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13.01.2020

THE FIELD DEVELOPMENT PROCESS

Prof. Milan Stanko (NTNU)
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Project execution

IDENTIFICATION OF BUSINESS CASE

The main goal of this stage is to prove economic
potential of the discovery and quantify and reduce the
uncertainty in the estimation of reserves.
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IDENTIFICATION OF BUSINESS CASE - TASKS

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.

IDENTIFICATION OF BUSINESS CASE - TASKS

Well1

source of shock waves (air gun) hydrophones

Ref: https://krisenergy.com/company/about-oil-and-gas/exploration/




13.01.2020

TPG4230 - Field development and operations Page 8 Prof. Milan Stanko (NTNU)

IDENTIFICATION OF BUSINESS CASE - TASKS

e Apply and obtain exclusive
production license (6 years,
possible to extend for 30 years).
In the NCS: Licensing rounds
(frontier areas) or Awards in
predefined areas (APA). The
current fees are 34 000
NOK/km? for the first year, 68
000 NOK/km? for the second
year and 137 000 NOK/km? per
year thereafter.

Ca 500 km?
a m*

Ref: NPD

IDENTIFICATION OF BUSINESS CASE - TASKS

Gy e

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

CoreAll AS

logs, productivity test). e cton ra
PDC Cutters 1
Thrust bearing
. Outer barrel ¥ jif-— [
e Discovery! 53 ¥ iR ==
§ coring bit
Core rintainirlg ., I
] [

Core bit =
3 . W <nec20)l Ref: Hydrocarbon exploration and production, Jahn et al.
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IDENTIFICATION OF BUSINESS CASE - TASKS

e Exploration. Perform geological .' -.
studies, geophysical  surveys, | sonce
seismic, exploration drilling (Well oo 2 "
cores, wall cores, cuttings
samples, fluid samples, wireline . T
logs, productivity test). HRH == B

e Discovery! S ===

Ref: Hydrocarbon exploration and production, Jahn et al.

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
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13.01.2020

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.

GHP (bed)
a0 P50 | Pi0 | Pmean

1 - Ref: PDO Karish and Taning.
ﬂ Energean

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.

0 Perform simplified economic valuation of the resources.

O Field appraisal to reduce uncertainty: more exploration wells and
seismic to determine for example: fault communication, reservoir
extent, aquifer behavior, location of water oil contact or gas oil
contact.
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13.01.2020

IDENTIFICATION OF BUSINESS CASE - TASKS

O Appraisal

Ref: https://www.youtube.com/watch?v=-e9jinsquGl

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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Project execution

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

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

Field 1

Field 2

==
&

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)

10
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Project execution

CONCEPT PLANNING - TASKS

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

* Evaluate and compare alternatives for development and

screen out non-viable options.

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

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

11
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13.01.2020

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.

Discovery DGO DG1 DG2 DG3

1 l |

Pre- Exploration Feasibility Concept Pre
exploration and appraisal studies planning engineering
L

J J
I |
Identification of Project planning
business case

Statement of
Commerciality DG4
(SOC)

Abandonment
Det‘:-.uled' Construction Testing and Operations nd
Engineering start-up decommissioning
( Y J

Project execution

PDO

12
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PRE-ENGINEERING - TASKS

OBIJECTIVE: Further mature, define and document the
development solution based on the selected concept.

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

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

* Plan and prepare the execution phase.

PRE-ENGINEERING - TASKS

* Prepare for submission of the application to
the authorities.
* Perform the Environmental impact
assessment.
* Establish the basis for awarding contracts.
* Issue:
* Plan for development and operations
* Plan for installation and operations of HEBRON PROJECT
facilities for transport and utilization of Development Plan
petroleum (PIO)
* Impact assessment report

Hebron

September 2011

13
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PRE-ENGINEERING - TASKS

Ref: PDO Ivar Aasen. Det Norske

F \-u:n.__
o | PR
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PRE-ENGINEERING - TASKS

Ref: PDO Ivar Aasen. Det Norske

Figur 18. Svaert viktige (red), viktige {oransje) og noksa viktige (gule) leveomrader for sjgfugl langs kysten av
Nordsjoen i hekketiden. Kartet markerer buffersoner rundt de viktige hekkelokalitetene (NINA)

14



TPG4230 - Field development and operations Page 18 Prof. Milan Stanko (NTNU)

13.01.2020

PRE-ENGINEERING - TASKS

Ref: PDO Ivar Aasen. Det Norske

Figur 23. Registrert norsk fiskeriaktivitet med bunntrdl i omrédet omkring Aasen i 2009 (grenn), 2010 (fiolett) og
2011 sje). Figur utarbeidet pé g g av data fra Fiskeridir M ing av sterre fiskefartoy

PRE-ENGINEERING - TASKS

T o I /,
alke = 122
~ k E » 15 2

of

Figur 24. Trafikkompleksitet i Nordsjgen (venstre) og skipsleder for handels- og offshorefartgy innenfor en radius pa
10 nautiske milfra Aasen (h'm) Ref: PDO Ivar Aasen. Det Norske

15
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13.01.2020

PRE-ENGINEERING - TASKS

200000
Drift og prosessering (utslipp pa Edvard Grieg)
W Dieselgeneratorer
Fakling
. 150000
S . .
_.S Br@nnintervensjon
§ Marine operasjoner
: W Supplyfartgy/helikopter
2 100000 -
g m Standbyfartgy
8 HBoring
o
50 000

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Figur 25. Samlede utslipp av CO, fra Aasenfeltet i perioden 2015 — 2028

Ref: PDO Ivar Aasen. Det Norske

PRE-ENGINEERING - TASKS

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

Hanz

Seksjon  Borevaeske Boret lengde (m) Mengde borekaks (tonn)

Aasen West Hanz Aasen West Hanz
Cable Cable

36" WBM 88 88 86 70 70 70

26" WBM 370 370 400 150 150 160

174" OBM 1550 1020 990 310 205 200

12 %" OBM 860 3 890 1700 90 390 170

8% OBM 1390 1530 90 70 80 5

SUM (avrundet) 4300 6900 3300 690 895 605

SUM WBM kaks 220 220 230

SUM OBM kaks 470 675 375

Ref: PDO Ivar Aasen. Det Norske

16
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PRE-ENGINEERING - TASKS
i 1 H
: THICKNESS OF SEDIMENT CONTAVINANT
5 [ secment ioness sonaine 21 TSTESES521NZ 1TSS ESE'SH0IN
_ ; —
|
i {4
§
| i 005 o1 015 02 0x 03 03X 04 045 os
o e rm o ma S [t ot
Figur 29. Sedimentering ved utslipp av vannbasert kaks ved havbunnen (sommersituasjon)
Ref: PDO Ivar Aasen. Det Norske

PRE-ENGINEERING - TASKS

£ e
Figur 37. Sannsynligheten for treff av ulike mengdekategorier av ofje i 10 x 10 km ruter gitt en sipbunnsutbidsning
fra deres

er basert pd alle og varigheter og
Ref: PDO Ivar Aasen. Det Norske sannsynligheter. Merk at det markerte omrddet ikke viser omfanget av et enkelt oljeutslipp, men er det omridet
som berares i mer enn § % 2011).

17
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PRE-ENGINEERING - TASKS

* Wait for the government to study
the proposal

Discovery DGO DG1 DG2 DG3

1 l l

v
Pre- Exploration Feasibility Concept Pre
exploration and appraisal studies planning engineering

| L

r | 1 |
Identification of Statement of Project planning

business case Commerciality DG4
(SOC)

PDO

Abandonment
Detfauled ) Conttiuction Testing and Operations nd
Engineering start-up decommissioning
)

Project execution

18
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13.01.2020

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.

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

19
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https://www.youtube.com/watch?v=TiWOgTq0YD4

DETAILED ENGINEERING, CONSTRUCTION,
TESTING AND STARTUP

e Constructing wells.
* Perform hand over to asset, operations
* Prepare for start-up, operation and maintenance

20



13.01.2020

TPG4230 - Field development and operations Page 24 Prof. Milan Stanko (NTNU)
Discovery DGO DG1 DG2 DG3
\
Pre- Exploration Feasibility Concept Pre
exploration and appraisal studies planning engineering

|

——

1 | r

Identification of Statement of Project planning

business case Commerciality DG4 PDO
(soc) 1
. Abandonment
Detfnled. Construction Testing and Operations nd
Engineering start-up decommissioning

Project execution

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.

21
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Engineering start-up decommissioning

Project execution

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)

e Cut and remove well conductor and casing.

* Remove topside equipment.

22
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DECOMISSIONING AND ABANDONMENT

* Removal of the offshore structure: Lifting operations
and transport

* Remove or bury subsea pipelines

* Mark and register leftover installations on marine maps

* Monitoring

* Recovery of material: Scrap (steel) and recycling
equipment (Gas turbines, separators, heat exchangers,
pumps, processing equipment)

* Disposal of residues

DECOMISSIONING AND ABANDONMENT

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

23
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DECOMISSIONING AND ABANDONMENT

https://www.youtube.com/watch?v=1GA3Elu81lrw

24
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Alternatively, there can be onshore fields whose development resembles those in
the offshore environment. One such field in the (aptly named) Empty Quarter of
the Yemen was so remote that, by the time an oil production pipeline had been laid,
all the appraisal and development wells had been drilled permitting only a static
view of the reservoirs.
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Class quiz

Hide answers

Q1:What does SOC stands for?

o Statement of Commitment
This is a wrong answer

o Statement of Commerciality
This is a correct answer

« Statement of Conflict
This is a wrong answer

« Statement of Contribution

This is a wrong answer

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

e« 3

This is a wrong answer
e« 5

This is a correct answer
e 4

This is a wrong answer
e 6

This is a wrong answer

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

This is a wrong answer
e Phase-gate

This is a correct answer
o Waterfall

This is a correct answer
o Stage-gate

This is a correct answer

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

e Scouting, pre-exploration, prospect identification , Seismic
This is a correct answer

e Prepare the PDO
This is a wrong answer

¢ Create a reservoir model
This is a wrong answer

o Discovery assessment, appraisal, reserve estimation

This is a correct answer

Q5:What subphases are in the project planning?

o Feasibility studies, concept planning, detailed engineering

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

o Business case identification, Feasibility studies, pre-eng
This is a wrong answer

o Feasibility studies, concept planning, tech. requirements

This is a wrong answer

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

e True
This is a correct answer
¢ False

This is a wrong answer

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

o Exploration, appraisal, planning
This is a correct answer

e Construction and execution
This is a correct answer

e Production and operations
This is a correct answer

e Abandonment and decommisioning

This is a correct answer

Q8:PDO stands for
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o Plan for Design and Operations
This is a wrong answer

o Plan for Development and Optimization
This is a wrong answer

e Plan for Development and Operations
This is a correct answer

e Plan for Utbygging og Drift

This is a correct answer

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

Appraisal

This is a wrong answer

e Project execution
This is a correct answer

o ldentification of Business case
This is a wrong answer

e Operations

This is a wrong answer

Q10:What does FEED stand for?

e First End Engineering Design

This is a wrong answer

o Field End Engineering design
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This is a wrong answer

e Front End Established Design
This is a wrong answer

e Front End Engineering Design

This is a correct answer

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

Remove and bury subsea pipelines
This is a wrong answer
« well plugging and abandonment
This is a wrong answer
o debottlenecking
This is a correct answer
o recovery of material and recycling of equipment

This is a wrong answer

Q12:which of the following statements is false?

