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TPG4230 — Field development and
operations

Spring Semester 2022



Information

* 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

B NTNU ‘ pomwegian an) TniVﬁrsrTyg;



Information

« 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!!)
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Reference material

 Compendium
« Recommended
* Supplementary

* Hydrocarbon exploration and production (Jahn, Cook
and Graham)

HYDROCARBON
EXPLORATION AND
PRODUCTION
2ND EDITION

B NTNU | siencanatechnoiosy



Evaluation

* 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

B NTNU | siencaraechnolosy



Evaluation

* 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!
B NTNU | sacanrecnoiosy



Teaching

 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

B NTNU | siencaraechnolosy



Teaching

« 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)
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Quizzes

« 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

B NTNU | sécEans rechnology



Quizzes

* 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

B NTNU | siencaraechnolosy



Course progress overview — Excel file
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Tools

« Excel (VBA)
* Python (Jupyter Notebook) —using Google Colab

« Hysys (Aspentech, run on ntnu farm) or DWSIM
« |IPM (Petex) or Pipesim (SLB) — maybe?

B NTNU ‘ poegan an, Tni\.fﬁrSJ'Tyg;
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@NTNU |

Questions?

Norwegian University of
Science and Technology
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TPG4230 - Field Development and Operations Prof. Milan Stanko (NTNU)
Notes for youtube video nr. 1
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THE FIELD DEVELOPMENT PROCESS

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

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.

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

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

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

IDENTIFICATION OF BUSINESS CASE

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



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

IDENTIFICATION OF BUSINESS CASE - TASKS

e 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.

e 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 Km?

e |dentify prospects.



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

IDENTIFICATION OF BUSINESS CASE - TASKS
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Ref: https://krisenergy.com/company/about-oil-and-gas/exploration/




TPG4230 - Field development and operations

Prof. Milan Stanko (NTNU)

IDENTIFICATION OF BUSINESS CASE - TASKS

Ca 500 km?

Ref: NPD

sk

e Apply and obtain exclusive

production license (6 vyears,
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/km? for the first
year, 68 000 NOK/km? for the
second vyear and 137 000
NOK/km? per year thereafter.



TPG4230 - Field development and operations

IDENTIFICATION OF BUSINESS CASE - TASKS

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

e Discovery!

- <
[ ‘*ﬂ £
“\\J

Drill collar
connection

PDC Cutters

Thrust bearing

Outer barrel

Inner barrel

Core retaining
ring

Core bit
Ref: https://www.spec2000.net/09-coremethods.htm

Prof. Milan Stanko (NTNU)
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Ref: Hydrocarbon exploration and production, Jahn et a

CoreAll AS



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

IDENTIFICATION OF BUSINESS CASE - TASKS

e Exploration. Perform geological
studies,  geophysical  surveys,
seismic, exploration drilling (Well

cores, wall cores, cuttings

samples, fluid samples, wireline 9 T

logs, productivity test). 1 EBE= B
e Discovery! = e =

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

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

e Discovery!

https://www.youtube.com/watch?v=Qd7F8TOIVXU




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

IDENTIFICATION OF BUSINESS CASE - TASKS

e Assessment of the discovery and the associated uncertainty. Risk

management:
O Probabilistic reserve estimation. Identify and assess additional
segments.

GIIP (bc r]



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

IDENTIFICATION OF BUSINESS CASE - TASKS

e Assessment of the discovery and the associated uncertainty. Risk
management:

O Probabilistic reserve estimation. Identify and assess additional
segments.

O Perform simplified economic valuation of the resources.

O Field appraisal to reduce uncertainty: more exploration wells and
seismic to determine for example: fault communication, reservoir
extent, aquifer behavior, location of water oil contact or gas oil
contact.



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

IDENTIFICATION OF BUSINESS CASE - TASKS

O Appraisal

Ref: https://www.youtube.com/watch?v=-e9jjnsquGl




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

IDENTIFICATION OF BUSINESS CASE - TASKS

DGO:

e [ssue a SOC (Statement of
Commerciality) and proceed with
development.

e Continue with more appraisal

e Sell the discovery.

e Do nothing (wait)

e Relinquish to the government
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TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

FEASIBILITY STUDIES - TASKS

OBIJECTIVE: 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

| Drilling Sequence 1 | l Drilling Sequence 2 | | Drilling Sequence 3 | | Drilling Sequence 4 I

Field 1 Field 1 Field 1 Field 1

Deep draft semi

b
Gt "

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



FEASIBILITY STUDIES - TASKS

* |dentify possible technology gaps and blockers.

* |dentify the needs for new technology.

* |[dentify added value opportunities.

 Cost evaluation for all options (at this stage, cost figures
are +40% uncertain)
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TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

CONCEPT PLANNING - TASKS

OBIJECTIVE: |dentify development concepts, rank them and
select and document a viable concept (Base Case Scenario).

e Evaluate and compare alternatives for development and
screen out non-viable options.

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

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



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

CONCEPT PLANNING - TASKS

* Create and refine a static and a dynamic model of reservoir.
Define the depletion and production strategy.

* Define an HSE program

* Flow assurance evaluation. Identification of challenges related
with fluid properties, multiphase handling and driving
pressure.

* Drilling and well planning

* Pre-design of facilities

* Planning of operations, start-up and maintenance

* Cost and manpower estimates of the best viable concept.
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TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

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.

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

* Plan and prepare the execution phase.



TPG4230 - Field development and operations

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 (P10)
* Impact assessment report

Prof. Milan Stanko (NTNU)

Hebron

HEBRON PROJECT

Development Plan

September 2011
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PRE-ENGINEERING - TASKS

Ref: PDO Ivar Aasen. Det Norske

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

PRE-ENGINEERING - TASKS

TUW 0T TTTE P00 WTE SO0TE TITE T0E TE BOUTPE

Ref: PDO Ivar Aasen. Det Norske
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Figur 18. Svzert viktige (rod), viktige (oransje) og noksa wviktige (gule) leveomrader for sjgfugl langs kysten av
Nordsjgen i hekketiden. Kartet markerer buffersoner rundt de vilktige hekkelokalitetene (NINA)
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PRE-ENGINEERING - TASKS

Ref: PDO Ivar Aasen. Det Norske

Figur 23. Registrert norsk fiskeriaktivitet med bunntral i omradet omkring Aasen i 2009 (grenn), 2010 (fiolett) og
2011 (oransje). Figur utarbeidet pa grunnlag av data fra Fiskeridirektoratets satellittsporing av stgrre fiskefartayer
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PRE-ENGINEERING - TASKS
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Figur 24. Trafikkompleksitet i Nordsjgen (venstre) og skipsleder for handels- og offshorefartgy innenfor en radius pa
10 nautiske mil fra Aasen (hgyre) Ref: PDO Ivar Aasen. Det Norske
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PRE-ENGINEERING - TASKS
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Figur 25. Samlede utslipp av CO, fra Aasenfeltet i perioden 2015 - 2028 Ref: PDO Ivar Aasen. Det Norske




TPG4230 - Field development and operations

PRE-ENGINEERING - TASKS

Tabell 5-1. Forelgpig oversikt over estimerte mengder kaks for typiske produksjonsbrgnner pa Aasen, West Cable og

Hanz

Prof. Milan Stanko (NTNU)

Seksjon Borevaeske

36" WBM
26" WBM
17 %" OBM
12 %" OBM
8 %" OBM

SUM (avrundet)
SUM WBM kaks
SUM OBM kaks

Aasen

88
370
1550
860
1390
4300

Boret lengde (m)

West
Cable

88
370
1020
3890
1530
6900

Hanz

86
400
990
1700
90
3300

Mengde borekaks (tonn)
Aasen West Hanz
Cable
70 70 70
150 150 160
310 205 200
90 390 170
70 80 5
690 895 605
220 220 230
470 675 375

Ref: PDO Ivar Aasen. Det Norske



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

PRE-ENGINEERING - TASKS
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Figur 29. Sedimentering ved utslipp av vannbasert kaks ved havbunnen (sommersituasjon)

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

Ref: PDO Ivar Aasen. Det Norske

Prof. Milan Stanko (NTNU)

4

Figur 37. Sannsynligheten for treff av ulike mengdekategorier av olje i 10 x 10 km ruter gitt en sjsbunnsutbldsning
fra Aasen/Grieg (heldrsstatistikk). Influensomrddet er basert pa alle utslippsrater og varigheter og deres individuelle
sannsynligheter. Merk at det markerte omradet ikke viser omfanget av et enkelt oljeutslipp, men er det omrddet
som bergres i mer enn 5 % av enkeltsimuleringene av oljens drift og spredning (Lundin 2011).
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PRE-ENGINEERING - TASKS

* Wait for the government to study
the proposal
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TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

DETAILED ENGINEERING, CONSTRUCTION,
TESTING AND STARTUP

OBJECTIVE: Detailed design, procurement of the construction
materials, construction, installation and commissioning of the
agreed facilities.

Individual contracts EPCM (Engineering,
Detailed engineering procurement,
Bids, contracts construction, and
Construction, fabrication management contract)
Installation with one main

Commissioning (Cold or Hot) contractor.
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www.youtube.com/watch?v=TzLAfzhqVHc
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www.youtube.com/watch?v=TiWOgTq0YD4




TPG4230 - Field development and operations

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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TPG4230 - Field development and operations

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
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DECOMISSIONING AND ABANDONMENT

https://www.youtube.com/watch?v=SLO9uD5Ub Y




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

DECOMISSIONING AND ABANDONMENT

https://www.youtube.com/watch?v=1GA3Elu81rw
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- 2, Using the data in the facts website of the NPD, and assuming that the field produced a constant rate during all days of the month, what was the oil rate produced by the Alvheim field in October 20217 (input just the number is
~ Sm3/d, without the digits after the decimal point and without rounding)

~ Answer: 1
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4. A while ago, Milan made an Excel file that shows the production profile of field in the NCS using data from the npd website, Using the data in the excel sheet, compute a range for the initial gas in place of the Snohvit field
- using the rule of thumb discussed in class. Assume an uptime of 95%, and ultimate recovery factor of 85%. Select the closest from the list below.
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Intro to Excel VBA, functions and subs

There were no notes for this video
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Youtube video: modeling dry gas systems
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3.3.2 Z-Factor Correlations. Standing and Katz* present a general-
ized Z-factor chart (Fig. 3.6), which has become an industry stan-
dard for predicting the volumetric behavior of natural gases. Many
empirical equations and EOS’s have been fit to the original Stand-
ing-Katz chart. For example, Hall and Yarborough?2!- 23 present an

accurate representation of the Standing-Katz chart using a Carna-
han-Starling hard-sphere EOS,

L= pfVy oo (342) {qm&u« approxi bolr fo 2wt

where @ = 0061251 exp[— 1.2(1 = 0?], where r = 1/T,,.
The reduced-density parameter, y (the product of a van der Waals
covolume and density), is obtained by solving
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Slugcatcher — link between offshore and onshore systems

https://www.youtube.com/watch?v=xY4WdJLal_0

ttps://www.youtube.com/watch?v=LKLWS5284adl




Comment about liquid slugs entering a horizontal gravity separator
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Note Title Notes to Youtube video Production potential 04.02.2021
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Notes for Youtube: Net present value and value chain of a petroleum asset
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Produktpriser
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PENSUM:

e Field development workflow.

