying and monitoring Key Performance Indicators (KPIs)

Production optimization – what is it?

• Calibration of instrumentation
• Identification of operational constraints (e.g. water handling 
capacity, power capacity)

• Observe and analyze the response of the system when changes 
are introduced

• Find control settings of equipment (or system characteristics)  
that give a production higher than current (or, preferably, that 
give maximum production possible)

• Find control settings of equipment (or system characteristics) 
that maximize an objective KPI

• Identify bottlenecks
• Identifying and monitoring Key Performance Indicators (KPIs)

Production optimization – what is it?

5
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Time scales of production optimization

Long term Short term Shorter term

• Years, months • Daily, weekly • Seconds, minutes, 
hours

Model‐based production optimization: fidelity

7

8
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Model‐based production optimization: optimization

Integrated asset modeling

Petrostreamz

9

10
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Time scales of production optimization and models
Long term Short term Shorter term

• Years, months

Models are highly 
uncertain (limited data)
Models are typically 
transient (reservoir 
model) but in IAM also 
steady‐state models are 
included

• Daily, weekly

There is data to tune 
models
Models are typically 
steady state (network, 
well, processing plant)

• Seconds, minutes, 
hours

• Can we use steady 
state models? Or do 
we need transient 
models? 

• Why to use models? 
We can develop 
optimization 
strategies on the 
actual system

Time scales of production optimization and examples
Long term Short term Shorter term

• Maximize recovery 
factor and NPV, 
reduce water cut and 
GOR

• Control variables: 
well placement, well 
rates, well “status”, 
well routing, 
“presence” of 
equipment 
(processing, ICD)

• Maximize oil 
production, 
condensate 
production, gas 
production, revenue

• How to allocate a 
scarce resource (gas 
injection, power)

• Variables: choke 
opening, gas lift rates, 
pump frequency, well 
routing

• Maximize production, 
revenue

• Reduce and mitigate 
fluctuations

• Variables: choke 
opening, gas lift rates, 
pump frequency, 

11

12
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Examples

1. (Short term) Two standalone gas‐lifted wells
System description

13

14
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1. Two standalone gas‐lifted wells: modeling 
strategy

1. Two standalone gas‐lifted wells: objective 
function behavior – brute force color map

15

16
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1. Two standalone gas‐lifted wells: objective 
function behavior – brute force color map

1. Two standalone gas‐lifted wells: objective 
function behavior – brute force color map

17

18
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1. Two standalone gas‐lifted wells: objective 
function behavior – brute force color map

1. Two standalone gas‐lifted wells: objective 
function behavior – brute force color map

19

20
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1. Two standalone gas‐lifted wells: objective 
function behavior – contour lines

1. Two standalone gas‐lifted wells: constraint

21

22
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1. Two standalone gas‐lifted wells: constraint

1. Two standalone gas‐lifted wells: change of 
objective function 

23

24
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2. (Short term)Two gas wells in a network
System description

2. Two gas wells in a network – modeling approach

25

26

TPG4230 - Field development and operations Page 233 Prof. Milan Stanko (NTNU)



26.03.2020

14

2. Two gas wells in a network – modeling approach

2. Two gas wells in a network – modeling approach

27

28
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2. Two gas wells in a network – modeling approach

2. Two gas wells in a network – modeling approach

29

30
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2. Two gas wells in a network – modeling approach

2. Two gas wells in a network – modeling approach

31

32
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2. Two gas wells in a network – plotting

2. Two gas wells in a network – objective function: 
gas rate

33

34
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2. Two gas wells in a network – objective function: 
gas rate

2. Two gas wells in a network – effect of constraint: 
gas rate or well 1

35

36
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2. Two gas wells in a network – objective function: 
revenue

2. Two gas wells in a network – objective function: 
condensate

37

38
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2. Two gas wells in a network – effect of depletion

39
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3. (Long term) Field planning: effect of plateau rate 
and well number on NPV

3. Field planning: effect of plateau rate and well 
number on NPV

The NPV function: 

𝑓ே ൌ 
𝑅𝑡
1  𝑖 

ே

ୀଵ

Where, for year «k»:

𝑅𝑡 ൌ 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 െ 𝑂𝑃𝐸𝑋 െ 𝐷𝑅𝐼𝐿𝐿𝐸𝑋 െ 𝐶𝐴𝑃𝐸𝑋

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

Action Advantages Disadvantages

Higher HC rates during 
early times

Gives higher revenue Gives higher cost
(CAPEX, OPEX) 

Drill more wells Allows for higher rates, 
extends field life

Gives higher cost
(DRILLEX, CAPEX, OPEX)

40

41
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Variation of NPV with plateau rate and number of wells: 

3. Field planning: effect of plateau rate and well 
number on NPV

• The field will produce initially in plateau mode, with constant rate and then 
decline