Field production mode A is always followed by mode B

This is a wrong answer

e Afield could be produced using mode b and then mode a
This is a wrong answer

o production mode B is typically used for standalone projects

This is a correct answer

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

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

o Probabilistic reserve estimation
This is a correct answer

o simplified economic valuation of reserves
This is a correct answer

e appraisal
This is a correct answer

e Apply and obtain a production license

This is a correct answer

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

e 10% of the TRR

This is a correct answer
o« 3% ofthe TRR

This is a wrong answer
e 5% ofthe TRR

This is a wrong answer
e 0.1% of the TRR

This is a wrong answer

Q15:When is the reservoir pressure maintenance strategy planned in an offshore
development?
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« from the begginning
This is a correct answer
o after some years producing the field

This is a wrong answer

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

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

o true
This is a correct answer
« false

This is a wrong answer
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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!: 2 present an
|

accurate representation of the Standing-Katz chart using a Carna-

han-Starling hard-sphere EOS,

L= pfVy oo (342) {qm&u« approxi T R SR L

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

'tb Qmo’(‘t* TCJPO we “LL e

. B .\r+.v2+.v3—.v4
f(y)=0=-apy+ (1-y) §ulton corre \aben)
— (1476t = 9.76" + 4.58¢ ) Sutton’ suggests the following correlations for hydrocarbon gas
' mixtures.
+ (90.70-242.20F + 4 AP (343) - ,
Type = 1692 4+ 3495y 5 — 140y5c oo oo oo et (3.47a)
df(y) 1+ dy +4y* = 4y + 3t ) X
hd_ = T and puc = 7568 = 13y e = 36740 o ovvoev vt (3.47h)
— (29.52t = 19.52+ 9.16r)y
_ Mugay
+ (218 + 2.820(90.7 — 242.2% + 42.47) XE) = =1
T’\"’ch‘r (z?'o\ }>
% \,1.18+2.821‘ “““““““““““““ (344)
The derivative 9Z/0p used in the definition of ¢, is given by HQJ:)&_\ = _Z ETA
)
0 apy \’2
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o 2
\fero)dmc\flon ﬂ 1S r&\fb’v\‘i’ éehpee/\ o= L
J fld
fa
G=IGIP 270E+09 Sm3
Annual production rate 0,027 fraction of 1GIP
Production days per year 365 day 1. Identical wells
T 92 oC i.esame PRCR, n, Ct, S
P4, initial Res pressure 276 bara 2. System is symmetric
C. inflow Back pressure coefficient 1000 Sm3/bar*2n 3. Field Rate = 20 MMSCM
n, backpressure, exponent 1 gwell = gg/no.of.wells
|Ct= Tubing coefficient (2100 _\ﬂ}xU.lil 4‘03E+D4.Sm3/bar PR=ZR* P/Zi * (1-Gp/G)
Elevation coeff, S 0.155 Pwf = sqrt(Pr2-qg/C) as n=1
Cr Flostine  Template-PLEM (5000x0. 2.83E405 Sm3/bar Pwh =sgrt((pwfr2/e%s)-((qg/Ct)*2))
Cop pigetine  PLEM-Shore (138600x0.6 2.75E+05 Sm3/bar Psep
Separator (shig catcher) pressure 30 bara Pplem
Gas molecular weight (Methane) 16 kg/kmole Ptempl
Gas specific gravity (.55 Gas specific gravity
Gas density at Sc 0.67 kg/mA3
Number of templates 3
Number of wells 9
Desired plateau 20 years
gfield 20.0E+6 [SmA3/d)
Field gas rate for abandonment 5.00E+06 [SmA3/d] for each well
time qfield Gp z PR qwell  Pwf Pwh avail Ptemp req Pplem req Psep  qtemp  DeltaPchoke
[years] [sm3/d]  [SmA3] [ [bara] [sSmA3/d] [bara] [bara]  [bara] [bara] [bara]  [SmA3/d] [bar]
0 20.0E+6 O000.0EHD 0967291 276.0E40  2.2E+0 272.0 245.6 §2.0 13.6 300 6.7E+6 164
1 20.0E+6 7.29E+09 0.962615 269 2.2E+6 264.4 2384 82.0 73.6 300 6.7E+6 156
2 20.0E+6 1.46E+10 0.957442 260 2.2E+6 255.5 230.0 82.0 78.6 300  6.7E+6 143
3 20.0E+6 2.19E+10 0.952572 251 2.2E+6 246.6 215 §2.0 73.6 300 6.7E+6 139
4 20.0E+6 2.92E+10 0.948138 242 2.2E+6 237.8 213.1 82.0 78.6 300  6.7E+6 131
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time gfield Gp z PR qwell Pwf Pwh avail Ptemp req Pplem req Psep qtemp  DeltaPchoke
[years] [sSm~3fd] [Sm~3] -1 [bara] [sm~3/d] [bara] [bara] [bara] [bara] [bara] [sm~3/d] [bar]
1] 20.0E+6  000.0E+0 0.967291 276.0E+0 2.2E+6 272.0 245.6 82.0 78.6 30.0 6.7E+0 164
1 20,0E+6  7.29E+09 0.962615 269 2.2E+6 264.4 238.4 82.0 78.6 30.0 6.7E+6 156
2 20.0E+6  1.46E+10 0.957442 260 2.2E+6 255.5 230.0 82.0 78.6 30.0 6.7E+0 148
3 20.0E+6  2.19E+10 0.952572 251 2.2E+6 246.6 221.5 82.0 78.6 30.0 6.7E+0 139
4 20.0E+6  2.92E+10 0.948138 242 2.2E+6 237.8 213.1 82.0 78.6 30.0 6.7E+0 131
5 20.0E+6  3.65E+10 0.944151 234 2.2E+6 229.2 204.9 82.0 78.6 30.0 6.7E+0 123
6 20,0E+6  4.37E+10  0.5406 226 2.2E+6 220.8 196.8 82.0 78.6 30.0 6.7E+6 115
7 20.0E+6  5.10E+10 0.937473 218 2.2E+6 212.5 188.8 82.0 78.6 30.0 6.7E+0 107
) 20.0E+6  5.83E+10 0.934759 210 2.2E+6 204.4 180.9 82.0 78.6 30.0 6.7E+0 99
9 20.0E+6  6.56E+10 0.932447 202 2.2E+6 196.3 173.1 82.0 78.6 30.0 6.7E+0 91
10 20.0E+6  7.29E+10 0.930524 194 2.2E+6 188.4 165.4 82.0 78.6 30.0 6.7E+0 83
11 20.0E+6  8.02E+10 0.928981 187 2.2E+6 180.6 157.8 82.0 78.6 30.0 6.7E+6 76
12 20.0E+6  8.75E+10 0.927809 179 2.2E+6 172.9 150.2 82.0 78.6 30.0 6.7E+0 68
13 20.0E+6  9.4BE+10 0.926997 172 2.2E+6 165.2 142.6 82.0 78.6 30.0 6.7E+0 61
14 20.0E+6  1.02E+11 0.926538 165 2.2E+6 157.6 135.1 82.0 78.6 30.0 6.7E+0 53
15 20.0E+6  1.09E+11 0.926422 157 2.2E+6 150.1 127.5 82.0 78.6 30.0 6.7E+0 45
16 20.0E+6  1.17E+11 0.926642 150 2.2E+6 142.6 115.9 82.0 78.6 30.0 6.7E+6 38
17 20.0E+6  1.24E+11 0.927191 143 2.2E+6 135.1 112.2 82.0 78.6 30.0 6.7E+0 30
18 20.0E+6 1.31E+11 0.928061 136 2.2E+6 127.6 104.4 82.0 78.6 30.0 6.7E+0 22
19 20.0E+6  1.39E+11 0.929247 129 2.2E+6 120.0 96.5 82.0 78.6 30.0 6.7E+0 14
20 20.0E+6  1.46E+11 0.930741 122 2.2E+6 112.5 88.3 82.0 78.6 30.0 6.7E+0 6
21 19.6E+6 1.53E+11 0.93254 115 2.2E+6 105.1 80.8 80.8 774 30.0 6.5E+6 0
22 18.2E+6 1.60E+11 0.934597 108 2.0E+6 98.3 73.9 75.9 72.8 30.0 6.1E+6 1]
23 16.9e+6 1.67E+11 0.936756 102 1.9E+6 92.1 71.3 713 68.5 30.0 5.6E+0 1]
24 15.7E+6  1.73E+11 0.938977 96 1.7E+6 86.4 67.1 67.1 64.5 30.0 5.2E+6 1]
25 14.6E+6 1.79E+11 0.941221 S0 1.6E+6 81.0 63.3 63.3 60.9 30.0 4. 9E+6 1]
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time qfield Gp RF Z PR quell  Pwf Pwh avail Ptempreq Pplem req Psep  qtemp DeltaPchoke ptemp/pwh
[years] [smA3jd]  [SmA3] 8] [1 [bara] [smA3/d] [bara]  [bara]  [bara] [bara] [bara]  [SmA3/d] [bar] [1
0 20.0E+6  000.0E+H) 0.000 0.967291 276.0E+0  2.2B+6 2720 245.6 82.0 8.6 300 6.7E6 164 0.33
1 200E+6 7.29E+09 0.027 0.962615 269  2.2E46 2644 2384 820 78.6 300 6.7EH 156 0.34] C"\D‘Vt oM U {"&\L ‘;any
2 20.0E+6  146E+10 0.054 0.957442 260  22E46 2555 230.0 82.0 8.6 300 6.7E6 148 0.36 . "(b- L
3 20.0E+6 2.19E+10 0.081 0.952572 251 22E46 246.6 215 820 78.6 300 6.7EH 139 0.37] ae n_C Ce "f&w
4 20.0E+6 2926410 0.108 0.948138 242 2246 2378 2131 82.0 8.6 300 6.7E6 131 0.38
5  20.0E+6 3.65E+10 0.135 0.944151 234 L6 129.2 2049 820 78.6 300 6.7EH 123 0.40)
6 20.0E+6  4.37E+10 0.162  0.9406 26 2284 2208 196.8 82.0 8.6 300 6.7E6 115 0.42
7 20.0E+6 5.10E+10 0.183 0.937473 218 22E46 2125 188.8 820 78.6 300 6.7EH 107 043
§  20.0E+6 5.83E+10 0.216 0.934759 210 22646 244 180.9 82.0 8.6 300 6.7E6 99 045
9  20.0E+6 6.36E+10 0.243 0.932447 202 22E46 196.3 1731 820 78.6 300 6.7EH 91 047,
10 200E+6  7.29E+10 0.270 0.930524 194 22646 1884 165.4 82.0 8.6 300 6.7E6 83 0.50
11 20.0E+6 8.02E+10 0.297 0.928981 187 2.2E46 180.6 157.8 820 78.6 30.0  6.7E+ 76 0.52]
12 20.0E+6  B.75E+10 0.324 0.927809 179 22846 1729 150.2 82.0 8.6 300 6.7E6 68 0.55
13 20.0E+6 9.48E+10 0.351 0.926997 172 22E46 165.2 1426 820 78.6 30.0  6.7E+ 61 0.57|
14 200E+6 LO02E+11 0.378 0.926538 165 22846 1576 1351 82.0 8.6 00 6.7E+6 53 0.61
15 20.0E+6 1.09E+11 0.405 0.926422 157 2.2E+6 150.1 1275 820 78.6 30.0  6.7E+ 45 0.54] S\Jl)c.h"hro,L
16 20.0E46 L17E+11 0.432 0.926642 150 22846 1426 119.9 82.0 8.6 00 6.7E+6 38 0.68
17 20.0E46 1.24E+11 0.459 0.927191 143 22E46 1351 112.2 820 78.6 30.0  6.7E+ 30 0.73
18 20.0E46 131E+11 0.486 0.928061 136 2284 1276 104.4 82.0 8.6 00 6.7E+6 2 0.79
19 20046 139E+11 0.513 0.929247 129  22E46 120.0 96.5 82.0 78.6 300 6.7E+6 14 0.85
20 20.0E+6 146E+11 0.540 0930741 122 22846 1125 833 82.0 8.6 00 6.7E+6 ] 0.93
21 19.6846 153E+11 0.567 0.93254 115 2.2E46 105.1 80.8 808 774 30.0  6.5E+ 0
22 182646 LGOE+1L 0.594 0.934597 108 2.0E46 98.3 759 75.9 .8 00 6.1+ 0
23 16.9E+6 L67E+11 0.618 0.936756 102 19E+6 92.1 713 7.3 68.5 30.0  5.6E+6 0
24 157646 LT3E#IL 0.641 0.938977 9%  LIE+ 86.4 67.1 67.1 64.5 00 5.2E+6 0
25 146846 L79E+11 0.662 0.941221 90  L.6E+6 810 63.3 63.3 60.9 300 4.9E+6 0
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L’l‘) roving—bothony nd s
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o on be saved M
“aredle, " or W each
sheet
E-55 Mcrosofi Exeel Objects
Chart] (Pressure_svalution)
i) Chart2 (Plat_18)
1) Chart3 (Plot Hp compressar)
W) Shest! [Data)
W) Sheet2 (Data Compresser)
1) Sheet3 (Feld Layout)
) Sheets (Equations st)
e oo
ThisWorkbook
Sul GoalSeekVBA()
shectname = "Data™
x = Worksheets (sheetname) .Cells (2, 2) .Value
E=x / Z
Worksheets (sheetname ) .Cell=s(2, 4) .Value = b