Lifecycle of a hydrocarbon field

Overview — The field development process

Production modes

Discounting

o Relationship between plateau height and length
o Rule of thumb between plateau height and TRR

o Onshore vs offshore

o Qilvs gas

e Excel VBA, functions and routines.

e Field production performance
o Estimation of production profiles

o Dry gas production system: production scheduling

Measures to prolong the plateau.

Production potential

]
o
o Boosting
o

Dry gas networks.

e Value chain model, cost estimation and NPV

e Dealing with uncertain parameters in FD

o Probabilistic reserve estimation

=  Monte Carlo

o Decision and probability tree analysis

e Offshore structures

o Overview

o Layout of production systems
o Marine loads on offshore structures

e Flow assurance considerations

o General overview

o Inhibitor subsea system. Disposal.

e Field production performance using commercial software

o Bottlenecking and processing capacity (separation capacity)

calculations

(GAP and PR

CtPER)

o Dry gas production system: material balance, IPR, TPR, FPR, choke, flow equilibrium.
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GRAPH 1 - GVF vs. DIFFERENTIAL PRESSURE - OPERATIONAL AND CONCEPTUAL CAPABILITIES
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Notes: 1. For pump applications, the term differential pressure is used. However, for
compressor applications the term pressure ratio is used. 2. Curves are approximate and
assume a specific liquid throughput, identical for each pump type.
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PROBLEM 4 (18 POINTS). Network solving. (w | }' ) X oA
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.
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Where Ap [bara], q in [m*/d]. Assume a constant pump efficiency (77) of 0.6. Assume an
oil formation volume factor (Bo) at the pump suction of 1.2 m*/Sm?>.

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.

sep

Well 2 Well 1

-
=|z
= z
<l=
-

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:

2 2
q= th ) (pwhs ~ Puwn
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 | Cyn [Sm”3/d/bara”2] | Pwis [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:

q=Cy (P~ Py’

Where
Cp1 =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.

wellhead performance relationship - Well 1
160

140 ~

120

100 T

80

60 =

40

Wellhead pressure, WHP, [bara]

-
|t

20 \

|

0
0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06 1.2E+06 1.4E+06
Well gas flow rate, qg, [Sm~3/d]

Lo
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wellhead performance relationship - Well 2

140
[
..‘-""h-.
120 11—
E ‘\‘"\
o ~
= 100 K
o
S =~
5 80 e
B
g 60 N
= ~
o N,
o [
£ 40 ~
o
= \\\
20 \
\
0 \
0.0E+00 5.0E+05 1.0E+06 1.5E+06 2.0E+06
well gas flow rate, qg, [Sm"3/d]
Pipeline performance relationship
80
p. 4
/j,
70 =
.E‘ /"/
o P d
£ >
= 60 B —
a =
E P
2 50
o Z
o P
c =
2 40 7
(&] -
c
- i
30 =
20
0.00E+00 5.00E+05 1.00E+06 1.50E+06 2.00E+06 2.50E+06 3.00E+06 3.50E+06

pipeline gas flow rate, qg, [Sm"3/d]
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Youtube video: Solving dry gas networks in Excel

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

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.

Well 2

Will'it be possible to produce 0.5 EO6 Sm3/d from each well? if so, what is the choke deltap required in each well?

b/’\ P”'p
; et

w,:b B >o  te 9 13 er“e

T 1} Apco Hew I0 ty e Jeall

wellhead performance relationship - Well 1
160

140 -

W
=}

120

100

80

60 -

40

Wellhead pressure, WHP, [bara]

P

fort

20

LY
LY

0 LY
0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06 1.2E+06 1.4E+06
Well gas flow rate, qg, [Sm~3/d]

wellhead performance relationship - Well 2

140

120 +43-bar

100 —

Wellhead pressure, WHP, [bara]

3\

X
20 A
3

0.0E+00 5.0E+05 1.0E+06 1.5E+06 2.0E+06
well gas flow rate, qg, [Sm#3/d]



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

w
Q

E— 0.00E+00 5.00E+05 1.00E+06 1.50E+06 2.00E+06 2.50E+06 3.00E+06 3.50E+06

Pipeline performance relationship

]
3
hY

\

g
\

b
oqr

Bl

Junction pressure, Pj, [bara]
wn
o

20

pipeline gas flow rate, qg, [Sm"3/d]

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.
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Exercise on Dry gas network using Excel

Prof. Milan Stanko (NTNU)
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| IPR | Tubing I Flowline |
Component Name Pr C n S Ct cfl psep pwf qwell pwh pjunc error
[bara] [SmA3/barf2n] [Sm~3/bart2] [SmA3/bar’2] [bara]  [bara] [Sm*3/d] [bara]  [bara] (bara®2)
w1 120 52 08 013 7680 8673 38| 1.02E+05 33 31 1E-0¢
w_2 120 40 075 0.11 8600 7563 34| 4.95E+04 31 31 9E-1:
Pipeline 14080 28.6 1.51E+05 31 2E-0¢
Average= 31 4E-0¢
Solver Parameters x
Set Objective: smsid 3
Tt O @ g ) Yabue OF:

By Changing Variabie Cellx
SI5T:3058

T-& Joluer 1B Aok orvof [q(;lp,
Sulbject 1o the Constraints
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I IPR | Tubing | Flowline |
Pr € n S Ct cfl psep pwf qwell pwh dpchoke pdc pjunc error
[bara] [Sm*3/barf2n] [SmA3/bart2] [SmA3/bar?2] [bara] [bara] [SmA3/d] [bara] [bar] [bar] [bara] (barat2)
120 52 08 013 7680 8673 42 9.92E+04 38 5 33 30 3E-10
120 40 075 011 8600 7563 39 4.84E+04 36 5 31 30 1E-09
14080 28.6 1.48E+05 30 3E-09
Average= 30 4E-09
- stp 1
-~ Skp 2
’fmr dpriutive. boed  Solver
st wedaty 1S e o 3@«:4
hah l'To\L seed,
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] IPR | Tubing | Flowline |
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[bara] [Sm”3/bar 2n] [SmA3/bar”2] [SmA3/bar*2] [bara]  [bara] [Sm73/d] [bara] [bar] [bar] [bara]  (bara*2)
120 52 08 013 7680 8673 57 9.01E+04 52 20 32 30 1E-09
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Average= 30 6E-09
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Solve
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Help
[ IPR [ Tubing [ Flowline
Pr c n S ct cfl
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Load/Save

Options

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
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Close
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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
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Notes to Youtube video How to handle uncertain parameters:
Bow Do houdle  wncedenn peres nelers M our RO calwlihon Monte Carlo and LHS

X
’\-9 ’MWD) —— ’

y S

N J_L N3 X
) acha N

—_—

x
e — e~ —

+olg Sﬂva'J Ledu Jchr\e |

Jelerw/\bb‘t, Cﬁ'»w[th/) X ond J I"W(, = wvj\/e

wunoln UG(A)¢

.S'kbchw‘h,/.rmkﬁhxbb o.(wlt.f‘a—\: 0 oo J e.:laffo.‘-kcv
frok(;{(,mf\c, a(u‘l\h(;a‘f;hn

Moo, to decl lorth  wntertrnly :

) Unidnguupy,

LJLL@VM vV

o Creale va-pl%
oeuc\luc.k %Lﬂ #ﬂ(}bn A‘E ,""‘fkl

o calwlile pAt ond ci—Jr oJ’ fe vl

12 Hoo W“J Sardey are /\eejca(i
1: theo ‘[" OWM.t_, !A& J&WPLJZ

ik Tncreny Ub l\\w‘,er a—}r A} ) andd Jee
f—SbC')Jc\-P(U
— Loo Jtvfle_)

LoOo sﬂwvr(,J

Pt

redlt W-‘A(y(q,

for thy e, it seens
\b“"‘fkﬂ S00 seply 1 wosh

\00
cd} o1 (5"’
05 1
b - b o
LLlcerw@d Yomell "
'l; L\vl—d ‘o JanuaLc J(Lr/ SGVP(IJ
° hmjra Czr[o wh\ooq on—,.Jc Sﬂwplicj - Lz,u husmber a-J- 3«:-7(0 'L\o qol\.‘c,vc,
Cr\\ﬂfjt’/te_

o Lc.{n\,\ \’\sz/w(:z, S“’FL'\L‘j



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

G N
T

onde. - e 5‘“‘\"("‘\“5 7
T —F—t—%H%—t— 9
1
H)c P Niopy = K &3
X ! )
9 X
R }mrnJmL {or (av5¢. Nunnbor (,]L
* W‘AUM /j""‘flu

O Tor eadn vancble

) ciﬁ: C cd} [‘7/“ @Lf' (1 f'*O‘t ‘°x Pondon Nunbe betneg,
h ! :7 — : oy D

x LZ_ @\t/ CJJ vae Nqoe, @’Y, \/‘Q{u(,

of He varmble
. e
=il
e H

L R (D b a snbhe wih o sage
@ r‘afe;j' wao" {\MJ "tf’é 1-2

W ol o Freg sy o te
(771 < R— phi Al

o labn h (wwLe fe (,LH,S)
J Mf’\'b @Q‘E\M, &Avwfq,‘,,(f l;“‘,kj‘ll\l"
CD ‘F‘DI’ qu,\ uwh.u(,

[V, shdaid te calabue G«s&L:LrB M
AN" ?’\Tar\,ch (C?n“.o ..,;f;c\qao
L

cd} /
| .