• Constant hydrocarbon price
• All wells are pre‐drilled and available from start
• Decision variables: plateau rate and number of wells

3. Field planning: effect of plateau rate and well 
number on NPV

42

43
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3. Field planning: effect of plateau rate and well 
number on NPV

Page 116 of compendium

The NPV function as a colour plot (function of both plateau rate and number of wells)

Stanko (2019)

44

45
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Sweet spot: 12 wells and 212 000 stb/d

«Zoom in»

Stanko (2019)

The NPV function as a colour plot (function of both plateau rate and number of wells)

4. (Shorter term) Active choking to prevent well 
slugging

SPE77650 – Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

46

47
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4. Active choking to prevent well slugging

SPE77650 – Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

4. Active choking to prevent well slugging

SPE77650 – Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

48

49
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4. Active choking to prevent well slugging

SPE77650 – Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

4. Active choking to prevent well slugging

SPE77650 – Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

50

51
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• Parametric (static) – using a model 
• Dynamic (control) – using a model, physical system, or a 
combination of both

Optimization types

https://en.wikipedia.org/wiki/Simulation‐based_optimization

Optimization problems
• Linear
• Non‐linear
• Integer
• Continuous
• Constrained

• Simplex
• Derivative‐based (gradients, 

hessians)
• Line search/ Trust region
• Heuristic

Optimization methods

52

53
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Examples

http://optlab‐server.sce.carleton.ca/POAnimations2007/Graph.html

Linear problems

54

55
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http://optlab‐server.sce.carleton.ca/POAnimations2007/TwoPhaseGraph.html

Simplex

http://optlab‐server.sce.carleton.ca/POAnimations2007/MILP.html

Branch and bound

56

57

TPG4230 - Field development and operations Page 249 Prof. Milan Stanko (NTNU)



30.03.2020

10

Stanko (2019)

Newton

https://jamesmccaffrey.wordpress.com/page/2/

Taken from Arnaud Hoffmann

Stanko (2019)

Newton

https://jamesmccaffrey.wordpress.com/page/2/

Taken from Arnaud Hoffmann

58
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Stanko (2019)

Newton

https://jamesmccaffrey.wordpress.com/page/2/

Taken from Arnaud Hoffmann

Stanko (2019)

Newton

https://demonstrations.wolfram.com/MinimizingTheRosenbrockFunction/

60
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Stanko (2019)http://195.134.76.37/applets/AppletSimplex/Appl_Simplex2.html

Nelder‐Mead

Stanko (2019)

Genetic algorithm

https://demonstrations.wolfram.com/GlobalMinimumOfASurface/

62

63
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Stanko (2019)

Pattern search

https://en.wikipedia.org/wiki/Pattern_search_(optimization)

Stanko (2019)

Piecewise linearization

64

65
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Stanko (2019)

Piecewise linearization

Stanko (2019)

Handling constraints

• Lagrange multipliers
• Barrier functions

66

67
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Stanko (2019)

Handling constraints

• Lagrange multipliers
• Barrier functions

Stanko (2019)

Lagrange multipliers example: Constrained gas‐lift 
optimization (single well)

68

69
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Stanko (2019)

Lagrange multipliers example: Constrained gas‐lift 
optimization (single well)

Stanko (2019)

Lagrange multipliers example: Constrained gas‐lift 
optimization (multiple wells)

70

71
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Stanko (2019)

Lagrange multipliers example: Constrained gas‐lift 
optimization (multiple wells)

Stanko (2019)

Handling constraints

• Lagrange multipliers
• Barrier functions

72

73
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Stanko (2019)

Handling constraints: barrier functions

74
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Examples of static 
optimization

75

76
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Setting up the optimization: optimizer «outside» 
the model

Setting up the optimization: optimizer «outside» 
the model

77
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Setting up the optimization: optimizer «outside» 
the model

• Model + optimizer together

Details on optimization setup

79

80
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«Black‐box» optimization (optimizer outside)

Effect of optimization 
formulation

81

82
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2. Two gas wells in a network – Optimization with 
DP choke

2. Two gas wells in a network – Optimization with 
gas rates

83

84
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2. Two gas wells in a network ‐ Differences when 
formulating the problem

2. Two gas wells in a network ‐ Differences when 
formulating the problem

85
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2. Two gas wells in a network ‐ Differences when 
formulating the problem

2. Two gas wells in a network ‐ Differences when 
formulating the problem

87
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3. Well routing – class exercise

3. Well routing – class exercise

89

90
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3. Well routing – class exercise

3. Well routing – class exercise

91
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• Parametric (static) – using a model 
• Dynamic (control) – using a model, physical system, or 
a combination of both