End Sub
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Code to run goal seek in several cells sequentially

Fub GoalSeekVBA()
sheetname = "Data”
% = Worksheets(sheetname).Cells(2, 2).Value
Dim sh As Worksheet
Set sh = ThisWorkbook.Sheets("Data"
Dim target As Long
target = 0%
For i = 45 To 49
OBJTAG = "0" & i
VARTAG = "C" & i
sh.Range (OBJTAG) .GoalSeek Goal:=target, ChangingCell:=Range (VARTAG)
Next
End Sub

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

L =G el

7 —

To run the macro, a button can be created (link it to a macro)..... or the VBA interface:
Snohvit Gas Field, TPG4230, Prof. Michael Golan, Prof. Milan Stanko & Fle [t Vew st Fomat Debug Fn Took Adtns Wndow Help
G-I ZUEAE G 4ET 3-d #oc(Via 58 @
Annval production rate 0027 haction ot IGIP R | [(Genera)
Production days pat vair 365 day 1 - 5| | B GoalseervEa)
m sheetname = "Data
H B : % = Worksheets (sheetname).Cells (2, 2).Value
TR 82 0[: 1€ %m:xﬁg:xﬁﬂ Dim sh As Worksheet
B, initial Res pressure 276 bara L 5153 Moot el Oects Sec s = Tnisforkbook, Sneeta("Data)
" - . -@Chartl (Pressure_ev Din LanEE.AE Long
C, inflow Back prassure cosffictent 1000 Sm3tbar'zn 3 ) chartz (Pot_5) fazget = 0F
- {) Chart3 (Plot Hp com For i =45To 48
1, backprassurs, exponent 1 o 08ITAG = 0" & 1
. _— VARTAG = "C" & i
C[.T'I.';b‘l.ﬂ'{:ﬂa:f‘lﬂﬂ'll HDBMDH[ 403E+04 Smal'bar PI sh.Range (0BJTAG) .Goal3esk Goal:=target, ChangingCell:=Range (VARTAG)
, AL0ng
Elevation cosff, 5 [Nidd Py o
[ Tzemelab BT FL (A0 T RIWFANE Sm ke 1] -] Thistiorkbook
(15 Modules
& Compressor
-4} Floequations
-l MEAL
& act
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35.0E+6 -
30.0E+6 -~
25.0E+6 -
T 20.0E+6 -
o
E
», 15.0E+6 o
i
g 10.0E+6 o
-
o
o S.0E+6
-
m
“
w— 000.0E+0 T T 1
& o 10 20 30
k3
E time, years [d]
—gfield
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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.

wellhead performance relationship - Well 1
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wellhead performance relationship - Well 2
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1. Snohvit subsea gas well modeling in Prosper

Fluid information:

Use the black oil model for your PVT behavior.

WGR =0 Sm”"3/Sm3

CGR =0Sm”"3/Sm*3

Condensate density = 751 Kg/m3
Gas gravity = 0.55

Formation Water salinity = 0 ppm
No H2S, CO2, N2.

Well layout:

Deviation survey

MD [m] | TVD [m]

0 0
2100 2100
Geothermal gradient
MD [m] | T[C]
0 4
2100 92

roughness =
0.015 mm

MA
S
/

VvV

Flow in tubing, tubing diameter 0.15 m
Overall wellbore heat transfer coefficient = 45 W/m#2 K
Reservoir info:

Producing from a single layer

Reservoir pressure = 276 bara

Reservoir temperature =92 C

Backpressure coefficient = 1000 Sm”3/d/bara
Backpressure exponent = 1
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Tasks:

e Set up a prosper model of a subsea oil well.

e Estimate the producing rate using flow equilibrium assuming that the well is producing
against a constant wellhead pressure of 100 bara

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

1. Creating MBAL file of Snohvit reservoir

Fluid information:

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

Condensate gravity = 751 Kg/m”3

At initial conditions no water.
Formation Water salinity = 0 ppm

No H2S, CO2, N2.

Temperature: 92 C

Initial pressure: 276 bara

Porosity: 0.15

Connate water saturation: 0.25
Original oil in place: 270 000 E6 Sm”3
Start of production: 10.02.2020
Water influx: No aquifer

Rel Perm: Corey Functions

GEREGNE (Corey Functions ‘water Sweep Eff. percent
Hysteresis [No -
Residual End Point | Exponent
Saturation
fraction haction
Ko (025 foa [25 | Nomal End Pointe

Krg |01 [ns |15 |

2. Modeling of a 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
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All wells are identical

Pipeline and flowline heat transfer coefficient: 5 W/m2 K
Pipeline ID: 0.680 m, roughness 1.5e-5 m

Flowline ID: 0.355 m, roughness 1.5e-5 m

Tasks:

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

Adding a rate constraint to the separator of 20E06 Sm3/d, and run an “optimization”.
e Runin prediction mode to find field rate with time.
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Introduction to PETEX
10 February 2020

Kunnskap for en bedre verden

Prepared by:

* Agung Gedde Angga
* Milan Stanko

* Salma Alkindira

Outline
+ Licensing

+ PROSPER
+ MBAL

*  GAP: Set up Production Network
*  GAP: Solve Production Network
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Outline

* Licensing

Licensing

Heensing Setup Wizard MF * -only 10 licenses are available

-please work in groups (9)

Pk programs require a licensing system b wn

The licensing system can either be a bitlock that is
plugged into your computer that only pou can use OR a
server on your netwark that shares licenses with other
Lsers on your netwark.

The license setup wizard is uzed ta help you configure
wour PC to use your chosen licensing system.

You wil be asked questions about your licensing
system and PC. The ‘Wizard will try to configure your
PC to uge the licensing system,

If pou wish ta stop the Wizard at any time, click
Cancel

I pou want to re-run the Wizard in the future, select
Start-Programs-Petraleum Experts IPM H-Utilties-Setup
Licensing wizard

‘ et > Cancel
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Licensing

Licensing Setup Wizard - Select the license type MF X

‘Which type of licensing system do you have? Select from
the following options and then click on the Mest button
below.

" | have a single user bitlock.

There is a network hardiack license server

< on the network ta which my PC is
connected | want to use a license om the
hardlock.

< Back Mext > Cancel

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

Licensing

Current list of hardiocks you PC iz configured to

Although pour PC is configured ta use the above hardlocks, you may still wish to use the options below
to configure you PC other hardlocks on your network.

You can click. Find hardlacks... ta search for hardlocks on pour network.

It may take up to 30 seconds for any hardiooks faund to appsa in the top panel

If no mew hardlocks have appeared in the top panel 30 seconds after clicking the " Find hardiocks™
button then the ‘Wizard has been unable to find any hardiocks. Check with your system administrator for
the details of the hardlock server and enter the details by clicking on the " 'Enter hardlock details™"

Llternatively if you knaw the hast name or P address of the hardlock you wish to use then

click on  Enter hardlock details. to enter these

If the hardiock has not appeared in the top panel 30 seconds after entering the hardiock details then
the Wizard has been unable to find the hardlock. Check with your spstem administrator that the
hardlock details are corect and that the hardlack is running,

< Back | Mext > Cancel

Licensing Setup Wizard - Hardlock Configuration MF x

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




TPG4230 - Field development and operations

Page 83

Prof. Milan Stanko (NTNU)
07.02.2020

B GAP
5 RVTP
5 ¢ MBAL
& ¢b REVEAL

&4 RESOLVE

<

W 09-dec-2019 -
W 09-dec-2019 -
v 09-dec-2019 -
v 09-dec-2019 -

v 09-dec-2019 -

Licensing

wersion 12,0 (10 icenses] <no checkout allowed> <Educational>
wersion 13.0 (10 licenses] <no checkout allowed> <Educational>
wersion 14.0 [10 licenses] <no checkout allowed: <Educational>
wersion 8.0 [10 licenses] <no checkout allawed: <Educational>

wersion 8.0 [10 licenses] <no checkout allawed: <Educational>

To vigw the licenses on all the hardlocks, click the Test button. Test

The panel abovs displays sl the licanses available on all the hardlocks that you PC s configured to uss
If no hardlacks appear in the abave panel, then it is possible that the hardlocks that your P is configured ta use, are na longer
runring. Please check with your systems admiristrator

Even if you ean view licenses in the above panel, remember that these licenses are shared by all the users on your network, Soitis
passible that when you tm to un an IPM program, allicanses will be in use by other users

< Back Finish Cancel

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

Outline

+ PROSPER
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e ar

Tk o4 L3104 0
Fas: +44 13 4P 701

ok
e st v pes o
e P vorwon |

Wbt (6,71 Bk 9008 - 114

 Progrim s (ot Lot P 1 igrasges e

Prosper (Well Model)

-open PROSPER

— -Save as

Tt vt 111 64 30
P a4 133 494 7031
Erai: i
e v s
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Calcadaton Troe
#reict [Pressure ona Temperaare (offshere) -
Medel [Roush Agprasmazen
#srge [Ful Spateom =l
S oxieleny

Bz Prepertes Comnetation [Gefult =

Wiell Compie ton
Type [Caned e =]
Sored Contred [Hone -

Iitow Type [Sngle tranch -

L

Pl Type. [Tudir Fiem -]
Wel Tyoe [Producer -
Avsfiasl Lft
Mo [rone -
L eifoamatcns
Company |

Dot [onsdag 5. februsr XX |

Prosper — System Summary

-use default setting
-Fluid: dry and wet gas
-Method: Black Oil
-change unit system to
Norwegian S.I.