R

(]



TPG4230 - Field development and operations

v L
N2
i~

Fwe

Prof. Milan Stanko (NTNU)

L2, foh o b auder 2 de mle-el
(“"L ‘kkl« __CO"M.\«v\d.‘,D v«.(.uz b-]— @re/

\lN‘,‘o-Uz

- L
. Lﬁk

1 )

X, ¥ ¥y x

T 3
X 9, 2
Xy 9, 4
Ky 94 £

|1
2,

@ PQJ‘"'MW{‘W for Sondlay  variebley ot arne

@ FU]'W‘M C-TLM]?AOU o\,\c.(q“s [Za) '@-& mib

ST



Ll

o

TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)
Notes to Youtube video Exercise - Reserve estimation in a spreadsheet using Monte Carlo
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Live lecture 08.03.2022

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 [1EO06 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

#0011 Tormation 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)



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("fultimate 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(Q)

#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 [1EO06 stb]-,*
Maximum [1EO06 stb]","P90 [1E06 stb]","P50 [1E06 stb","P10 [1E06 stb]"],
"Value" : [Npu_mean,Npu_mode, Npu_min,Npu_max,P90,P50,P10]
1))

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):
it 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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#Frequency analysis
nr_bins=15
bins=np.linspace(Npu_v.min(),Npu_v.max(),nr_bins)
counts,bins=np.histogram(Npu_v,bins)

. N
print(counts)
print(binsbl
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Live Lecture 11.03.2022
nr. Iterations 500.0 error [%] 1000.0 error[%] 10000.0 error[%] 1000000.0
Mean [1E06 stb] 81.7 0.71 81.2 0.09 81.6 0.56 81.1
Mode [1E06 stb] 74.2 7.91 77.9 13.39 76.1 10.71 68.7
Minimum [1E06 stb] 35.5 31.01 36.3 34.00 28.0 A | 27.1
Maximum [1E06 stb] 155.8 19.54 165.8 14.37 1715 8.32 193.6
P90 [1E06 stb] 55.4 0.27 56.0 0.85 55.6 0.11 55.5
P50 [1E06 stb 78.7 0.04 78.5 0.27 79.0 0.44 78.7
P10 [1E06 stb] 111.9 1.69 109.7 0.33 111.0 0.83 1101
yaus \
L (|
~—Nr itere;tions 1000 Change%wrt max iter 10000 Change % wrt max iter | 100000 Change % wrt max iter [ 1000000
~—— Mean [1E06 stb] 82.0 1.14| 81.0 0.16 81.1 0.01 81.1
" Mode [1E06 stb] 75.0 436 763 622 710 1.12 71.8
~Minimum [1E06stb] |  33.7 2122|307 1045] 313 12.51 27.8
~ Maximum [1E06 stb] 162.1 20.53| 172.6 15.38| 190.3 6.70 203.9
P90 [1E06 stb] 55.2 0.53 55.0 0.96 55.5 0.13 55.5
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P10 [IEPG stb) 111.7 1.46| 108.9 0.12 110.1 0.08 110.1
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TPG4230 - Field development and operations Prof. Milan Stanko (NTNU)

Notes for Youtube video offshore structures 1

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.
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Prof. Milan Stanko (NTNU)

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

Rich gas
Gas pipeline
Gas dehydration  ——— y —_—
compression
l—’ Re-injection
Qil, Gas and [ Qil
Well Water deh i
: ! yd.ratuon. Tanker
stream separation & desalting and -Pipeline
stabilization | | stabilizing

|

Produced .
water -Dlspo..al.
S Re-injection
treatment

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

DEMISTER PAD

\ INTERNAL BAFFELS
SAND JET HEADER

INLET DIVERTER
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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
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Components

Bay for wellheads and X-mas

trees SHUTILE

Prloduction manifolds f;‘ga:\@z: . WTEGRATED DRILLING AHD |

Oil storage ¥ ; e
Facilities for oil offloading el fﬂ# a2

Control system o m_mmml,*z :
H H H PLATFORM |

Monitoring system ;

System for storage, injection and = R0 et

recovery of production chemicals PIPELINE -

(wax, scale, hydrate or corrosion

inhibitors)

Repair workshop

Components

MODULAR DECK

POWER
GENERATION
MODULE

FAGURE B-2
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Components — can be spread

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

Fixed

Compliant

BOTTOM-SUPPORTED

Gravity-Based

Jacket Structure Jack-up Compliant tower
Positively
Neutrally buoyant et

Have significant movement

= h .
=
g IR\ * Are usually moored
= //f.«" * Buoyancy is controlled actively
— - — with ballast
Ship FPSO Semi-Sub Sevan FPSO Spar PE?;?: (LTEL%,]
11
Jacket STEEL PLATFORM

CONVENTIONAL DECK

DIAGONAL BRACING

CONDUCTORS

SKIRT PILE GUIDE
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GBS

13

JACKUP

Taken from Volve PDO

14
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FPSO

15

FPSO - Comment about swivel .

e SwveL nu.ow_) “0 Q"’)\'Jk U'(’.
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FPSO - Swivel

FPSO Fundamentals

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

17

FPSO - Swivel

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

https://www.youtube.com/watch?v=SfjayORt3hU

18
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FPSO - Swivel

DFFSHDﬂ
)
)
)
)
)

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

Very
H]l;cﬁj Pressure
Eluia Swivel

19

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

20
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Vorten ska-)l\b

21

SPAR — Vortex induced vibrations

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

22
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SPAR — Vortex induced vibrations

Summary of project.

A*max = Ymax/D

"Fixed" means the cylinder is not
allowed to oscillate. "VIV" means
it is based on vortex shedding.

https://www.youtube.com/watch?v=24tBX UD3fM

23

SPAR — Effect of helical strakes

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

24
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SEVAN FPSO

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

25

Tension leg platform

https://www.rigzone.com/training/insight.asp?insight id=305&c id=

26
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Tension leg platform

Deck with Drilling and
Production Facilities

~———Tethers

Drilling and Well Risers

/ Foundation Template

Well Template

27
Comment about Tension leg platform
— )\ ]
/ 1 7\
' /
/
/
|
28
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Compliant tower

1 ] i

https://www.sciencedirect.com/science/article/pii/50951833914000148

29
. bk T
https://www.bairdmaritime.com/work-boat-
https://www.oedigital.com/news/453987-jack-st-malo-flows- world/offshore-world/offshore-extraction-and-
for-chevron processing/offshore-drilling/awilco-orders-second-
semi-submersible-drilling-rig-from-keppel-fels/
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

31

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

32
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Water depth

Water depth [m]
0 450 900 1500 2100 3000

[ ]
[ ]

413 - Bullwinkle

Jacket
GBS

300-Lena 610 - Petronius

Compliant tower

! ]
80 - Janice A [ 2414 - Independence Hub

Semi-Sub

\ J
148 - Hutton | 1581 - Big Foot

TLP

| J
588 — Neptune T 2383 - Perdido
SPAR

L J
‘ 2896 - Turitella

FPSO

33

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

34
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Reservoir spread and structure

« Long deviated wells ($$$) . Shorte_r, _verti_cal wells (S) N .
« Wells are drilled from one * The drilling rig must be mobilized often which costs

location, no need to spend money (_555) _ . o

mobilization time ($$) * Production can start in ramp up mode (if topside is in
+ Production startup must be place)

delayed until all wells are

drilled

35

Reservoir spread and structure

The more spread - requires a bigger and more costly
drilling package — more weight on the structure, bigger
structure ($S$)

36
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Transfer of well weight to soil and to offshore structure
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Transfer of well weight to soil and to offshore structure

Aoty \q\f"j

38
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X-mas
tree
— e g3 |evel
air cans
riser joints

keel joint

wellhead
seabed

b etn e}
wellbore

Support system for dry X-mas trees — deep water

BUTTANEY

Figure 6 - Well System

OTC 8382

Meptune Project: Spar History and Design Considerations
RS Glasvile, JE Hakyard, RL Davies. A Sieen. F_ Frimm, Deep O Technology, iac.

39

X-mas
tree
— e g3 |evel
air cans
riser joints

keel joint

seabed

wellbore

Support system for dry X-mas trees — deep water

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

T AT SURTACT

BuCrancy
canes suomaner
ean cuets

Figure 6 - Well System
OTC 8382

Meptune Project: Spar History and Design Considerations
RS Glasvile, JE Hakyard, RL Davies. A Sieen. F_ Frimm, Deep O Technology, iac.

40
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Support system for dry X-mas trees — deep water

X-mas
tree

roller deck

Y4

&/
tensioning
U™ system

load ring

sea level

ol

riser joints

. keel joint

wellhead

seabed

wellbore

41

Some selection criteria for offshore structures

* Water depth
* Type of X-mas tree

Well mj[erventlon needs Only floating structures SPAR, TLPs
Tmeg replacement and Semi-subs have “small”

* Completion modifications movement ranges suitable for dry
* Artificial lift (ESP) X-mas trees

* Infill drilling needs
* Reservoir spread and structure
Need for oil/condensate storage
* Marine loads — Oceanographic environment
* Wind, waves, current

42

21



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

Possibility for jackets without drilling package

Offshore E&P platforms: an overview
Part |

https://www.youtube.com/watch?v=-vImAvgn6dU

43

Possibility for jackets without drilling package

44

22
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Possibility for jackets without drilling package

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

45

Njord: subsea wells with well intervention possibility

46

23
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Layout of subs[e\a systems — template wells
|

Figure 3.3 Typical NCS tie-back solution (Image: Statoil ASA)

47
Layout of subsea systems — template wells
Host Production
Platform

+ Single Subsea

Satellite Well
B\ Subsea Wells

Template

48
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Satellite wells

Figure 3.4 Typical GOM subses tie-back

49

Jumpers for satellite wells (if close)

50
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Template wells vs satellite wells — similar dilemma to dry versus

wet X-mas tree

Figure 3.3 Typical NCS tie-back solution (Image: Statoil ASA)

* Long deviated wells

*  Wells are drilled from one
location, no need to spend rig
mobilization time

* Less subsea equipment

. Shuttle andkl— i
Flow Lines Storage Tankers |

|
o Production
\ [j@ ** Riser

~

B

b N
nﬁ:n;g?d Lg‘\Subsea Satellite Wells

¢ Shorter, vertical wells

* The drilling rig must be mobilized often which costs
money

* More flowlines, pipelines. Manifolds are required

51

The production manifold
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The production manifold

53

4 well template — the production manifold

Retrievable Manifold

54
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e )

The manifold th #05

6" Branch Line To/From Well

ROV
Panel

55

The manifold — reality vs sketch

6" Branch Line To/From Well

2" C1 Valves

ROV

Remote Actuated Valves i
Panel

10 " Main Header

Pigging Loop Isolation Valve

56
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4 well template — weight transfer

gg‘“
’\3"0'\0« w&ug _7/
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notes for Youtube video offshore structures 2

Metering - onshore
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Metering onshore — test separator

56
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Meterlng subsea — test line {roes) seperels
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Metering subsea — multiphase meter
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Metering requirements affect field layout - Brazil

RESOLUCAO CONJUNTA ANP/INMETRO N¢ 1, DE 10.6.2013 - DOU 12.6.2013 -
RETIFICADA DOU 17.6.2013

7.2.7. Testes de pogos
7.2.7.1. Nos casos em que os resullados dos lesles de pogos sejam ulilizados somentle para

apropriacao da producao aos pogos, cada pogo em producao deve ser lestado com um intervalo entre
lestes sucessivos nao superior a noventa dias, ou sempre que houver mudangas nas condicdes usuais de
operacgao ou quando forem detectadas variagdes na produgao.

7.2.7.2. Quando os rasultados dos testes de pogos torem utiizados para apropriacio da produgao a
um campo, em casos de medicio liscal compartilhada, cada pogo em produgio deve ser testado em
intervalos nAo superiores a quarenta @ dois dias, ou sempre que houver mudangas nas condigoes usuails da
operagio ou quando forem detectadas variagdes na producao.

7.2.7.4. Devem ser utilizados separadores de testes ou tanques de testes nos testes de pogos. Outros
moétodos de testes, utilizando novas tecnologlas, devem ser previamente aprovados pela ANP.

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

60
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Metering requirements - Brazil sss

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

61

Metering requirements - Norway

http://www.npd.no/Global/Engelsk/5-Rules-and-
regulations/NPD-regulations/Maaleforskriften e.pdf

REGULATIONS RELATING TO MEASUREMENT OF PETROLEUM
FOR FISCAL PURPOSES AND FOR CALCULATION OF CO,-TAX
(THE MEASUREMENT REGULATIONS)

Multiphase measurement

Multiphase measurement may be used if traditional single phase measurement of hydrocarbons is not
possible for financial reasons. The multiphase meter can then be used as a fiscal meter.