Optimization types

https://en.wikipedia.org/wiki/Simulation‐based_optimization

Dynamic optimization (control)

93

94
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Dynamic optimization (control): gas‐liquid separator

t=t1t=t0 t=t2 t=t3

95
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Dynamic optimization (control)

Dynamic optimization (control)

97

98

TPG4230 - Field development and operations Page 270 Prof. Milan Stanko (NTNU)



30.03.2020

13

Dynamic optimization (control)

Practical extremum‐seeking control for gas lifted oil production – Pavlov et al

Dynamic optimization (control)

Practical extremum‐seeking control for gas lifted oil production – Pavlov et al

99
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• Model fidelity
• Is it actually possible to change the 
decision settings?: 
• Is the equipment/actuator 
functional and  available?

• Am I allowed to operate the 
control element?

• Actuator response time

Limitations and pitfalls 

• Flat peak of optimum‐ more efforts 
give less results

Limitations and pitfalls 

SPE‐166027‐MS Multivariate optimization of production systems optimization Carroll and Horne

101
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• Local optima
• Starting point
• Running time
• Short term versus long term optimization

Stanko (2019)

(Khan academy)

Limitations and pitfalls 

• Short term versus long term optimization

Maximize NPV
By changing qo(t)

Stanko (2019)

Limitations and pitfalls 

SPE‐166027‐MS Decision analysis for long term and short‐term production optimization Applied to the Voador field, Agus Hasan

103

104
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Stanko (2019)

• Short term versus long term optimization

SPE‐166027‐MS Decision analysis for long term and short‐term production optimization Applied to the Voador field, Agus Hasan

Stanko (2019)

• Short term versus long term optimization

105

106
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• Look at the rest of the list first!
• Do we REALLY need to do optimization?
• Think carefully what is the main, most 
important, first order of magnitude 
problem

• Define objective, constraints and variables
• Determine relevance of constraints
• Is it realistic to modify optimization 
variables?

• Formulate your optimization in a smart 
way (choose the right variable)

• Study how your input affects your results

Final advice:
SLIDE 2

107
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PENSUM: 

 Field development workflow. 

o Overview – The field development process (ppt) 

o Production modes 

o Discounting 

o Relationship between plateau height and length 

o Rule of thumb between plateau height and TRR 

o Bottlenecking 

o Onshore vs offshore 

o Oil vs gas 

 Field production performance 

o Dry gas production system: material balance, IPR, TPR, FPR. Flow equilibrium, 

production scheduling (Class exercise, Home exercise) 

o Production potential dry gas system (Class exercise) 

o Home exercise: Multi-field production scheduling using the production potential  

o Home exercise: production scheduling in a saturated oil field. 

o Dry gas networks (class exercise) 

o Tubing tables (home exercise) 

o Gap, Prosper and MBAL (ppt, class exercise) 

o Coupling reservoir and well and network models 

 Value chain model, cost estimation and NPV calculations (Class exercise, Home exercise) 

 Subsea compression (Class exercise) 

 Probabilistic reserve estimation  

o Monte Carlo (Class exercise in Excel and Jupyter notebook) 

o Latin Hypercube Sampling – LHS (Class exercise in Jupyter notebook) 

 Decision and probability tree analysis (Class exercise in Jupyter notebook) 

 Home exercise: quantification of uncertainty in NPV - early field development  

 Offshore structures 

o Overview (ppt) 

o Layout of production systems (ppt) (Home exercise, problem 4) 

o Marine loads on offshore structures (Class exercise in Jupyter notebook) 

 Flow assurance considerations (ppt) 

o General overview 

o Inhibitor subsea system. Disposal. 

o Home exercise: Hydrate and p and T calculations on wet gas pipeline. 

 Production optimization (ppt) 

 Introduction 

 Time scales 

 Cases (examples) 

 Algorithms for production optimization 

 Examples 

 Limitations and pitfalls 

 Class exercise 

 Electric submersible pumps (class exercise) 

Tools: 

-Excel with VBA, Excel solver, Jupyter Notebook (python), gap, prosper and MBAL (Petex) 
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Generic Skills and topics 

-Sampling with Monte Carlo, Latin Hypercube 

-Probability trees 

-Optimization 

-Marine loads on offshore structures 

-FFT 

 

INDUSTRY PRESENTATIONS: 

-Subsea transport and processing 

-Flow assurance in Aasgard 

-Hydrates 

-Flow assurance in field development 

-Compact separation 

 

Exercise grades: 

-To be uploaded in the following weeks 

 

Exam 

-Guest lectures are not to be included in the exam 

Type of exercises: 

-Theory, writing 

-Hand calculations and fill results and procedure in Inspera 

-Use of Excel and upload Excel file to Inspera. Excel can be run from the local machine or from 

examfarm.ntnu.no 
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