W0 PVT - INPUT DATA (well_1.0ut)

[Cowe | [ ot | [rsencss] [ s | [ cgosie | [

o

|

Gas Vigeomity Correlation Los at 8l

Temperanre |

- B

T~ useTables | Tobies

Prosper — PVT Input Data

*

-input PVT data (gas gravity,

— e psep, condensate gravity)
[[nput. [N coposnen | veons | . [ .
e — purameer | e 2| 220500 [ wnrt -choose PVT correlation
15 Graaty 055 . graaty
ZFactor | L o Hesat
Separator Fressuore 30 BARa Gas P ; o Heset
Condersate Gas Rato 0
Gas Viscosity Comelasions
. ==
rped Ferrr Parameter || Parameter 3| D EEET | Reset Al
Leeetal |1 0 Hpat
Wiaker Salrity o Caretal |1 o Reset
Male PercentH2S § percent g
Malching
Hatch Daks | 7 Facior Mot | G vescosty Pt | Gas PV ot |
Moke Percent NI 0 percen

TFacior | Gas Viscosity
mPa.s)

Gas P

Fresmre
} {m3sm3)

(B

=

Other Datn

Options | Reevor Data | Water Vagou Data |
Optons

y [use Defast Corretaten

b Caicutations

Boeloueln s
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Prosper — PVT Input Data
-calculate PVT properties
-input Tres & Pres
B PVT - Automatic Calculation (... m] x
‘| oo | [ ol | [t | [ me ] ‘ e
[ Data Points ' — - - - - = -—— - - -—— — - -
 automatc Gas Vicosity R e N s s s s S -
[leeera - e A e~ S ==
Ol i E—n = = = = = —
Terperre precare e L~ S
@0 @Rz e m— — S— T — — — —— i —
Fron 50 30 = = = - = = = = = = = =
To 52 276 . = - - - = = - - =
No.Of Steps 10 10 . - - =5 . ) = =4 =55 = = =]

iz Prosper — IPR Data

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

1 eficm Podarmnce Rnliscnihe 0FF] lnpet tweh, | Out] o x

[ |

Draton P e aton S

14
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Prosper — IPR Data

-calculate & plot

=XKW 8= @ 28 4 =|E

o
[oone |[ concel |[ man |[ nen |[ e |[ st |
MD <->TVD
[ [ Calculate
Input Data
Measured | True Vertical | Cumulative Angle ~
pant Depth Depth Displacement
m) {m) (m) {(degrees)

1 0 o 0 o

2 20 B o 0

3

a

5

6

7

8

9

10

11

12

13

14

15

16

17

13

19

20 v

Prosper — Equipment Data

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

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

® 1 DOWNHOLE EQUIPMENT (well_1.0ut) =] =
[ Done || Cancel || Main || Import || Export || Report ||Iub\ngDB||CasingQB|| Help |
nput Data
Label Type Measured  Tubing Tubing Tubing Tubing Casing Casing Rate ~
Depth Inside Inside Outside Outside Inside Inside Multipli
Paint Diameter | Roughness = Diameter  Roughness = Diameter | Roughness
(m) {m) (m) {m) (m) {m) (m)
1 XmasTree O
e Tubing 2100 0.15 1.524e-5 1
3
P
: —
&
7
8
5
10
11
12
13
14
15
15 ~
< >

B GEOTHERMAL GRADIENT (well_1.0ut)

[} X

| Done | |gance| | | Main | | Import | | Export | | Flot | | Help |

Formation Gradient

Overall Heat Transfer Coeffident | 45| Wim2/K

Depth Reference I RKE |Enter Measured Depth j
Formation TVD Formation Measured Formation
Paint Depth Temperature
{m) (m) (deg Q)
i |0 a 4
2 |2100 2100
3
4
5
]
-

Prosper — Equipment Data

-input geothermal gradient &
overall heat transfer coefficient
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Prosper — Equipment Data

-input average heat capacities
-neglect gauge details

B Average Heat Capacities (Well... O *

| Done | |gance| | | Main | | Export | | Help | |Dgfault|

Cpail 2.219 K1fka/k
Cp Water 4,1368 K1fka/k

Prosper — Analysis Summary

[ ” H
+ [Estimate the producing rate using flow equilibrium assuming that the well is producing -select system™ option

against a constant wellhead pressure of 100 bar. -input PWh;
-use default tubing equation
-”Rate method”---User selected

i
5

- §

[Ty

L8 AL

»

10
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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

KK o Wb

Prosper — Analysis Summary
+ Generate and export lift curves to be used in GAP (in the following exercise). p range: 30- -generate VLP table
276 bara -select “VLP” option
B 7 SELECT VARIABLES (well_1.0Out) O = _go to ”cases”
L= = L= L= e e -select variables & generate
Variables == variable data (you can use linear
Top Mode Pressure . .
2 om o Promare i = e spacing & 20 breakpoints). Then
i j : oo e you have 20 cases
L= =l 4 68.8421
i j 5 |81.7895
=l =]
i d 7 107.684
i ﬂ 8 120.632
£ ﬂ 9 133.579
10 | 146.526
11 159.474
12 172.421
13 | 185.368
14 198.316
15 | 211.263
16 224.211
17 237.158
18 250.105
19 263.053
20 276

11
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Prosper — Analysis Summary

-input Pwh = 100 bara (just to
avoid it complaining)

-calculate

-select “export lift curve” 2>
choose “Petroleum Experts —
GAP/MBAL” = save in the same
directory as your prosper file,
and with the same name

-done

Outline

+ MBAL

12
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MBAL (Reservoir Model)

i ; -open MBAL
s 1t o s o s s e . save as
- -select “tool” = “material
o | balance”
o
v

MBAL - Options

-select “options”

System Opti H
yetem Getiens -use default setting
/gune xgance\ ? Help
Tool Options User Information
Reservoir Fluid |Gas =] o ’—
Tank Model | Single Tank -
Field
Abnomaly Pressued [No -
Production History By Tark - Location
Compositionsl Model |Mang = Platform
Analyst
Reference Time |01.01.2005  date d.m.y
e Bt __DateStamn_| (CUE e for new ine)

13
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MBAL - Unit System

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

Unit Spstermn
Unit Selections | ‘alidation [Input Units) | | ~
Unit Name Input |[Shetdu] Output | Shetdul tdinimum | b aximum | Dietails
Compressibiliy 1/har w ! 1/har M i] 0.074503774 Dretails
Critical Pressure BARa M BARa M 094430591872 | 2089.440353489 Details
Critical Temperature degC Shiu degC M -272.77Fh0a 1648.888724 Dietails
Critical Yolume m3dkg.maole th’Mul m3/kg male th’Mul 0 E24.3 Dietails

MBAL - PVT

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

- % o == Match
/Done xganc:el ? Help | <, Match ﬁl‘able H-‘"lmport H-‘" Export EEQIC F':p:m.

Input Parameters Correlations
Gas gravity [ 55 sp. Qravity Gas viscosity
Separator pressure (30 BARE Lee et 4l d
Condenzate to gas ratio [ Sm3/5m3

Condenzate gravity ,?517 k.g/m3
Water zalinity ppm
Mole percent H25 [ percent

Use Tables
Male percent CO2 ,Ui percent Use Matching
Mole percent N2 [g percent Madel ' ater Vapour

14
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MBAL - Input

Tank Input Data - Tank Parameters.

¥ 0ore| Mcencel ? Helo | £t Import

Tark Water Flock Fock |Poreolume] Relative | Production
Parameters | infls | Compress. | Compaction| v Depth | Permeabilty| _ History
TenkTyps [Gas <] Menitor Contacts
Name @ Gas Storage
Temperature [32 degC ModelWaler Fressure Gradient
rilisl Pressure [276 BARe Use Fractional Flow Table finstead of el perms)
Porasly [015 fieten Coalbed Methane
Connate Water Sahuation |0.25 fraction Madel Coal Permeability Y ariation
\ater Compressibity [Us= Cor Tbr
Original Gas InPlace [BIIE | g3
Startof Production [10022020 | datedmy

Ment»> Walidate

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

MBAL - Input

“UOI’! xb-“rl ?H—h

Tark Waler Rock, Prock it Voo Relative | Productc
Paameirsy fefn Comprass | Compuaction Die Pomaahilty] Huter

Modsl [Nore -

<< Price Hest > |

-input water influx

15
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MBAL - Input

-input relative permeability

| Tanik Input Dt - Belateve Prrmastsiition
“Ua\e xg..“ ?m. L,,-igu rﬁ[uy Bl
Tk | wWam | Fo S E O ——
Farsmeters | _inftox | Compress ltmm| ||‘nrﬂ|‘.\'ﬂv| Hton ]

Pl P from - Wae Sween IR, [100 | percent
Hystaseis | Ko »

Residudl | EndPant | Dxporenl
Sabanhon

bactin et
K 025 03
Y 01 (]

28

| Mo EnPere |
1.5

Outline

*  GAP: Set up Production Network

16
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GAP (Network Model)

-open GAP

n|RE ©AlsE T = =|A

-Save as
] GAP-32bit v12.0 - IPM v11.0 Build 107 - \\sambaad.stud.ntnu.no\igangga\...\Class Exercise 2\pdo.gap - [Production System] - O X
&l File Options View Edit Flow Assurance Constraints Generste Model Validation Solve Network Transient Prediction Results Reports Window  Units  Help e

B

Bl 7| @b o|e Sl e|wle ) Q@] x|« % | &[@k|x| ®Py

a4 ‘ Eancel‘ Hepmt| Help |

System type |F‘roductmn

Optimisation method [Production

PuT model [Black i

Prediction |Dn

Prediction method |Pressure and lemperature

Wan or Hpdrate warning |DIF

Wwéater Vapour | Na Calculations

Temperature model | Rough approximation

Heat Transfer Coefficient | Enter Heat Transter Cosfficient

Caloulate el Choke DelaT [0

Brine Properties Conelation [ Use Default Corelation

“water Viscosity Conelation | Use Detault Comslation

Allow Transient Pipeswels [E nable Transient Calculations

Ll Ll L] Lo Lo Lol e L fLe Led L f 1

Background bitmap |

Associated Injsction 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.