The following elements shall be satisfactonly documented to allow use of a concept based on multiphase
measurement, f. Chapter VIl and Section 18:

«  The operator shall present a concept to the Norwegian Petroleum Directorate for comments and
formal p ing well before sub the Plan for Development and Operation (PDO). An

estimale of the expected measurement uncertainty shall be presented, combined with financial
figures for the nisk of loss between production licenses (cf. NORSOK I-105), Annex C).

The main principles of the operations and maintenance philosophy shall be described.
Possibility to calibrate meters against test separator or ather reference.

Redundancy in sensors and robustness in the design of the measurement concept.

Relevant PVT (equation of state) model and representative sampling opportunity to be able to
perform a sound PVT calculation.

Design of inlet pipes to ensure similar conditions if multiple meters are used in parallel,
Flexibility in the system for handling varying GVF (gas volume fraction).

The planned method for condition monitoring and/or planned calibration interval shall be
described.

¢ The planned method and interval for sampling and updating PVT data shall be described

-

When the multiphase meters are part of the fiscal measurement sysiem, they shall be treated as other fiscal
i and di i which apply pursuant to these Regulations

shall therefore be fulfilled

62
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Pigging requirements . (L)
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Pigs

Wax plug-North Sea line pigging
Various pig types e

64
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Pigging loop and subsea pig launcher

B A

65
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The pigging valve

6" Branch Line To/From Well

5 1/8” Branch Valves

Remote Actuated Valves ROV
Panel
10 ”” Main Header /
m

67

Pig launcher and receiver

RECEIVER

Teap Isolation Valve

LAUNCHER

68
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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 X
multiple reservoirs

Frequent well intervention
Flow assurance concerns

Plans for infill drilling (and X X
coping with reservoir
uncertainty)*

Progressive production X
startup

Jacket, GBS, SPAR, ALL
TLP

71

Combinations can be used

https://www.akerbp.com/en/our-assets/production/ivar-

aasen/the-development-solution/

72
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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

73

Need for liquid storage

No or limited storage | Steel Jackets, Semi-subs, TLPs, Spars®®

Medium - Large
storage

{(up to 2.5000.000
STB)

FP50s, GBS

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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Note Title

Notes for Youtube video Marine loads and offshore structures for hydrocarbon production
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Comparlson Heave RAQ - FPSO Sevan Piranema
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Notes for Youtube video Flow assurance considerations in Field development

Flow assurance considerations in

hydrocarbon field development and
planning

Prof. Milan Stanko (NTNU)

RESERVOIR PIPELINES PROCESS
Issues

ASPHALTENES
S[CALE
| HYDRATES
| WAX

EMULSIONS
| FIV
| CORROSION
SLUGlGING
| EROSION

Naphtenates

. . Foam
* microorganism growth
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Hydrates

o Hydrogen
@ Oxygen
. Carbon
= Hydrogen bond
= Covalent bond

https://www.youtube.com/watch?v=0z4NLXfdgpA

Hydrates - conditions

Free water (in liquid phase)
Small hydrocarbon molecules
Particular range of pressure and temperature.

Hydrate
2l Risk
r
- No Hydrate
o Risk
Temperature -
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Hydrates - conditions

Free water (in liquid phase)
Small hydrocarbon molecules

Particular range of pressure and temperature.

LY

TAKEN FROM EQUINOR

\ 180 Dew point line
160 -
Hydrate 140 - g Hydrate line
2l Risk Eun ;3 =
§ £100 ;é 53
8 NF) Hydrate £ = =
o Risk "
40
20
E 0 . - .
Temperatu re 90 700 S50 00 10 10 30 50 70 90 110
Temperature, *C
5
liquid
o
7 N
e liquid+vapor

Paraffins (C18 - C36)

o
Temperature
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Wax

Oil viscosity versus temperature chart
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Formasjonsvann Seawater
Sca Ie |_ton |  (mam | _ton | [mgn

Na 14 800 Na 10 680
K 520 K 396
Mg 13 Mg 1279
Ca 378 + Ca 409
Ba 410 Ba 8

Sr 228 Sr 1]

Fe 58 Fe 0

Cl 23600 Cl 19220
S04 0 S04 2689

Ba** + SO} = BaSO,(s)

BaSO, CaCO, T

N a I TAKEN FROM EQUINOR (SANDENGEN)

13

Erosion

14
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Slugging “lmm,

https://www.youtube.com/watch?v=j59QLHsTs ¢

15

Slugging — impact on separator operation

LAL: Level alarm low

T LAH: Level alarm high
LALL: Level alarm low low
LAHH: Level alarm high high
1L 7
S
\\ —9l_u\HH = /a"lk’ ’.}W “N‘) "‘M‘lb
i1 eH
}\d‘\""w\) LAL — l‘

\
v

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

16
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Slugging — impact on separator operation

f

= LAHH
LAH

NLL

LAL

17

Slugging — slugcatcher handling slugs

bt
S ERREQL DI I
e ._\L») hJ °'{J
i g

https://www.youtube.com/watch?v=LKLW5284adlI

18
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Corrosion

electrolyte

10f al (me corrossion

19

Oil-water emulsions

20

10
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Oil-water emulsions

[ ad celle
dupersion
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21

Oil-water emulsions

Inversion point

Emulsion viscosity, i, [cp]

4

500 Water in 0il | AN oitin water
dispersion e o dispersion

000, 0.20 0.40 0.60 080
\_/ Water volume fraction, o, [-]

22
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Foam

. SEPARATED GAS
| <]

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

SEFARATED OIL

https://www.crodaoilandgas.com/en-gb/discovery-

zone/functions/foamers

separators/

23

Hydrates

H

Slugging

Scaling

Flow

assurance
issue

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.

Composition of the crude oil

Begins to form at given p and
T due to changes in solubility
Cold wall

Dynamics of multiphase flow
of liquid and gas

Reduction of rate

Liquid accumulation on low
points

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

Irregularities on surface

Potential Consequences

* Blockage of flowlines and
pipelines

In wells, flowlines and pipelines:
*Increase pressure drop (pipe
roughness)

*Reduction of cross section area
*Pipe blockage

*Changes fluid rheology
«Gelling (problem for startup)

* Fluctuating liquid and gas input
to processing facilities

In flowlines and pipelines:

* Vibration

* Added pressure drop

* Fatigue

In wells, pipelines and flowlines:
*Reduction of cross section area
*Pipe blockage

*Malfunctioning of valves and
equipment

Prevention/solution

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*

Pigging

Thermal insulation
Electric heating
Chemical inhibitors
Chemical dissolvers
Pipe coating

Cold flow*

Change separator size

Pipeline dimensioning

Maintain flow above minimum flow rate
Gas lift in riser base

Choking topside

Pipeline re-routing

Subsea separation*®

Continuous injection of chemical inhibitors
Dilution by adding more water

Chemical dissolvers

Mechanical removal

Coating

Tools available for analysis

To determine Hydrate formation conditions:
sLaboratory 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)

Laboratory tests

Transient multiphase simulators (e.g. Olga,
LedaFlow)

Computational fluid dynamics (CFD)

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

Laboratory tests
Simulation tools

24
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Flow Causes Potential Consequences Prevention/solution Tools available for analysis
assurance
issue

Erosion ©
.
.
.
Corrosion ©
.
.
.
Emulsions ©

Asphaltenes -«

Sand production

High flow velocities
Liquid droplets in the gas
Gas droplets in the liquid

Water
0,
o,
H,S

Emulsification agents in the
crude

Mixing, shear when flowing
through valves, chokes, etc

Crude with asphaltenes
Pressure reduction

Addup of light hydrocarbon
components

In wells, pipelines and flowlines:
«Structural damage

*Vibration

*Leaks

*Corrosion

Leaks
Integrity

Added pressure drop
Increased separation time

Blockage of formation, well,
flowline and pipeline

Loss of equipment functionality
Emulsification and
foamification

Change geometry

Replacement and maintenance of
components

Reduce flow rate (reduce formation
drawdown)

Sand separation*

Coatings

Coatings
Material selection
Surface passivation

Injection of demulsifiers
Heating

Mechanical removal
Chemical injection

.

.

.

.

Standards (DNV-RP-0501)
Computational fluid dynamics
Laboratory testing

Laboratory testing

Laboratory tests
Multiphase models

Laboratory tests
Some simulation tools

25

Measures and consequences

* Chemical injection
* System design, e.g.

O pipe and component insulation

O heat tracing

(0]

dead legs

O pipeline routing
* Well intervention needs
* Water injection strategy
* Define procedures when shutting down
and starting up
* Ensure proper distribution of chemicals

26
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Example of chemical injection program

Tabell 5-2. Forelgpig oversikt over kjemikalietyper

Type kjemikalie Konsentrasjon (ppmvol.)  Tilsettesi
Avleiringshemmer A 50 Produsert vann
Avleiringshemmer B 20-50 Sjgvann
Korrosjonshemmer 50 Produsert vann
Emulsjonsbryter 50 Total vaeske 1)
Skumdemper 5 Total veeske
Flokkulant 10 Produsert vann
Vokshemmer 150 Total vaeske 1)
Biocid 80 Total veeske 1)
Oksygenfjerner 5 Sjgvann

H2S fierner 150 Produsert vann
MEG Batch Brgnnstrgm

Frekvens

Kontinuerlig
Kontinuerlig
Kontinuerlig
Kontinuerlig ved behov
Periodisk

Kontinuerlig

Periodisk

Kontinuerlig
Kontinuerlig
Kontinuerlig ved behov
Ved behov

1) Olje og produsert vann.

27

Release and disposal of chemicals

Svart kategori: Stoffer som er lite nedbrytbare og samtidig viser heyt potensial for bicakkumulering ogleller

er svaert akutt giftige. | utgangspunktet er det ikke er lov & slippe ut kjemikalier | svart kategori. Tillatelse il
bruk og utslipp til spesifikke kjemikalier gis dersom det er nedvendig av sikkerhetsmessige og tekniske

grunner.

Tabell 7-1 Klassifisering av kjemikalier i henhold til OSPAR

From Ivar Aasen PDO,

Rod kategori: Stoffer som brytes sakte ned | det marine miljeet, og viser potensiale for bioakkumulering
ogleller er akutt giftige. Kjemikalier i red kategori kan vaare miljefarlige og skal derfor pricriteres for
utskifting med mindre miljofarige alternativer. Tillatelse til bruk og utslipp gis kun av sikkerhetsmessige og

tekniske hensyn.

Gul kategori: Kjemikalier | gul kategori omfatter stoffer som ut ifra iboende egenskaper ikke defineres |
svart eller rod kategori og som ikke er oppfort pd PLOMNOR-listen (se under). Ren gul kategori er
uorganiske kjemikalier med lav gifighet eller kjemikalier som brytes ned >60% Innen 28 dager. Gul-Y1 er
20-60% nedbrutt og forventes & brytes ned fullstendig over tid. Gul-Y2 er moderat nedbrytbare til ikke
giftige og Ikke-nedbrytbare komponenter. Y2 skal forsokes substituert pa lik linje med rode kjemikalier.