17
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GAP: Reservoir: Summary tab

-add tank icon = rename the tank
-double click to edit tank properties
-include MBAL model

-done
Model Type FT Model
|Material Balance ﬂ |Gas J |Blac:k ail
MBAL File
|EI:\Usets\...\TF'G4230\Previous_c:ourses\Exercises\other\ﬁas_2\sn0white.mbi - Browse
Mumber of Tanks Tank ID Start of Production End of History Status
[ 1 [ Snowhite [ 10022020 10.02.2020 [ wald

Original oil in place
MSm3

Original gas in place
270000 MSm3

GAP: Well:

l—— o ——
- —1 e N
o — e
| b

Summary tab

-add well icon = rename the well
-double click to edit well properties
-summary’ tab = change welltype
and add path to prosper file

18
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GAP: Well: Input tab: VLP Tab

[ we Wi-1" - input Screen

VLP Dkl

Fise tame

oo |

i
tmpot | Espon | inepect | Generste I Tuan ot & unatabie

s ss T Fonce st hand side interanchion [sohver)

A et harsd i rimesncion fopiemin)

T Safe VLP/IPR intesvection [much slowed]

VLP Infomation
Type : Gan Producer

Senaitiviy Variables : Gaa Fate, Mandokd Presuae

Calculsied Varisbles | FBH Pressuse. PwH Tempesshue, C Factor, Mishuse Velocity, Erosional Vielocily, Max Grain Diametes, Tumes Velocly, Evosion Flag, Tumes Flag, Escsion

Rate, Conosion Rste
Suface Conelabion  Hydio- 2P

Wirtical Comelation : Petroleum Expets 2

“input’ tab 2> ‘VLP’ tab -
‘import” VLP table in TPD format
-done

] GAP: Well: Input tab: IPR Tab

Sekect
Lve Loy - e =13 Adilgn | | Dk Lapm
Lol | Lapes Type [Gas = (L e ep——
Ieflow Peddomarce.
Tark Corrmecton Nore | IPR Match
177 Ty T - | Lapes Prossuse] B4R
o "~ Smlidabad L T ot
—_—
nl
1PR P it [ [
Prsmsatilty Comguction Conection |
Closfiomirpsctratyledee ] Selidmbed

‘input’ tab > “”’IPR” tab
Choose IPR type to “Cand n” to
have the same correlation in
PROSPER

19
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] GAP: Well

Transfer IPR data

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

GAP: Well

-add connection between reservoir and well

.Snowhlte

20
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B well W1 - Input Screen

Prsmaatity Compaction Conection
G
Gravelpack I _Eck GuavelPoct |
Flusd Proparties.
Cond gty [T51 Kgimd Wotes sty [0 pom
Gas gravity [155 . gy Has[a pescent
R [0 SmSm3 cozf pescart
WER [0 SmSm3 w2fa pescart ¥ Use tank mpuaties

GAP: Well: Input tab: IPR Tab

Select
L [Lope T -l =l Ay | | Dughcae Layes |
Lot [ Layes Type [G = Mok [incided r i =]
el Petormance - i
Tark Corraction [Snowhin 2 1P Match
VPR Type C andn = Layes Pressuse] 276 BARa
clioo0aas Sm3/dayba2 L T 32 000003 degC

Checking the IPR quality:
- 'input’ tab = "IPR” tab -> IPR Match

gy L =y

[EMatch 1PR Data

L N T

Match Layer IPR Dats
———
Layer Number [1

Maich | GasRale |FBH Fresoue|
Test Layer Pressue [ BARy Points |
Test\WGA [0 Sm3/5m3 1 [Zeseess [arseexe |
2| TeaenT |zramen |
3 ZEses [amsiesd |
Match Lapes IPR Reslts
AOF. [T6238489 10005m3/d
c [1000.8203 Smil/dayba?
nil

GAP: Well: Input tab:

B Vel Wl - tnput Screen

=]

Lot [Loyes 1 -4
Firktren Preseatity

Poachction Fractiona Fioe Model [Pl ~| & 1P Mk,

it Poel Peem b Bk hucnagh b -
PA Camestion or Mty [1ia o]

Use maich
coelicieniy

Bueskshoouschs s P ston Degehe

GaSotwston [ passent

pe e e e ] e feeeiT]

IPR Tab

“input’ tab = ‘IPR’ tab = ‘More’
sub-tab

-use permeability curve as for MBAL
model (‘From Tank Model’)

21
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D Preses Dicp [0

GAP: Well: Input tab: Control Tab

“input’ tab = ‘control’ tab
-change dp Control to allow well
choking

-done

22
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GAP: Separator

-add separator icon = choose

I'i ‘production separator’ = rename it
-connect the system with the
separator

Select Type:

Production Separator
"W ater Injection Manifold
Gas Injsction Manifald
Stean Injection Manitold
Oil Injection Manifold
LMG Process Plant

------
04 e,

.Snowhlle

*
.
......

oK Cancel

GAP: Joint (Xtree, Manifold, etc)

A

-add joint icon
-Rename the joint label

-pipeline is modelled between 2
o joints

.S nowhite

S ea
DR en®
en?

23
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GAP: Adding more wells

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

Snowhite
i

GAP: Adding more wells

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

Snowhite
i

24
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GAP: Joint (Xtree, Manifold, etc)
-connect the joints
-connect wells and separator to
the joints
]
m
GAP: Pipeline: Summary tab
[P - summary scrven
[:,, - e -double click in the selected pipeline
' ' -open 'summary’ tab - select PVT
= correlations
o e = s | -leave the other things as defaults
=y gl
LSl =
Sag s :

| Siputem delt

I Toansers

Diata Saamnaey [chck e bo sctvat]

Ervcrmert RN Schecie NN |
Pos Do [l |

M-;r-}r-:l
|

25
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GAP: Pipeline: Input tab
Environment Parameters
r -open 'input’ tab = open
Time Since Production Started |100 ‘environtment’ sub-tab
-input ambient temperature (= 4 degC)
Surrounding Temperature |4 deg C -input U (= 5 W/m2/K)
Owerall Heat Transfer Coefficient |5 Wim2AK

Oil Heat Capacity |2.213004 Kl kgl
Gaz Heat Capacity |2.135268 Kl kgl
‘Water Heat Capacity |4.1868 Kl kgl

r Enter Burial Data...

GAP: Pipeline: Input tab

-open ’input’ tab = open

Inlet TVD outlet ‘description’ sub-tab

-input pipeline properties: length:

s 5000 m for flowline
- 158600 m for pipeline
1 ID:

i) 0.355 for flowline

s 0.68 m for pipeline
e , roughness (=0.015 mm)

' 7 -done

v -repeat for the other pipelines

Erter sevatons as [Hiode TVDs =] Fiows Trpe | Tubwrg Flowe

Transert Poa g 3016 Calculatn Haat Trancbe Conticant

R Mpler |1 Cometation, [Hyshe: 2P =
Masm Lorgh Stegs [ 348 m Govity Conlfcient [1

Friction Caeffcient [1

26
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GAP: Separator

Setting up constraint

Separator ‘Melkoya' - Input Screen

Canstraint Walue | Binding | Patential Unit
Mairmum water rate Yes Mo Sm3fdap
Mairoum gas rate | 20000 Mo 10005m3/d
Mazimum liquid rate Yes Mo Sm3fdap
Mawinum oil rate Yes Mo Sm3fdap
Mirimum gas injection rate Ho Mo 10005m3/d
Maimum COZ Yes Mo percent
Maximum H25 Yes Mo percent
Marirum N2 Yes Mo percent
Marimum ail specific gravity Yes Mo Kg/m3
Marimum gross heating value Yes Mo Ml
Maximum specific gioss heating value Yes Mo klfsm3
Marimum Temperature Yes Mo degC
Unscheduled production deferment percent

-double click on the separator icon
-open ‘input’ tab = open
‘constraints’ tab

-input the gas plateau rate

GAP: All System

Circle = variable

arrow = constraint

27
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Outline

*  GAP: Solve Production Network

GAP: Solve Network

Model Validation  Solve Network  Transient -open ‘solve network’ to solve the
A ‘ # f\|.| g |Q|EJ| P= "':"|r“_\|(5 production network at t =0

-run network solver

-input separator pressure

E

Separator / Injection Manifold pressures - Production System
Melkoya

Prezzure 1 an
Pressure 2
Pressure 3
Pressure 4
Pressure 5
Pressure B
Pressure 7
Pressure 8
Pressure 9
Pressure 10

28
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GAP: Solve Network

[ enverk sobe -since we have a constraint to be
[T Vet 2 e e v 021707 satisfy, choose ‘optimise with all
W ariabie Wl W2-1' 1ate teduchion vakee 0217707 H 7

Visiable Wed W31 tafe teduchon vakae 0217707 constraints mode

mduction vaus 0 217713

e redmicn voa 02 -calculate

ke eduction vaue O
WVariable 'Wel "W1-3 st 1eduction vake
Woariable el W23 rate ieduction vakse
Wanable \Wel W1- teduchon vakue

e teduction vakes 0217708
st teduchon value 0217708
ate teduction value 0. 217718
Variable 'Wel W1-T 1ate reduction vakse 0 217707
ariatle Wel W27 rate teduction vaks 0217707
Sohver sokution reached in 1 derations

Optimeres fniched Code 0

Max Presiure Diop Difererce 0 00438455 by
M M Balarce Dilfererce 00138126 lonne/day
Time taken : (369 secs

CPU time : 0,905 secs

Start of Calculstion - 00:44:12 : 06 Febnuaey 2020
End of Caleulation - 00:44:13 : 06 Febnuaey 2020

TR oo |BEETPE oo | Messw |

Sabver Optimize DOptmizen progres:

LostEnor | Go01Gkee® || LastGuess| 0

Pesston 8§ 1 Iherabon 8 51 Optenmes brushee
Mode

T Mo Optemsation " Aue Based % Dphimase wath o connirants (™ Olptimise with potential constrants ooy

I Run Prodiction Serpt I™ Cakculate Potontial ™ Pasaeked

GAP: Solve Network

Prediction Results Reports | -to see the results, open ‘results’ tab
bleo|K|e a @& - ‘summary’ > ‘all items’

[ schver Summary Rewhs

s
Siliday
1000w
Smlidey
Selidey
oo Hestng Vake EF 8377 M
Spachc isoes Hastng Ve 17417 249 W)

Jowt - Tewgd 00 Snliday

Pipe - Plem 12 Sop 01 ity
Ps - Tomg] 43 Pl 00 Smdidey
s - Temp 1o Pl 010 Smlidey
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GAP: Prediction

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

|g|$]| p|ﬂ||~_\|d| .‘ @‘UD ‘ﬁ| @-‘El to ‘prediction’ = ‘Run prediction’

-set prediction timespan & timestep size

[ (in this exercise, you can use dt = 1 year)
Tkt | M| Sddpeduien | Erdolboy | o0 rn  wcisorert 13;:"‘ o |

Srumbtn_pedereoe OF. 002 2000 N bty
St Do [10.02 2000 dmy  End Dote [TERER dmy  SapSeai Mertts]  w|

Plestast Diate [ 77571 Erd Dake | ] Ghen G |1 ]

et Bak Man He | el

GAP: Prediction

-input separator pressure

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

-calculate

Log Everti || Cowerm | Unkim st |
Sohose o

Heriages

Preckesce, pkisisss piograss
Lot Emes [ Lot s [ Curert Stee [
ewatin & [ Iation 8 [ Stvg [
Mude
™ No Optissaticns ™ Fiude Biveedd O Dgtivizn vith o cnstonis ™ Dptisien it petredisl corstouints erdy
I Coloudate Patertisl ™ Pastoioed
Caleulste | Back Han Hel Setegs
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GAP: Prediction