Del 2

Grenn kategori: Stoffer som er oppfert pa OSPAR-kenvensjonens PLONOR-liste (Substances used and
discharged offshore which are considered to Pose Little Or No Risk to the Environment). Disse
kiemikaliene vurderes & ha ingen eller sveert liten negativ miljoeffekt. Kjemikalier i gronn kategori omfatter

ogsd vann som inngdr i kjemikaliene.

28

14
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Release and disposal of chemicals

Tabell 7-4 Miljpmessige egenskaper til produksjonskjemikalier som vil felge produsert vann fra Johan Castberg-

feltet

Type kjemikal

Vannfase/oljefase

Klassifisering

Avleiringshemmer

Vannleselig.

Felger produsert vann.

Det er antatt at gult kiemikalie (i klassen
Y2) kan velges. Kjemikaliet er moderat

bionedbrytbart til ikke bionedbrytbart Det
er ikke giftig og vil ikke bicakkumuleres i

nazringskjeden.

Emuisjonsbryter

Oljeloselig.
Felger hovedsakelig oljefasen (95%)

5% felger produsert vann

Vokshemmer

Oljeloselig.
Folger oljefasen.

Skumdemper

Oljeloselig.
Folger i all hovedsak oljefasen, lave konsentrasjoner i

produsert vann

From Johan Castberg

Flokkulant

Vannlsselig, men binder seg til oljedraper.
Felger hovedsakelig oljefasen (80%). 20% er antatt &

felge produsert vann.

PDO, Del 2

Biocid/Glutaraldehyd

Vannleselig.

Felger injeksjonsvannet eller produsert vann.

Kjemikalie er klassifisert som gult pga
giftighet. Det er ikke nedbrytbart og vil

ikke bioakkumuleres i naeringskjeden

29

More about production chemicals

PRODUCTION
CHEMICALS FOR THE

OIL AND GAS
INDUSTRY

S ECHOINEDE D0 T

Malcolm A. Kelland

@. RC Press

30
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Flow assurance evaluation during field planning

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

* Laboratory tests

*
Discovery DGO DG1 DG2 DG3 DG4
, — | ———— . | =»>
Business case ~ Project Project Operations Decommissioning
identification planning execution

31

Flow assurance evaluation during field planning

Refine the flow assurance
strategy

-More laboratory tests
-Management plan
-predictionof pand T

-Study of startup and shutdown
-System design and verification

-FIV
*
Discovery DGO DG1 DG2 DG3 DG4
: — — . | >
Business case = Project Project Operations Decommissioning
identification planning execution

32

16



TPG4230 - Field development and operations

Prof. Milan Stanko (NTNU)

Injection of production chemicals subsea

uwbiliol

(SDU hyte, Ju*h‘ut\h wu't

33

Injection of production chemicals
H]oro(
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20.03.2020

Inner Sheath

Dual layer armour package

/ Quter Sheath

Figure 3 - Umbilical Cross Section Example

Umbilicals, injection of production chemicals

35

Umbilicals, injection of production chemicals

18
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Release and disposal of chemicals

Scale inhibitor
Hydrate inhibitor
Biocide )
Corrosion Inhibitor
Wax Inhibitor

Umbilical to Well
AT
el

¥

Communications

Powear

ke

Hydraulic HP

Hydraulic LP

37

X-mas tree template

X-mas traa tamplata

| S—— -
1 1
i 1
1 1
1 1
" - [ P ——
L}
L}
[}
L}
'
[}
| SUBSEA
'
L}
L}
L}

Topside [FPS0)

PMU Production master valva
POV Production wing valve
PCV Preduction choke valve
PT Presture traneducer

TT Temperature fransducer
MIV MeCH injection valve
MCV MeOH choke valve

UMBILICAL

From Msthanol
pumping system

38
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Injection of production chemicals —template wells

6" Branch Line To/From

/ Well

l"’
i p

5 1/8” Branch

-y
< .l".

Remote Actuated 21 _ ROV
Valves = ¥ 2 4 Panel
10 Main Header 237
Pigging Loop Isolation Valve /
39

Injection of production chemicals — template wells

6”7 Branch Line '

CONNECTION TO
UMBILICAL

Remote Actuated 228" .
Valves '
10 ” Main Header DS
Pigging Loop Isolation Valve /
40
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Injection of production chemicals in well
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Subsea manifold and dead-leg geometry

* Dead-legs are inherently present

Teawsia=24°C

SeaWater™ —

———-Insulated pipe

Inhibited fluid

ute
Closed Valve= "
UTC Bergen - 16% June 2016 Cold spot p.20of 12

43
6” Branch Line To/From
.. 5 1/8” Branch
,z Valves
N,
SRG 2 CI
e Valves
Remote Actuated P g KON e ROV
Valves R L K 4 Panel
10 ” Main Header e '
Pigging Loop Isolation Valve
DEAD LEG
44
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Tools for analysis

* Laboratory tests of fluids (oil, gas, water)

» Steady state flow simulators (Hysys, Gap, Pipesim, Olga,
Leda, FlowManager)

* Transient flow simulators (Olga, LedaFlow,
FlowManager, Hysys)

* Thermodynamic or PVT simulators (PVTsim, Hysys)

* Standards (DNV, API)

* CFD simulation for 3D flow analysis of pressure and
temperature (Comsol, Ansys)

* Finite element analysis for structural analysis and heat
transfer in solids (Abacus, Ansys)

45

23



Introduction to PETEX

=
[
©
—
)
>
)
-
S
Q
el
=
)
—
)
b
o
©
X
0
=
=
=)
x

5 April 2022
Prepared by: Presented by:
e Agung Gedde Angga e Leonardo Sales

e Milan Stanko
e Salma Alkindira




Outline

* Licensing

« PROSPER

« MBAL

 GAP: Set up Production Network
 GAP: Solve Production Network
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Licensing

icensin up Wizar . . .
e Heensing Setup Wizard MF -only 10 licenses are available

-please work in groups (9)

IPt programs require a icenzing system o run,

The licensing system can either be a bitlock that iz
plugged into wour computer that only pou can uze OF a
zemvel on your netwark that shares icenges with other
ugers on pour network,

The license setup wizard iz uged to help you configure
your PC to uze pour chozen licensing spzken,

'ou wil be azked questions about pour licenzing
zystemn and PC. The wizard will try bo configure pour
PC to uge the licensing spetem,

IF paus wizh to ztop the wizard at ary time, click
Cancel.

IF gLy weanit ko re-run the Wizard in the future, select
Start-Programs-Petraleumn Experts [P X-Ultilities-Setup
Licenzing *Wizard

< Back | Mest » I Canicel




NTNU

Licensing

Licensing Setup Wizard - Select the license type MF

< Back I

Which type of licenzing spstem do you have? Select from
the follmwing optionz and then click on the Mext button
belowy.

| have a single user bitlock.

There iz a nebwark hardlock, license server

& N the netwark ta which my PC i
connected. | want to use a licenze fram the
hardlock,

Mt » Cancel

-only 10 licenses are available
-please work in groups (9)
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Prosper — System Summary

NTNU © © -use default setting

[ [ e [ | oo | e [ Fluid: dry and wet gas
-Method: Black Oil
-change unit system to
Norwegian S.I.

Fluid Description Calculation Type
Fluid |Dry and Wet Gas
Method [Black Oi

Predict (Pressure and Temperature (offshore)

Ll

Model |Rough Approximation

Lol L]

Range |Full System

Separator " Single-Stage Separator

Lo

Brine Modelling

Brine Properties Correlation ||Defau|t

L

PVT Warnings | Disable Warning

Water Viscosity ||Use Default Correlation

Water Vapour |Mo Calculations

[EN[EN K

Well Well Completion
Flow Type |Tubing Flow

Type |Cased Hole
Sand Control |None

Ll
Ll

Wel Type |Producer

Artificial Lift Reservoir
Method "Nune j Inflow Type ||Sir|gle Branch j

User information Comments {Cnt-Enter for new line)
Company "

Field "

Location ||

well ||

Platform "

Analyst "

Date "ansdag 5. februar 2020 j




Prosper — PVT Input Data

B PYT - INPUT DATA (well_1.0ut} O * . .
input PVT data (gas gravity,
| Done | | Cancel | |Man:h Data ‘ | Matching | ‘ Calculate ‘ | Save ‘ | Import | | Export ‘ | Help ‘ [~ Use Tables
.
Input Data Z Factor, Gas FVF psep, Condensate graV|ty)
Input Compasition Warnings dard .
Standar
Parameter 1 | Parameter 2 ‘ s Reset Al - h PVT I t
p——— — choose correlation
ZFactor |1 0 Reset
Separator Pressure| 30 BARa GasFVF [ 1 0 Reset
Condenzate Gas Ratio 0 sm3/5m3
Gas Vigcosity Correlations
Condensate Gravity Ka/m3
Parameter 1 | Parameter 2 ‘ Standard | oocet Al
Water Gas Ratio 0 5Sm3/5m3 Deviation
Leeetal |1 0 Reset
Water Sali a F
Water Salinity Prm Carretal |1 0 Reset
Mole Percent H2S 0 percent
Matching
Male Percent CO2 0 percent
Match Data | 7 Factor Plot | Gas Viscosity Plot | Gas FVF Plot_|
Mole Percent M2 0 percent
d Temperature | degC ‘
Gas Viscosity Correlation|Lee et al -
Pressure Z Factor Gas Viscosity Gas FVF ~
Point
{BARE) {mPa.s) (m3/5m3)
1
Other Data 5
Options | Reservoir Data | Water Vapour Data 3
Options 4
Water Viscosity |Usa Default Correlation ﬂ z
6
Water Vapour |Nn Calculations j 7
8
9
10 L




NTNU

Prosper — PVT Input Data

-calculate PVT properties

B PVT - Automatic Calculation (...

a

Dane || Cancel || Calculate || Help
—Data Points
{* Automatic Gas Viscosity
ILee etal
" User Selected
Ranges L
Temperature Pressure
(deg C) (BARa)
From 50 30
To 92 276

Mo.Of Steps

10

i 1 i B

-input Tres & Pres

FEARBHEE

e
e
e
ot




Prosper — IPR Data

NTNU -Reservoir model: Cand n
-input reservoir data (Pres,
Tres, C, n)

B Inflow Performance Relationship (IPR) Input (well_1.0ut) ] X

Done | [ cancel | [ caluate |[ Bt | | Testosta || sensitvity | [ sandfaiure | [ mgp)Table |

b ] e | [ uadoe | [ et |

[ Reservoir Model [~ Reservoir Data [ Model Data

Jones
Forchheimer Reservoir Pressure| 276 BARa
Back Pressurs

-
Reservor Tengeratre e

MultRate C and n C and n Reservoir Model

MultiRate Jones Water Gas Ratio 0 sm3/sm3

External Entry

Petroleum Experts Condensate Gas Ratio 0 5m3/5m3

Hydraulically Fractured Well

Horizontal Wel - No Flaw Boundaries Compaction Permeability Model Mo In converting the value of C fram one unit system to another (oilfield to metric for example), the value

MultiLayer Reservoir of nneeds to be induded in the unit conversion formula.