-to see the results, open ‘prediction’ >
‘plot nodes prediction results’ = select
all equipment types = plot

iz Questions

NTNU

62
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I
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d
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® L\' n (-oqo)v ofo
qr"d D ‘ T ~ l" ¢ vreml Wloﬁl]
9
e Croyonal Miwb rU.Ss < '\rmo ol > MWL 1HE
(1) The velocity above which erosion may occur
can be determined by the following empiri-
cal equation:
v, =_¢ Eq.2.14
Jpm
fn Norwej
where:
. DNV Recommended Practice RP O501) Ve = fluid erosional velocity, feet/second
[ = empirical constant

pm = gas/liquid mixture density at flowing
pressure and temperature, Ibs/ft*
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NPV ealalahons I byt
PV - % Ch CF = fevtve - ewpdilug o} yer e
T owa (144)°
l—) A\Jroun'[' &ncj‘or 5% <2 1z
——
expeRs Ve execolid Jw'\nj ew'(ﬁ yexs fo
\
_L ty o lo Yy :
(1xd) "
discount factor 0.07
Gas price 011 [usd/smA3]
Discount rate 5 [%]
year 1/(1+d)N LNG plant CAPEX 160 [usd/ SmA3/d]
well cost LODEH2|  [1E06USD]  |{paid inyears 1and 2)
1] 0334573 LNG carrier cost - 200E402)  [AE06USD]  |(each carrier has a capacity of 145000 Sm3 LNG, or 86E06 Sm3 og gas, can do 22 trips in a year, amount paid evenly during the first two years)
2 0.873439  Igybsea manifolé cost 200401 [1606UsD]
3 0.816298  Pipeline and umbilicals 5.006402)  [1E06USD]  |(paid inyears Land 2)
4 0.762895 NPV [1E06 USD] 53161
5 0712986 CAPEX
6 0'666342l End of year DRILLEX Subsea INGPlant | LNG vessels TOTAL | vearly g Revenues | Cash flow Disounted NPV
7  0.62275 CAPEX | offtake cash flow
8 0.582009
[ [1£06 USD] [1£06 USD] [1E06USD] | [1F06USD] [1E06USD] [SmA3] | [1F06USD] | [1E06USD] | [1EO6USD] | [LE06USD]
3 0343334 1 400 310 1600 23100 0.00E+00 0 -2310 -2200 -2200
10 0.508349 2 400 250 1600 2250 0.00E+00 0 -2250 -2041 -4241
11 0.475093 3 100 0 0 100 0.00E+00 0 -100 -86 -4327
12 0444012 4 0 0 0 0 O0.00EH0 0 0 0 87
5 0 0 0 0 0.00E+00 0 0 0 4327
] 0 0 0 0 7.30E+09 803 803 599 318
7 0 0 0 0 7.30E+09 803 803 571 -3157
8 0 0 0 0 7.30E+09 803 803 544 -2614
9 0 0 0 0 7.30E+09 803 803 518 -209
10 0 0 0 0 7.30E+09 803 803 49 -1603
1 0 0 0 0 7.30E+09 803 803 469 113
1 0 0 0 0 730409 803 803 447 -087
13 0 0 0 0 7.30E409 803 803 426 -261
i 0 0 0 0 7.30E409 803 803 406 143
15 0 0 0 0 7.30E409 803 803 386 331
16 0 0 0 0 7.30E+09 803 803 368 899
17 0 0 0 0 7.30E409 803 803 330 1249
18 0 0 0 0 7.30E409 803 803 34 1583
19 0 0 0 0 7.30E+09 803 803 318 1901
20 0 0 0 0 7.30E+09 803 803 303 2203
21 0 0 0 0 7.30E+09 803 803 28 2492
2 0 0 0 0 7.30E+09 803 803 275 2766
3 0 0 0 0 7.30E+09 803 803 261 3028
u 0 0 0 0 7.30E+09 803 803 29 n
2 0 0 0 0 7.30E409 803 803 17 3514
26 0 0 0 0 730409 803 803 126 3740
2 0 0 0 0 71549 786 786 a1 3930
2 0 0 0 0 6.64EH9 71 731 186 4136
P 0 0 0 0 6I7EH9 678 678 163 4301
0 0 0 0 0 572649 630 630 146 4447
kil 0 0 0 0 531EH9 584 584 129 4576
2 0 0 0 0 492E+09 542 542 114 4689
3 0 0 0 0 456EH9 502 502 100 4790
£ 0 0 0 0 422EH9 404 404 a8 4878
3 0 0 0 0 3.50E+09 9 9 7 4956
36 0 0 0 0 3.60E+09 3% 3% 68 504
37 0 0 0 0 3.32E409 365 365 &0 5084
38 0 0 0 0 3.06EH09 336 336 23 5137
3 0 0 0 0 281EH9 309 309 L 5183
40 0 0 0 0 238409 284 284 i 5224
41 0 0 0 0 236EH9 260 260 35 5239
4 0 0 0 0 216E+09 17 37 3 5289
5] 0 0 0 0 L97EH09 2186 218 27 5316
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“Produktpriser
(70/110 USD) A | e
Utvinnbare
reserver 2,9 20,2
(PS0/P10)
Driftskostnader 86 167
(+/-20%) ' '
Investeringer 10,3 156
(+/-20%)
0,0 50 10,0 15,0 20,0 25,0

milliarder kroner

Bomhfb (:.ij jc-) wvfre.SSiW\>
Production profile (20,8mill. Sm®/sd — 6,7 GSm?ar)

NEW_REF_start 01.03.06

8 —— . 200
Sne+Alb Agl :
Compression
—_—

- /
;g + 160
@ 81 a
[©] E

0

551 120 &
S a
£ :
= >
o3 %3
© E]
= £
29 F
F 40 °
] 1 _ | |

. :

2005 2010 2015 2020 2025 2030 2035

‘-Snmhvil mm Askeladd mmm Albatross —a—Cum.gas

Melkeya
\ Pipeline (158 km)
: SEP
’ —_—
@ Emply slot
@ Well
I Choke

Comp 2
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32‘.1 ?8:? BU:U 6:?E+5 22 U:?g 1:3]E+11 24:2E+6 ZD:CIE+6 COMPRESSION STARTS
82.1 787 300 6.7E+6 14 0.85  1.39E+11 22.7E+6 20.0E+6| Pcompdis  Tsuc ™ deltap
82.1 787 300 6.7E+6 6 093  1.46E+11 21.2E+6 20.06+6( _[bara) | [c M [bar)
79.6 761 300 6.7E+6 0 1.00 78.7 2.6
70.8 668 300 6.7E+6 0 1.00 787 11.9
61.4 ( SE.?’ 30.0 6.7E+6 0 1.00 78.7 122.0
51.0 453 300 6.7E+6 0 1.00 787 33.4
39.0 311 300 6.7E+6 0 1.00 787 47.5
22,9F HVALUEI 30.0 6.7E+6 0 1.00 78.7 r H#VALUE!
HVALUE! 7 HVALUE! 300 6.7E+6  HVALUE! ” H#VALUE! 78.7 " HVALUE!
HVALUEL 7 HVALUE! 300 6.76+67 WVALUEl 7 HVALUE! 78.7 " HVALUEL
T.=| 6}°C
’ L, 5 ‘(EO IMeihar;e Y ’////// CII/ /lp/q“m‘:/ // g - /7’ =RUIT - M/e“ane
Pz 503 ks ) B0 Pressure-Enthalpy Diagram (AZ A7 A A AA I L7 AN T et A e o T
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Compressor
Weight: 289 tons
Size: 11 x9x10m

Inlet Cboter
Weight: 235 tons
Size:15x10x7m

Goler 34
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Scrubber
Weight: 210
Size: 8x8x

o
—_ D
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: %/—!
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Q
hitp://www-ipt.ntnu.nof
COMPRESSION STARTS
Deltapchokecomp  psec  peompdis  Tplem  DTindeteooler T  rp deftap  npeeff
[bar] [bara] [bara] I ] @ H [bar] 3]
0 71 17 & [T % o1
0 %38 17 & 0 & s ns o
0 57 187 & 0 & 1 m o
0 453 187 B7 L] B7 1 334 o7
0 3l 77 & D T L
0" L 7 & 0 67 maE” maLUE 07
o mALEl 77 § 0 e mme " A )
0" sl .7 § 0 s awe " svaLel o7
Tsc 288.71 K
k 1.30
Polytropic effic 0.7
Mech. Effic 0.95
zZsuc zdisc Bg @suc qg_local
(mA3/SmA3]  [mA3/d]
0.928 0.930 1.46E-02 292.0E+3
0.935 0.942 1.68E-02 335.2E+3
0.944 0.955 1.99€-02 398.4E+3
0.954 0.970 2.52E-02 504.1E+3
0.967 0.988 3.72E-02 743.8E+3
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Process Modules- Sizes and Dry Weights

tonss
12m =

G - w (hlek - hotle)
N
1-paw é3°C
\_/‘

n Tdis  DToutletcooler Tinpipeline  2suc

H 1 o]
W08 0
658 1
W1 0
9 18 0
14 1883 0
149" SvaLUE! 0
149" #ALUE! [
1497 svaLugl o

Hp m
[m] [ke/s]
565.1 155.7E+0
2851.9 155.7E+0
5924.7 155.7E+0
10505.5 155.7E+0
19107.5

155.7E+0

]

08
854
1057
1343
1883

AALUEl

FVALUE!

AALLE!

Power
(Mw]
1.30
6.55
13.61
24.13

43.89
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Discharge Cooler
Weight: 107 tons
Size:9x7x5m

Pump
Weight: 45 tons
Size:5x5x6m

e B@wc  glal  Hp

im‘mm‘l [m*3/d) [m]

Pin, bara 50

Tin, K 298.15

Zin 0.98

Mw 28.97

Hp test
[m]
294.8
1487.9

qact test

[m~3/d]
210883.7638
242119.9827
3091.0 287755.5395
5480.9 364116.1919
9968.8 '53?24?.0699

gact test single comp

[m~3/d]
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Note Title
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tovles o} rapied embes (g 13 )
Function x unifor(a, D)
'value of the variable x for a uniforn distribuzion
'a 1s the ninimm value of x
WL\D : \M‘b 0}\ CGM 'b is the maximm value of x
"I is the the randon nurber
Bpolication.Volatile (True)
9,11, _— e U = Rnd()
xuniform=a+t (o-a) * U
End Function

Function x Triangular(a, b, c)
'value of the variable x for a Trianqular distribution
'3 1s the minimum value of x
'b is the maximm value of x
'c 1s the mode value of x
"I is the the randon nurber
Bpolication.Volatile (True)
U = Rnd()
Fe=f(c-a /(b-a
I£Fc>0Then
% Trianqular = a + Sqr((b - a) * (c-a) * 1)
Else
U = M +Q’“" “"“"")(rtwd. - O ) % Trianqular = b - Sqr((b-a) * (b-c * (L - 1))

(\ -0 ) End If
Fnd Function

&4_ Function Npu(Bo, Fr, RV, Ror, litg, So)
¢ "total recoveranle reserves, in stb or n3
'por parosity, fraction

I "litg Net to gross, fraction

| 'S0 0il saturation, fraction

| \ "Bo 01l formation volume factor, (m3/Sm3 or bbl/sth

" 'Fr ultimate recovery factor, fraction

" wole o> Npu = RV * Por * Neg * So * Nty / Bo
. End Function

Ur
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Note Title

02.03.2020

http://www.ipt.ntnu.no/~stankof/files/Courses/TPG4230/2020/Class_files/20200302/

Probabilistic estimation of Original oil in place and Total Recoverable Reserves of the
Kobbe Formation

The company ENI has found a reservoir in the Barents sea, Kobbe, 50 km south of the
Snehvit field and 80 km from the LNG plant of Snehvit in Hammerfest (Melkeya). The water
depth in the area is 360 — 420 metres and, luckily, is an “ice-free™ area. The company is
evaluating to produce it and baptized the field: “Gohat™.

I&:E 2?’5 ZZ:E Zf’E 16:‘5
TN
-
mg‘ T &
i k@ | - 3
- G \
: ¥
7N t
L AN 4 %
| — //‘
/

| —

"5 s AP

The reservoir contains oil with a thin overlying gas cap and it lies approximately 1800 meters
beneath the seabed. The static reservoir pressure is 190 bar.

As part of the early development studies and as required by the Norwegian authorities, your
first task is to perform a probabilistic estimation of the total recoverable reserves and the
original oil in place of the Kobbe reservoir. The subsurface group has provided (in the excel
sheet attached) information on the factors needed to calculate hydrocarbon pore volume (rock
volume, net to gross, o1l saturation, and the reservoir engineering group the formation volume
factor (all based on a uniform probability distribution). The ultimate recovery factor is
represented by a triangle distribution with a min value of 0.18, a max value of 0.35 and a mode of
0.25

There 1s disagreement within the company with respect to which porosity values to employ. A
senior petrophysicist A says that a uniform porosity distribution should be employed with a min
value of 0.18 and a max value of 0.30. Another senior petrophysicist B says that a skewed triangle
distribution should be used with a min value of 0.18, a max value of 0.30 and a mode of 0.25.

Tasks:
-Perform a Monte Carlo Simulation Study (using 1000 simulations) to obtain the expected value
of the Total Recoverable Oil Reserves and the initial o1l in place. Report the outcome as:

o Expected value (Mean or Average)

¢ Most probable value (mode)

¢ Median (P50), P10, P90

o Expectation curve for the Total Recoverable O1l Reserves (Plot of Cumulative Probability)

and the initial o1l in place

-Estimate the required number of iterations for the Monte Carlo method using the values
calculated above. Assume that the desired error 1s 2% of the average, and the desired confidence
level 1s 98%. Do you have to run more iterations?
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Class example TPG4230, Michael Golan and Milan Stanko
Net to Gros Oil Saturation Formation Volume FUItimate Recovery Factor

Rock volume Porosity N/G So=(1-Sw) Bo Fr
bbl fraction  fraction fraction Res bbl/STB fraction
Min 5.00E+09 0.18 0.3 0.8 1.35 0.18
Max 6.25E+09 0.3 0.5 0.9 1.6 0.35
Mode 0.25
MCit  Rock volume Porosity N/G So=(1-Sw) Bo Fr Npu
[-] bbl fraction  fraction fraction Res bbl/STB fraction [stb]

Class example TPG4230, Michael Golan and Milan Stanko
Net to Gros Oil Saturation Formation Volume FUItimate Recovery Factor

Rock volume Porosity N/G So=(1-Sw) Bo Fr
bbl fraction  fraction fraction Res bbl/STB fraction
Min 5.00E+09 0.18 0.3 0.8 1.35 0.18
Max 6.25E+09 0.3 0.5 [09) |16 0.35 %
Mode s - )@
MCit Rock volume Porosity N/G So=(1-Sw) Bo Fr Npu
[-] bbl fraction  fraction fraction Res bbl/STB fraction [sth]
1 5.68E+09 0.24 0.36 0.90 1.45 0.25/ | 1.13E+08
2 5.67E+09 0.26 0.37 0.86 1.53 L 0.28/ | 1.14E+08
3 5.19E+09 0.28 0.43 0.86 1.56 0.25/ | 1.49E+08
4 5.56E+09 0.19 0.45 0.83 1.52 0.28| | 1.19E+08
5 5.76E+09 0.23 0.37 0.88 1.54 0.23/ | 1.08E+08
Lbc\. vty Mlb
Npu min 5.01E+07 ~
[sfb] max 2.79E+08 c ﬁ:{J
1.04E+08 nr bins 2.00E+01
g]iggf;-gi delta 1.20E+07 '\N‘(-"‘Q_‘j wew  1.23 EOF ng
98955495 bins ounts pdf inv cdf
1.56E+08 [stb]
1.29E+08 5.01E+07 @ 0.001001~ 1
1.35E+08 6.22E+07 26 0;026026} 0.998999
1.41E+08 7.42E+07 Z 71 0;07’1071J 0.972973
1.09E+08 8.62E+07 89 0.089089 0.901902
78525811 9.83E+07 116 0.116116 0.812813
1.86E+08 1.10E+08 114 0.114114 0.696697
88164376 1.22E+08 77 0.077077 0.582583
2.09E+08 1.34E+08 98 0.098098 0.505506
72468418 1.46E+08 94 0.094094 0.407407
70193843 1.58E+08 97 0.097097 0.313313
73626560 1.71E+08 57 0.057057 0.216216
62974381 1.83E+08 43 0.043043 0.159159
1.48E+08 1.95E+08 33 0.033033 0.116116
1.41E+08 2.07E+08 32 0.032032 0.083083
1.44E+08 2.19E+08 25 0.025025 0.051051
78948521 2.31E+08 14 0.014014 0.026026
1.42E+08 2.43E+08 4 0.004004 0.012012

1.48E+08 2.55E+08 6 0.006006 0.008008 \
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Table 5.2-1: Hebron Ben Nevis (Pool 1) In-Place Volumes Range
Upside Volumes Enst b e Downside Volumes
Hebron Ben Nevis Oil Volumes
MBO Mm® MBO Mm® MBO Mm’®
D-94 Fault Block 1601 255 1328 211 1077 171
1-13 Fault Block 252 40 187 30 141 22
Total Hebron Ben Nevis 1870 297 1515 241 1204 191
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.

File  Edit View Insert Cell Kernel Help

In [2]:

M Halt H Validate ‘

H H B2 » tab Code v ‘ H & Snippets

#importing needed libraries

import matplotlib.pyplot as plt #library for plotting
import numpy as np #for math operations

| import pandas as pd #for creating tables

In 3]

In [4]:

In [9]:

#declare functions
def Npu(por,RV,NTG,So0,Bo,Fr):
#por porosity in fraction
#RV rock volume in stb or Sm3
#NTG net to gross, in fraction
#So o0il saturation, in fraction
#Bo oil formation volume factor, bbl/stb or m3/5m3
#Fr recovery factor, in fraction
TRR=por*RV*NTG*So*Fr/Bo
return TRR

#input data

por_min=8.18

por_max=@.3

RV_min=5e3 # in million bbl
| RV_max=6.25e3

NTG_min=8.3

|NTG_max=0.5

|50 min=6.8

!So_mﬂx=ﬂ.9

| Bo_min=1.35
' Bo_max=1.6
Fr_min=8.18
Fr_max=8.35
| Fr_mode=8.25

| #MC simulation

| #random sampling

n=1888
por=np.random.uniform{por_min,por_max,n)
Rv=np.random.uniform(RV_min,RV_max,n)
|NTG=np.random.uniform{NTG_min,NTG_max,n)
So=np.random.uniform(So_min,So_max,n)
Bo=np.random.uniform(Bo_min,Bo_max,n)
Fr=np.random.triangular({Fr_min,Fr_mode,Fr_max,n)
| #MC simulation, compute Mpu for all samples
| TRR=Npu(por,RV,NTG, So,Bo, Fr)

g 5y i D

|
| #Frequency analysis




100
Npu, [MMsts]
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Note Title 06.03.2020
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1 > v
p A S ™ .
[45]:  #Frequency analysis of results
(0\"\‘\'& [N '\“‘Mkd I':\ bins=np.linspace(TRR.min(),TRR.max(),28)
i .‘\. {,\‘,\ 2, histogram,bins=np.histogram(TRR,bins=bins)
! histogram=histogram/n
bin_centers=8.5%(bins[1: ]+bins[:-1])
l cdf=np.cumsum(histogram)
_;' [ In [46]: |#plotting pdf
r f°l-t‘l\\ plt.xlabel('Npu, [MMstb]")
plt.ylabel( ' frequency')
v v y plt.plot(bin_centers,histogram)
Ms M-S S-5 plt. show()|
I
I | bin_centers=90.5*(bins[1: ]+bins[:-11])
e 2 0O i ¢ 1
( r Oa PN Q G
oIy e \1 ) Yn
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owny L 7 t o
on el it A a4,
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—_— 10 —_— —
In[47]: tolotting off
E— _ olt.xlabel("Npu, [Wstb]') —
081 . olt.ylabel{"cunulative freguency')
oLt plot (bin_centers, cdf)
e E - olt.shou) .
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In [5]:

In [6]:

In [12]:

#declare functions

def Npu(por,RV,NTG,S0,B0,Fr):
#por porosity in fraction
#RV rock volume in stb or Sa3
#NTG net to gross, in fraction

#50 oil saturation, in fraction

#8o0 oil formation volume factor, bbl/stb or m3/Sm3

#Fr recovery factor, in fraction

TRR=por*RV*NTG*So*Fr/Bo
return TRR

def LHS_samples_uniform(min_val,max_val,n):

#returns 3 list of random values from a uniform distribution using LHS
#n: number of samples to generate

#min_val minimum value of the variable

#max_val maximum value of the variable

len_int=1/n #delta in cdf

interval_start=np.linspace(®,1-len_int,n)

interval_end=np.linspace(len_int,1,n)

cdf_samples=np,random.uniform{interval_start,interval_end)

samples=scpstat.uniform.ppf(cdf_samples, loc=min_val,scale=(max_val-min_val))

np.random. shuffle(samples)
return samples

#input data
por_min=2.18
por_max=8.3
RV_min=5e3
RV_max=6.25e3
NTG_min=8.2
NTG_max=8.5
So_min=8.8
So_max=2.9
Bo_min=1.35
Bo_max=1.6
Fr_min=2.18
Fr_max=8.35

#LHS simulation
n=588

# in million bbl

por=LHS_samples_uniform(por_min, por_max,n)
RV=LHS_samples_uniform(RV_min,RV_max,n)
NTG= amples iform{NTG_min, NTG_max,n)
So=LHS_samples_uniform(Se_min,So_max,n)

Bo=LHS_samples_uniform(Bo_min,Bo_max,n)
Fr=LHS_samples_uniform(Fr_min,Fr_max,n)

#LHS simulation, compute Npu for all samples
| TRR=Npu(por,RV,NTG,S0,Be,Fr)

0104

LELE |

0024

0.00 4
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TPG4151 - Subsurface Decision Analysis
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About imetable Examinatian

iscretizati re available.
o 3-Point Shortcuts
— Extended Pearson-Tukey
— McMNamee-Celona -Pf‘al pﬁo(q_ Bf‘ﬂ-‘{'\mlo(
— Extended Swanson-Megill
- foyie. Hoy
o Moment Matching
o CDF Discretization
— Bracket Mean

— Bracket Median

o Value Discretization (High Resolution Probability Tree)

2019 HOST 1810 Vin! - under 24

borhle | skt Lo TER problon carth  paololihy tee 1 plbhon

In [8]: #importing needed Libraries
import matplotlib.pyplot as plt
import numpy as np
import scipy.stats as scpstat

In [9]: #declaring necessary functions

def Npu(a):
#returns N in [stb or Sm3]
#input:
#por, porosity, [-]
#RV, rock volume, [m3 or bbl]
#NTG, net to gross, [-]
#So, oil saturation, [-]
#Bo, oil formation volume factor [m3/Sm3]
por=a[@]
Rv=a[1]
NTG=a[2]
So=a[3]
Bo=a[4]
Fr=a[5]
TRR=por*RV*NTG*So*Fr/Bo
return TRR




TPG4230 - Field development and operations Page 146

def total_prob(a):
#calculates the probability of a particular combination of branches
prob_1=a[@]
prob_2=a[1]
prob_3=a[2]
prob_4=a[3]
prob_5=a[4]

prob_6=a[5] . /
b=prob_1*prob_2*prob_3*prob_4*prob_5*prob_6 | '—"" I t —4 l

return b| min.
def branches{min_val,max_val,nr):
delta=(max_val-min_val)*8.5/nr - . ,O.5

- WA
a=np.linspace(min_val+delta,max_val-delta,3) -~ A = —
return a n

def discrete_prob_uniform(min_val,max_val,val):
#discretizes a uniform probability [un?ﬁon using the value discretization method
a=scpstat.uniform.pdf(val,loc=min_val,scale=(max_val-min_val)})
a=a/np.sum(a) 1

return a \1 narmkibc.{m 5:{3 fd.{.