Horizontal Well - dP Friction Loss In WellBore The unit conversion system in Prosper can only support units being converted by constant values.

SkinAide (ELF) Therefore, any unit conversions of C have to be done outside Prosper and the values

Dual Porosity entered in the program as opposed to allowing the program to perform the unit conversion.

Horizontal Well - Transverse Vertical Fractures

MultiLayer - dP Loss In WellBore

Modified Isochronal

Forchheimer With Pseudo Pressure

MultiRate Forchheimer With Pseudo Pressure
POT

C 1000 Sm3/day/bar2

~Mechanical /G ic Skin

- Deviation/Partial Penetration Skin

Plot
[ |

I Rate Drecsire | Temneratire dp Tatal Gkin| Tl




Prosper — IPR Data

-calculate & plot

- PR Tnput Section
E-{ Calaulation Results 05.02.2020 - 09:58:33
B PR Resuits
B[ TestData
- B IPR TestData

) Rate

() Pressure

() Temperature

() dP Total Skin

) Total Skin

%) dP Completion Skin
) Completion Skin
i) dP Sand Control Skin
T3 sand Control Skin
) dP Perforation Skin
() dP Damage Skin
() dP Penetration Skin
%) dP Deviation Skin
%) Perforation Skin
-]

HEXK W 9= ] 8§64

Pressure (BaRa)

v -3 IPR—Ca\c:Results'Prassure'

10000

20000 30 000

40000
Rate (10005m3/d)

50000 60 000 70 000

INPUT DATA
Inflow Type
completion
sand control
Gas Coning
Reservoir Mode]
Perm(k) Reduction Model
Reservoir Pressure
Reservoir Temperature
wWater-Gas Ratio
Condensate Gas Ratic

n

single Branch
cased Hole
None

< and n
No

276.00
92.00 (deg C)
0 (5m3/5m3)
0 (5m3/5m3)
1000 (5m3/day/bar:
1

CALCULATED DATA
AOF

76237.159  (1000Sm3/d)




Prosper — Equipment Data

DEVIATION SURVEY (well_1.0ut O

| Done || Cancel || Main || Help || Filter || Flot |

MD <-=TVD
| | Calrulate

Input Data

Measured True Vertical Cumulative Angle -
Depth Depth Displacement

(m) m) {m) (degrees)
0 1] 0 o]

2100 0 0

Point

[r- BRI (T T S

T e o ey
L T L e T Y e =1

=}
<

-input deviation survey
-neglect surface equipment
(since we only consider the
flow to wellhead)



Prosper — Equipment Data

-input downhole equipment
-pay attention with the
measured depth, unit of
tubing ID, & roughness

T DOWMNMHOLE EQUIPMENT (well_1.0wut) O >
I Done I | Cancel | | Main | | Import | | Export | | Report | |'I_'ubing DB | | Casing DB | | Help |
Input Data
Label Type Measured Tubing Tubing Tubing Tubing Casing Casing Rate ™~
Depth Inside Inside Qutside Qutside Inside Inside Multipli
Point Diameter Roughness Diameter Roughness Diameter Roughness
(m} (m) (m} () (m} (m} (m)

¥mas Tree a
Tubing 2100 0.15 1.524%e-5 1

(¥ v RN R = R T, TR (A % R N B

[ R S R S
[+ ¥, I S FY I X ST = |
L4




Prosper — Equipment Data

-input geothermal gradient &
8 | GEQTHERMAL GRADIENT (well_1.0ut) O X overall heat transfer coefficient

| Daone | |§ancel | | [ain | | Import | | Export | | Plot | | Help |

Overall Heat Transfer Coeffident | 45| W fm 2K |

Formation Gradient

Depth Reference | REKE |Enter Measured Depth j
Formation TVD Formation Measured Formation
Point Depth Temperature
{m) {m) {deg C)
W] W] 4
2100 2100 g2

M = I, B (O I 8 R




Prosper — Equipment Data

-input average heat capacities
-neglect gauge details

B Average Heat Capacities (Well... O >

Done Cancel Main Export Help Default

Cp il 2.219 K1/Ka/K

Cp Water 4.1368 K1/Ka/K




1

Prosper — Analysis Summary

-calart “cuctem” nntinn

Y515 (well_1.0ut)

| ‘ Blot ‘ ‘ Sensitivity Plot | | Sensitivity PvD ‘ ‘ Export ‘ ‘ Options ‘ ‘ Lift Curves ‘ ‘ Help ‘ ‘ Generate ‘
100 BARa Gas Rate  Water Rate VLR IPR dP Total Skin dP dP Damage dP Comple Label Value
Pressure Pressure Perforation Completion skin o
0 Sm3/sm3 Paint Liquid Rate o (sr
) Sm3/Sm3 (10005m3/d) (Sm3jday)  (BARa) | (BARa) {bar) {bar) {bar) {bar) Solution MNode Pressure 255.078 i
Hydro-2F 1 28174e-5 |0 115,382 276 0 0 0 0 0 CP Fricton —— L
dP Gravity 21.9318 (bz
Petroleum Experts 2 2 2500 0 120,463 271437 |0 0 0 0 0 dP Total Skin 0 b:
Bottom Node dP Perforation a (b
Jser Selected j 3 5000 i} 170.003 266,736 i} i} i} i} i} 4P Damage o b
Gas Rate 4 7500 0 222,49 262,073 0 0 0 0 0 dp Completion a b
DisAllow 5 10000 0 281251 257263 |0 0 0 0 0 Completion Skin o
Mo Total Skin i}
6 |12500 0 344.451 252,361 |0 0 0 0 0 wellhead Liquid Density 727.103 (K
Gas Rate ~ 7 Wellhead Gas Density 58.9469 (ki
(10005m3/d) . Wellhead Liquid Viscosity 0.38659 (mi
Wellhead Gas Viscosity 0.015179 (mi
_ 5 wWellhead Superficial Liquid Velodty ] (m
10 Wellhead Superficial Gas Velocity 68,1122 (m,
i Wellhead Z Factor 0.9204
Wellhead Interfacial Tension 6.97203 (mi
12 Wellhead Pressure 100 (B#
13 Wellhead Temperature 80.078 (de
12 First Mode Liquid Density 727.103 (K
First Mode Gas Density 58.9469 (K
15 First Node Liquid Viscosity 0.38659 (ml
16 First Mode Gas Viscosity 0.015179 (mi
Eiret hadas 5 imamrdsmi=] 1imnid elmmids s mn F -




Prosper — Analysis Summary

¢ Estimate the producing rate using flow equilibrium assuming that the well is producing -calculate
against a constant wellhead pressure of 100 bar. -plot > system plot - plot all

cases = X-axis: liquid rate, Y-
axis: VLP & IPR pressure

O ey romr s o el el B B 8 8




0 Prosper — Analysis Summary

NTNU » Generate and export lift curves to be used in GAP (in the following exercise). pw range: 30- -generate VLP table
276 bara -select “VLP” option
-go to “cases”
oo | [ oo | [ | -select variables & generate
Variables == variable data (you can use linear

B 7 SELECT VARIABLES (well_1.0ut) O >

Help | | Reset all | | Combinations |

Top Mode Pressure

— | spacing & 20 breakpoints). Then
‘ you have 20 cases

ﬂlTop Mode Pressure

2]

30

42.9474 Clear Data

55.8947

58.8421

81.7895

oarses

107.684

120,632

Ll el L el el Lele]

[Blefefs[o]o]s]:

133.579

=
=]

146.526

[
[

159.474

[
8]

172.421

[y
1)

185.368

[
B

198.316

[
wm

211.263

[
i}

224,211

[
=

237.158

[
[¥i]

250.105

[
i)

253.053
275

8




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




Outline

- MBAL




MBAL (Reservoir Model)

File Tool Options

PVT Input History Matching Production Pre

diction View

Units  Help

Add Tank

Add Trans.

Add el

Tank01

-open MBAL

-save as

-select “tool” = “material
balance”



MBAL - Options

NTNU

System Options

/Done xgancel ? Help

T ool Options Uger Information
Reservoir Fluid |Gas hd e |
Tank Model |Single Tank hd Field |
Abnormally Pressured |No -
Froduction Histary | By Tark ? Location |
Compositional Model |Mane z Platfarm |
Analyst |

L

Reference Time |01.01.2005  date d.mp
IIzer Comments M [Ctrl+E nter for new line]

-select “options”
-use default setting



MBAL — Unit System

NTNU -select “Units”
-change unit system to
Norwegian S.I.

it System
Init Selections | YWalidation [Input Units) | |
Unit M ame [hput | Shetdul Cutput | Sheu b inirun | b airmurn | Detailz |
Comprezszibility 1/bar Shtdu l 1/bar J Shitdu ] 0.014503774 Details
Critical Pressure BARa Shitiu BARa Shetull  0.94430091872 | 2069.440353489 Dietails
Critical Temperature deg C Shtdu degC Shitdul 272 FFIFR05 1648.888724 Details
Critical Yalume miskgmole | Sh/Mu|  m3komole | SheMul 0 £24.3 Details |




@ MBAL - PVT
-select “PVT” -2 fluid properties

NTNU
-input PVT data
-select PVT correlations

== Match

= W W
/Dune xgaru:el ? Help =, Match %Iﬂble & Import | (77 Export EEQE F'a;am.

Correlationg

Gaz aravity Iﬁ sp. gravity Gas vizcosity
Separator pressure |3|]7 BARa Les et al ﬂ
Condensate to gas ratio |[|7 Sm3/5m3
Condersate gravity |;-'517 K.g/m3
Wi ater salinity Iﬂi ppm
Male percent H2S Ini percent Use Tables
Male percent CO2 Ini percent Use Matching
Mol percent Mz IEIi percent b odel W ater 'V apour

Input Parameters




MBAL - Input

Tank Input Data - Tank Parameters

/Done annceI ? Help [.'qfr‘lmport

Tank. Water ‘ Rock Rock Pore Yolume|  Relative ‘ Production
Parameters IrflLis Compress. | Compaction| ws Depth | Permeability | History
Tank Type |Gas A Moritar Contacts
Mame Gas Storage
Temperature degC Model ‘' ater Pressure Gradient
Initial Pressure EARa Usze Fractional Flow Table (instead of rel perms)
Poroszity fractian Coalbed Methane
Connate 'Water Saturation fraction Model Coal Permeability 4 ariation

‘wiater Compressibility Uz Con 1/bar
Qriginal Gas In Place [27 0000 MSm3

Start of Production [10.02.2020 date dmy

Mest »» Walidate

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



MBAL - Input

NTNU -input water influx

/Done xganc:el ? Help

Tank W ater Rock Rock  |Pore'olume| Relative | Production
Parameters Iriflue Compress. | Compaction| ws Depth | Permeability | History
Model |N0ne j

<< Priar Mewt >




NTNU

MBAL - Input

Tank Input Data - Relative Permeabilities

/Done xgancel ? Help IéEIDt m&pg ECQ\C

Tank W ater Rock Fock  [Pore Volume| Relative | Praduction
Parameters Inflx Compress. | Compaction | s Depth | Permeability | Histon

Rel Perm. from |[sRTEENGT

“Water Sweep Ef. percent
Hysteresis |Mo -

Residual End Point | Exponent

Saturation

fraction fraction
Krw |0.25 |D-3 |2-5 | Momalize End Points
kig |01 [oe [15 |

<4 Prior Nest 3

-input relative permeability



Outline

 GAP: Set up Production Network




G GAP (Network Model)

NTNU -open GAP
-Save as
%] GAP-32bit v12.0 - IPM v11.0 Build 107 - \\sambaad.stud.ntnu.nc\igangga\...\Class Exercise 2\pdo.gap - [Production Systern] = O X
EﬂFiIe Options  View Edit Flow Assurance  Constraints  Generate  Model Validation  Solve Metwork  Transient  Prediction Results Reports Window Units  Help - a2

=
o

bl|d|® © &S] -] =|A

Ala| |G| |t o|w|ea] @[] x| XK | &|ek[x| #P




GAP

(). | Cancel| Heport| Help |

NTNU

System bpe |F'roduc:ti-:-n

Optirmization method |F'r0ducti0n

PYT madel | Black Qi

Prediction |Dn

Prediction methad |F'ressure and temperature

W ax or Hydrate waming |fo

' ater Vapour | Mo Calculations

Temperature model |F|ngh approximation

Heat Transfer Coefficient | Enter Heat Transfer Coefficient

Calculate /=ll Choke DeltaT [0t

Brine Properties Correlation |L|se Default Correlation

' ater Viscosity Correlation |L|se Default Correlation

Allaw Tranzsient Pipes/w'ells |Enable Transient Calculations

Ll Led Led Led Led L Ll L Lef Lef Lef L L

B ackground bitmap

Agzociated Injection Models

-open “options” 2 “method”
-system type: production

-PVT model: black oil

-for the rest, use default setting
-change unit system to
Norwegian S.I.



G GAP: Reservoir: Summary tab

NTNU
-add tank icon = rename the tank
. -double click to edit tank properties
-include MBAL model
-done
bdodel Type FuT Model
|Material Balance ﬂ |Gas J |B|a|:k il
MBAL File
|E:'xLlsers'x...'\TF'G423EIHF'revinus_|:Durses'xE:-:eru:ises"-.u:uther'xﬁas_E'xsanhite.ml:ui - Eru:-wse|
MHumber of Tanks Tank 1D Start of Production End of History Status
| 1 | Snowhite | 10.02.2020 | 10022020 | Walid
Original ail in place
b4 Sm3

Original gas in place
270000 M Sm3




GAP: Well: Summary tab

.F]l !ilu -add well icon = rename the well
-double click to edit well properties
B e oy e -summary’ tab = change welltype

Label Mame Mak .
= | e =] and add path to prosper file
Comments

wiell Tupe HModel Rt Model

[ Gas Produce: = [viP /1R stmsecton =] [Use volumes =] T Transient IPR

™ Tramen el

FROSPFER Fin
ClsershalankorSynologyUimeshHO NN THUNCourses_Mstenah, | PUAZI0NFrevoss_s [INS | Brovss |

Dala Summany [chok dem lo actvals]

Tank Conng _| Coritrels _l
IFR _| Dowriine: [IINERE
VLP _| Corwsg _l
Coanshaints _| Schedule _l




GAP: Well: Input tab: VLP Tab

NTNU

We-II "W1-1" - Input Screen

VLF Detais

WLP File Name

“\Ljzars\alkin\D ocuments\T PGAZ30-2020well_1.vig S Bowse .
| “’input’ tab =2 ‘VLP’ tab 2>
mport | Export | Inspect | Generate I Tum off  unstable

™ Force left hand side intersection [solver)

kbbb ‘import” VLP table in TPD format

[~ Sale VLP/IPR intersection [much slower ) d
-aone

WLP Information
Type : Gas Producer

Sensitivity Vaniables : Gas Rate, Manifold Pressure

Calculated Vaniables : FEH Fressure. FwH Temperature, C Factor, Mixture Velocity, Erosional Velocity, Max Grain Diameter, Tumer Velocity, Erosion Flag, Tumer Flag, Erosion
Rate. Comosion Rate

Surface Comelation : Hydio-2P
Wertical Comelation : Petroleum Experts 2




o] GAP: Well: Input tab: IPR Tab

NTNU

Well W1 - Input Screen

e o (o] e ’input’ tab > “’IPR” tab
Liba] Lapc T [ E| Mool won = e Choose IPR type to “Cand n” to
Inflowe Performance . .
G ol P Mach have the same expression in
177 Type T ~ | Loy Pressue]  BARe PROSPER

[ Sm3daphba2 LayerTemp|  degC

n!
IPR:P:HfIi_I

Pemeabdity Compaction Comection ’7
Crossflow Injectivity Index |~ Sma/daw/bar2




a1 GAP: Well

Transfer IPR data

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




GAP: Well

-add connection between reservoir and well

.Snowhlte




GAP: Well: Input tab: IPR Tab

@Well "W1' - Input Screen

Select
Layer | Layer 1 - Invahd vlj Add Layer | | Dn.picdeuye:[
Label Layer Type |Gas - Mask | Inchuded in system V|
Inflow Performance
Tank Connection | Snowhite _J m‘

IPR Type|C andn ~| Layer Pressure[276 BARa
C|1000.8203 Sm3/day/bar2 Layer Temp| 32 000003 degC
ni1

IPR dP shift [~
PeimabiiConpacionCamction]
Crossflow Injectivity Index Sm3/day/bar?
Gravel pack [~ Edit Gravel Pach
Fluid Properties
Cond. gravity |751 Kg/m3 Water salinity [0 ppm
Gas gravity FOSS 3p. gravity H25 |0 petcent
CGR [0 Sm3/Sm3 ECIZ]EI percent
WGR |0 Sm3/Sm3 N2 |0 petcent W Use tank impurities

Checking the IPR quality:
-’input’ tab = ”IPR” tab



GAP: Well: Input tab: More... Tab

Prediction fractional flow model:
From Tank Model

Select

Layer|Layer 1 - Irvalid jil

Relative Permeability

Prediction Fractional Flow Model (M= L s N -

Edit IR Match

Shift Bel Perm to Breakthrough | ko -
P.l. Correction for Mobility | Mo -

lJse match
coefficients




GAP: Well: Input tab: Control Tab

B Well "Well_1" - Input Screen

dP Cortrol

dP Control |[BEIEIEVES|

-

Deka Pressure Diop |0 bar —'input’ tab 9 ICO ntr0|’ tab

I Calculate choke size from dP
-change dp Control to allow well
choking
-done

4+ IPR £ VLP 4 Coning 4 Constraints | Downtime ; 4 Schedule

Surmmary Besults




GAP: Production Layout

NTNU

Melkoya

Snowhite




GAP:

‘Snowhlte

Separator

R LE]
.* ol

.
R TTTL

-add separator icon = choose
‘oroduction separator’ = rename it
-connect the system with the
separator

Select Tyupe

Production Separatar

W ater [njection Manifold
Gaz Injection Manifald
Steam Injection kanifold
Qil Injection kanifald
LMNG Frocess Plant

kK Cancel




GAP: Joint (Xtree, Manifold, etc)

i oo
‘Snowh te 37

LAl

-add joint icon

-Rename the joint label
-pipeline is modelled between 2
joints



GAP: Adding more wells

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

Snowhite




GAP: Adding more wells

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

Snowhite




GAP: Joint (Xtree, Manifold, etc)

-connect the joints
-connect wells and separator to
the joints

o




G GAP: Pipeline: Summary tab

N rI‘N LI Pipe - Summary Screen

Label Name Mazk
| [ Included in system Z‘

-double click in the selected pipeline

Commenits
-open 'summary’ tab = select PVT
.~ correlations
pe Type
nternal Correlations b t .

o s o -leave the other things as defaults
Il Conelstion Gravity Coeff  Friction Coeff  0il Ph. R, Bo conelation
|| [Hydio2P = [ [1 [ <System detau> -]

™ Ermulsion 0il Viscosity comelation

T — AT [<System detats =]

Slug Method }—I Gas Viscosity conelation

; <Sypstem defaulls - r:ghwem dedault: -
| [ Transient

I~ Data Summary [chick item to activate]

| Emvionment DN Schedie NGHEM |
Pos Dats [T5ama |
Maich Dats NSRRI |

s |




G GAP: Pipeline: Input tab

NTNU _
Environment Parameters
r -open ‘input’ tab = open
{ . ?
Time Since Production Started 100 environtment’ su b_ta b
-input ambient temperature (= 4 degC)
Surrounding Temperature |4 deq C —input U (= 5 W/m2/K)

Overall Heat Transfer Coefficient |5 W2

il Heat Capacity |2.213004 kK. radk.
Gaz Heat Capacity |2.135268 k. Kalk
W ater Heat Capacity |4.1863 kK. radk.

[ Enter Burial Data...




GAP: Pipeline: Input tab

-open ‘input’ tab = open

Llnlet TVD outlet ‘description’ sub-tab
| o~ 4 [ o A . -input pipeline properties: length:
Dok 5000 m for flowline
: N e 1 - —! i . .
§L e = 158600 m for pipeline
: ] 1 ID:
: ] % 0.355 for flowline
0 ] 0.68 m for pipeline
13 | Chooze |
i e - , roughness (=0.015 mm)
16 [ [ Wpstieam] |
y o] -done
o e} -repeat for the other pipelines
_Copy | Poste | Al | Inveit| Cul | inet | Delete | Total length 158600 m
Erier slovations a5 [Node TVDs  ~] Flow Type | Tubing Flow =
Transiert Pipe Slep £ Calculate Heat Transfes Cosfficient [~ in I et
Fate Multipiier fi Conelation |Hydro-2P v
Maamum Length Step 2018 m Gravity Coeflicient [1
Friction Coefficient [1




0 GAP: Separator

NTNU Setting up constraint

separator Meltoya'- Input Scren -double click on the separator icon

-open ‘input’ tab = open

Constraint Walue | Binding | Potential Urat ICO nstra in ts ) ta b
M asimum water rate {C Mo Sm3/day .
Masimum gas ate 20000 [ves INo  1000Smd/d -input the gas plateau rate
Mawimum lquid rate eg Ho Sm3/day
Mawimum oil rate eg Ho Sm3/day
Minimum gas injection rate No Ho 10005m3/d
Mawimum COZ eg Ho percent
Mawimum H25 eg Ho percent
M awirrm M2 Tes Mo PErCERt
Mawimum ail specific gravity Tes Mo Fg/m3
Marimum qross heating valug Tes Mo bt
Marimum specific grass heating value Tes Mo kJfamd
Mawimum T emperature Tes Mo degC
Unsecheduled praduction deferment PErCERt




GAP: All System

Circle = variable

arrow = constraint

SEP —> Melkoya
— — [ é




Outline

« GAP: Solve Production Network




@ GAP: Solve Network

NTNU

Model Validation  Solve Metwork  Transient -open ‘solve network’ to solve the
E| A|f’ }”i|i| 7 |E|EJ| p|ﬂ||1|{i production network att =0
-run network solver
—input separator pressure

Separator / Injection Manifold pressures - Production Systern

kelkopa

Fressure1 |30
Fressure 2
Fregzure 3
Freszure 4
Fregzure b
Freszure B
Fregsure 7
Fregzure 8
Fregzure 9
Pregzure 10




GAP: Solve Network

NTNU : i
[ Network Solver -since we have a constraint to be
VaableWel W23 tate ieducton velue 0217707 satisfy, choose ‘optimise with all

Wanable Well "W2-1' rate reduction value 0. 217707 . )
Vatiable Wel W3-’ ate teduction value 0.217707 constraints’ mode
Wanable Wel “1-2 rate reduction value 0.217719

Variable Well \W3-2' rate reduction value 0.217708

Variable Well W2-2' rate reduction value 0.217708 -Ca | Cu | ate
ariable Well 'w3-3' rate reduction value 0.217718

anable Well 'W1-3' rate reduction value 0.217707

Variable Well "W2-3' rate reduction value 0.217707

Variable Well "/1-1' rate reduction value 0217744

Vanable Wel "W2-1' rate reduction value 0. 217707

Vanable Well ‘W 3-1' rate reduction value 0.217707

Variable Wel "W1-2' rate reduction value 0217713

ariable Wel "W 3-2' rate reduction value 0217708

Yanable ‘Well "W2-2 rate reduction value 0.217708

Vanable ‘Well ‘W 3-3' rate reduction value 0.217718

Variable Well “W1-3' rate reduction value 0.217707

Yariable Well “W2-3' rate reduction value 0.217707

Solver solution reached in 1 iterations

Optimises finished Code 0

Max. Pressure Drop Difference 0000438455 bar

Max. Mass Balance Difference 0.0138126 tonne/day

Time taken : 0.969 secs

CPU time : 0,906 secs

Stat of Calculation : 00:44:12 : 06 February 2020

End of Calculation : 00:44:13 : 06 Februaty 2020

Constraints Script | Messages

Sohver Dptimiser Optimiser progress

Last Enor W Last Guess #

hewaton# [ 1| Meston#t| 5.1 Ep e
Mode
" No Optimisation " Rule Based ' Optimize with all constraints " Optimise with potential constraints only

[~ Run Prediction Script [ Calculate Potential [ Parallelised




GAP: Solve Network

Prediction Results Reports | -to see the results, open ‘results’ tab
ble| e |u @& - ‘summary’ 2 ‘all items’

NTNU

ESDIver Summary Results o

[0 ]_ru | ot | s |

Report tem [0i Rate ] smavdey
Total
Separatar Melkopa' pressure | 30 BARa
O produced 0 Sm3/day
Gas produced 15393 258 1000Sm3/d
‘Water produced | 0 Sm3/day
Liqued produced 0 Sm3/day
Gross Healing Value 87094377 M
Specilic Gross Heating Vahue! 37437.249 ki/sm3
By ltem
Joint - Plem 0.0 Sma/day
Jord - Sep 0.0 Sm3/day
Joint - Temg1 0.0 Sm/day
Joint - Temp2 0.0 [ Sm/day
Joiri - Temp3 0.0 Sma/day
Pipe - Plem to Sep 0.0 Sm/day
Pipe - Temp! to Plem 0.0 [ Sm/day
Pipe - Temp2 to Plem 0.0 Sm3/day
Pipe - Temp3 to Plem 0.0 Sm/day
Separator - Melkopa 0.0 | Sm3/day
Tank - Snowhite: 0.0 Sm3/day
‘el -W1-1,00 Sm3/day
Wel -\W1-2/00 | Sm3/day
wel-W1-3 0.0 Sm3/day
‘el - W21, 0.0 Sm3/day
Wel - W2-2/00 | Sm3/day
wel-W2-3 00 Sm3/day
‘el - 31,00 Sm3/day
Wel - W3-2/00 | Sm3/day
Wel- w3300 | L l | ] I | £ I Smi/dsy




@ GAP: Prediction

NTNU

ve Metwork  Transient  Prediction Results Repo -to generate the production profile, go

alllrl=nalolulalal @l °Predidion 3 fun predictio

-set prediction timespan & timestep size
(in this exercise, you can use dt = 1 year)

Gas Voidage | Woidage
MBAL Target ‘wiater G
e Mingel | Start of production End of history e |;|[:.Znun replacement | eplacement| S5 -

Snowhite_reservoir |OK 10.02.2020 Mo history

Start Date [10.02.2020 dmy  EndDate |[INEREER dmy Step Size [1 Month(z] =
Restart Date |01.01.7900 End Date |05.02.2021 Step Size |1 Manth(s]

Mext Back | Main | Help | Wells.. | |




@ GAP: Prediction

NTNU

-input separator pressure

-since we have a constraint to be
satisfy, choose ‘optimise with all
constraints’ mode

-calculate

Log Ewents | Constraints | Lirniting | Script | Meszages |

Solver O ptiriser Prediction Optimiser progress

Last Error Last Guess Current Step
Iteration # Iteration # Step #

Mode

" Mo Optimization " Rule Based &+ Optimise with all constraints " Optirize with potential constraints only

™ Calculate Patential ™ Parallelized

Calculate Back [LE Help Setlings




GAP: Prediction

NTNU

-to see the results, open ‘prediction’ >
‘plot nodes prediction results’ = select
all equipment types = plot
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TPG 4230 Spring 2022 — Prof. Milan Stanko, Assistant Leonardo Sales

IPM exercise

1. Snghvit subsea gas well modeling in Prosper

Fluid information:

Use the black oil model for your PVT behavior.

WGR = 0 Sm*/Sm?

CGR =0 Sm3/Sm3

Condensate density = 751 Kg/m?
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

roughness =
0.015 mm

MA
S
/

VvV

Flow in tubing, tubing diameter 0.15 m
Overall wellbore heat transfer coefficient = 45 W/m? 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



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

Tasks:

e Create a Prosper model of a Snghvit subsea gas well.
e Estimate the producing rate using flow equilibrium assuming that the well is producing
against a constant wellhead pressure of 100 bara
0 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.

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



TPG 4230 Spring 2022 — Prof. Milan Stanko, Assistant Leonardo Sales

IPM exercise

2. Creating MBAL file of the Snghvit reservoir

Fluid information:

Use the black oil model to represent your PVT behavior.
Gas gravity = 0.55

Condensate gravity = 751 Kg/m?

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

FEREN I orey Funclions

Water Sweep EIf. percent
Hysteresis |No -

Residual End Point | Exponent
Saturation

fraction fraction

K (025 [o3 [e5 | Nomalise End Paints

kg |01 [ [15

Tasks:

e Set up a MBAL model of the Snghvit dry gas reservoir.



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

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

The layout of the production network layout is shown below.

Flowline (5 km)

Template \ /

Cluster/

—_— Pipeline (158 km)
PLEM SEP

@ Empty slot
® Well
P4 Choke

All wells are identical

Pipeline and flowline heat transfer coefficient: 5 W/m? 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 Snghvit subsea wells producing to the LNG plan in Melkgya.

C Y v el
2. Run a network simulation ( Solve Network ) 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 profiles! 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 E0O6 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
(gtemplate*100/gfield)
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Flow assurance analysis of the Snehvit pipeline using Hysys

Snehvit 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 Sm?/d and Equinor plans
to maintain it until year 2032.
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According to the base case Scenario (BCS) selected for the study, the field is completed
subsea with three subsea templates, each with 3 wells.

Cluster/ \ /
Template

—_— Pipeline (158 km)
PLEM SEP

@ Empty slot
@ Well
<] Choke
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:



Prof. Milan Stanko - page 2 of 6 20220422

e Tabulate and plot pressure, temperature and liquid holdup along the pipeline. Compute
the total amount of liquid in the pipeline.

e 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:

0 Cricondenbar and Cricondentherm points

0 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)

0 Will hydrates form in the pipeline?

Solving suggestions

e 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.

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

e 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.

e Use increments of 1 km for your calculations.

Available information

e 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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Time =12 hours
Main pipeline (P141)
\ T 50

« MEG/water | o
» Condensate |

70 _ : _ [H-100

60| : ~ ; 1150 _
= E
= c
B Sof b b L 4-200 £
T =
2 : . : 3

40- : ~ ; 250 ¥

30 ' . i -|-300
200 '”,1! ”m'\ S S S B 1350
10 “m i |00
% 20 40 ﬁ 80 100 120 a0 0
Horizontal length [km]
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/m®
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=3h61 K 3yq0
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Solution (worked out in class):
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Temperature-Pipe Length
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PENSUM:

e Field development workflow.
Lifecycle of a hydrocarbon field
Overview — The field development process
Production modes
Discounting
Relationship between plateau height and length
Rule of thumb between plateau height and TRR
Bottlenecking and processing capacity (separation capacity)
Onshore vs offshore
0 QOilvsgas
e Excel VBA, functions and routines.
e Field production performance
Estimation of production profiles
Dry gas production system: material balance, IPR, TPR, FPR, choke, flow equilibrium.
Dry gas production system: production scheduling
Measures to prolong the plateau.
Production potential
Boosting
0 Dry gas networks.

O OO0 O0OO0OO0OOoOOo

O O O O O O

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

O Probabilistic reserve estimation

= Monte Carlo

0 Decision and probability tree analysis
e Presentation by Inflow Control
e Offshore structures

0 Overview

0 Layout of production systems

0 Marine loads on offshore structures
e Presentation and group work for Exercise set 1
e Flow assurance considerations

0 General overview

0 Inhibitor subsea system. Disposal.

0 Simulation of pipeline using commercial software (Hysys)
e Field production performance using commercial software (GAP and PROSPER)
e Presentation by Prof. Bahman Tohidi (HW) on Cold Flow

Home exercises
Class exercises
Quizzes

Lecture material :

e Live lectures
e Youtube videos
e Reading material



e 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:

1 Quiz codes

Upload the Excel file containing all your quiz codes

03

Upload your file here. Maximum one file.
All file types are allowed. Maximum file size is 50 GB

= Select file fo upload

Check answer

For Exercise set 1, the question looks like this:

2 Exercise set 1

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.

4

Upload your file here. Maximum one file.

All file types are allowed. Maximum file size is 50 GB

= Select file to upload

Check answer

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

| 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

| 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. | 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, | 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:

e Question text (indicating the number of points that the problem is worth)

e Data

e 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.



e Along answer field, to provide a brief explanation about how you solved the problem
e Alink to upload the Excel file containing your solution (if any)
o Alink 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:

e https://innsida.ntnu.no/wiki/-/wiki/English/Digital+home+exam+-+for+students
e https://innsida.ntnu.no/wiki/-/wiki/English/Home%20Exam%20with%20hand%20drawings
e 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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