#input data
#porosity
por_min=8.18
por_max=@.3

#input data

#porosity

por_min=@,18
por_max=8.3

#Rock Volume [1E@6 bbl]
RV_min=5600

RV_max=6250

#Net to gross
NTG_min=0.3

NTG_max=@. 5|

#01l saturation
So_min=0.8

So_max=0.9

#0il formation volume factor [bbl/stb]
Bo_min=1.35

Bo_max=1.6

#recovery factor [-]
Fr_min=0.18

Fr_max=8.35

#nr. branches per variable

nb=3

#calculating branches

por=branches(por_min,por_max,nb)
RV=branches(RV_min,RV_max,nb) O—
NTG=branches(NTG_min,NTG_max,nb) \
So=branches(So_min,So_max,nb) P

Bo=branches(Bo_min,Bo_max,nb)
Fr=branches(Fr_min,Fr_max,nb)
#calculating probabilities of each branch (using value discretization)
prob_por=discrete_prob_uniform(por_min,por_max,por)
prob_RV=discrete_prob_uniform(RV_min,RV_max,RV)
prob_NTG=discrete_prob_uniform(NTG_min,NTG_max,NTG)
prob_So=discrete_prob_uniform(So_min,So_max,So)
prob_Bo=discrete_prob_uniform(Bo_min,Bo_max,Bo)
prob_Fr=discrete_prob_uniform(Fr_min,Fr_max,Fr)

Prof. Milan Stanko (NTNU)
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nr_variables=6
#create an element-wise combination of all branches
v combination_vector=np.array(np.-meshgrid(por,RV,NTG,So0,Bo,Fr)).T.reshape(-1,nr_variables)
combination_prob=np.array(np.meshgrid(prob_por,prob_RV,prob_NTG,prob_So,prob_Bo,prob_Fr)).T.reshape(-1,nr_variables)
N_comb=len(combination_vector) Jw‘
on

results_val=[]« wvgchs, fo gethar vellly S“ﬂ
results_prob=[] , o V5 M"N
f) PEYS ) Tie S

for i in range(0,N_comb-1): Y
eslake\y €
(X,L\/s

results_val.append(Npu(combination_vectorfi]))

results_prob.append(total_prob(combination_probli])) »
results=np.vstack((results_val,results_prob))
results=results. T

results=np.sort(results,axis=0) vort {,M min to nen,
cdf=np.cumsum(results[:,1]) : c»\(wbte va\wl;}rw, frob

6‘/11 N‘S’ S, . e Bo‘ ) rP\N" P"”’J) FS { ﬁb. PFY'I Pﬂc\

V
ﬂl NTD &\0 . (?, ?\(, 007, P\M‘ P"“Dl ﬁs 4 ﬁp‘ PFr, ?5";,

#plot cdf

plt.xlabel( 'Npu, [MMstb]")
plt.ylabel('frequency"')
plt.plot(results[:,0],cdf,label="cdf")
plt.show()
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Offshore structures for oil and gas
production

Prof. Milan Stanko (NTNU)

Components

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

* Facilities for light well
intervention.

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

* Gas injection system

* Gas compression units for
pipeline transport

* Water injection system

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 SHUTTLE
. ducti ifold = INTEGRATED DRILLING AND

Prlo uction manifolds e - MTEGRATED DRILLING AN
* Oil storage g : _

irees 8 . . STORAGE TANKER — ——— i

* Facilities for oil offloading 1

* Control system aum m_mm',*ﬁ
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/

9
Fixed Compliant
o
E
o
(=1
(="
>
=
3
=
o
[==]
Gravity-Based )
Jacket Structure Jack-up Compliant tower
Positively
Neutrally buoyant SUE
&

g /] 'l‘y IJ.-" [ "«\ ;' | ‘,‘\\
= /A /) /)N

/ \ / \\ /

/ S/ AN LS NN

ship FPSO Semi-Sub Sevan FPSO Spar Tension Leg

P p Platform (TLP)
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Types

Fixed

Compliant

BOTTOM-SUPPORTED

Gravity-Based

lacket
Structure

Jack-up

B

Compliant tower

Neutrally buoyant

Positively
buoyant

Have significant movement

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

STEEL PLATFORM

CONVENTIONAL DECK

DIAGONAL BRACING

CONDUCTORS

SKIRT PILE GUIDE

12
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GBS

13

JACKUP

Taken from Volve PDO

14
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FPSO

15

FPSO - Comment about swivel

: "‘ hae c«):L.,nJ Lary
nwl«»(b with f}u

N " et enbher
codsbny

16
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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 Suid wrght e boblle echeed

==il
]
OFFSHORE

Very.
High Pressure

| / =3 Fluid Swivel

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

19

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

10
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SPAR — Vortex induced vibrations

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

21

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

22

11
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SPAR — Effect of helical strakes

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

23

SEVAN FPSO

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

24

12
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Tension leg platform

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

25
Tension leg platform
/ Deck with Drilling and
Py Production Facilities
2 Hull
~——Tethers
Drilling and Well Risers
i Foundation Template
& ;%4/4- Well Template
26

13
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Comment about Tension leg platform

i L

{
' ' [

{I—;
\

\
\

27

Compliant tower

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

28

14
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Semi-Sub

e
A T

h ’ -_,:.:u =
g

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

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

29
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
30

15
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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
Water depth [m]
1] 450 900 1500 2100 3000
413 - Bullwinkle
Jacket
GBS
300-Lena 610 - Petronius
Compliant tower
L J
80— Janice A [ 2414 - Independence Hub
Semi-Sub
\ J
148 - Hutton | 1581- Big Foot
TLP
L J
588 - Neptune [ 2383 - Perdido
SPAR
L J
| 2896 - Turitella
FPSO
32

16
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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

33

Reservoir Sﬁad and structure

4

T E T @

/ 1. l r_—'
o) —
I(J__{N, {ne

@

Nm—
+ Long deviated wells ($$$) . Shorte.r, .vertl.cal wells (S) - .
« Wells are drilled from one * The drilling rig must be mobilized often which costs
location, no need to spend money ($55)

* Production can start in ramp up mode (if topside is in

mobilization time ($$)
place)

* Production startup must be
delayed until all wells are
drilled

34

17
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Reservoir spread and structure

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

35

ons\'u re MUJ
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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
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37

Support system for dry X-mas trees — deep water

X-mas
tree
— B cealevel

air cans

BUTTANEY
=]

riser joints

keel joint

wellhead

OTC 8382

seabed i Figure 6 - Well System

MNeptune Project: Spar History and Desugn Considerations
R 5 Glsevile, JF Hakyard, RL Davies A Steer. F

Frimm, Deep Of Tectnokegy, inc

38
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Support system for dry X-mas trees — deep water

X-mas
tree

— e g3 |evel

air cans

BUTTANEY

riser joints

keel joint

wellhead

seabed Figure 6 - Well System

A Real State on offshore structure is critical,  orcee
welloore not more slots than what is needed! Nestune Proect Spar Heloryand Deeign Conederatons

39

Support system for dry X-mas trees — deep water

) tensioning
load ring (D system

sea level

\ v
-\‘ (-moll

riser joints

. keel joint

wellhead

seabed

wellbore

40
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Some selection criteria for offshore structures

Water depth
Type of X-mas tree

. . .
well mjcerventlon needs Only floating structures SPAR, TLPs
* Tubing 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

41

Possibility for jackets without drilling package

Offshore E&P platforms: an overview
Part |

https://www.youtube.com/watch?v=-vimAvgn6dU

42

21
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Possibility for jackets without drilling package

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

43

Njord: subsea wells with well intervention possibility

44

22
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Layout of subsea systems — template wells

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

45
Layout of subsea systems — template wells
Host Production
Platform

¢ Single Subsea

Satellite Well
B\ Subsea Wells

Template

46
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Satellite wells

Figure 3.4 Typical GOM subses tie-back

47

Jumpers for satellite wells (if close)

48

24
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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 ang“i}z

Flow Lines Storage Tankers |
\ - Production;
P /f\@ Riser |

b / - s
|
—

>

Subsea

\
Manifold Lg‘\Subsea Satellite Wells

¢ Shorter, vertical wells

* The drilling rig must be mobilized often which costs
money

* More flowlines, pipelines. Manifolds are required

49

The production manifold
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4 well template — the production manifold

Retrievable Manifold

51
The manifold
6" Branch Line To/From Well
5 1/8” Branch Valves
2> CI Valves
Remote Actuated Valves ROV
Panel
10 ”” Main Header /
(‘OVtij
Pigging Loop Isolation Valve -
m
52

26
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The manifold — reality vs sketch
" \‘\1QP) |‘\|°|'\ i'\boh'b W;Ov\ .{v'& ;"“‘J’k
presiwre pro -

FTN 4
OM v ?‘ ¢ I / b Hi'llls'?%.l wFrom Well ' ! \
Q\» < \o N ) / &Jmeg . |*|
:\ Yl T 5 1/8" Branch \-';1le / —__
L7 ¥ .. A i . ’ . !

Remote Acfuated Valves

0 "Wain Header
dengned )

Pigging [_n*&kﬂatwn Valve

\’“5 VmML

((Mﬁ ovel

53

4 well template — weight transfer
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Metering - onshore
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55

Metering onshore — test separator

56
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Metering subsea — test line | qroan Yperchs
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57
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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Pigs

Wax plug-North Sea line pigging
Various pig types e

64
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Pigging loop and subsea pig launcher

.
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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-develooment-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

11
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Note Title

3/19/2020
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Comparlson Heave RAQ - FPSO Sevan Piranema
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Figure 16.2: RAO published on the AKER Drilling website.
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Class exercise

Wave statistics for the Aasta Hansteen area.

You have been invited onboard the R/V Gunnerus, a ship that belongs to NTNU that will
carry several research activities on a trip to the Norwegian Sea. The vessel will be visiting the
area where the Aasta Hansteen field will be located (67° Latitude and 7°Longitude). Equinor
sponsors your stay and place on the ship. The ship is equipped with a buoy that measures
wave elevation every 0.5 s.

feorwegian Ges J

Norway Finland

7
Bsitic Sea Estonia
=

Part 3.1. To show your gratitude to Equinor, you intend to process the wave elevation data
that has been gathered for a period of 2047.5 s during the trip (See the excel data attached).
The tasks are as follow:

e Perform an FFT of the data provided. Do this in Python. We will follow the
instructions in the document “Frequency Domain Using Excel” written by Larry
Klingenberg, from San Francisco State University. Please note that the procedure
provided by Prof. Klingenberg already calculates the amplitude (wave elevation, in
m), NOT the spectral energy.

Plot the wave spectrum (amplitude in m vs frequency), provide the periods with
the highest amplitude on a table and report the peak spectral period (the period
with the highest amplitude). Is it possible to reconstruct the original wave
elevation data with this plot?

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

all 1ol

time=elevation[:,0]

'L\»w.«e,a‘(,\) b ©

e(:uc. -
L ) ()
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In [24]:

M | #importing needed Libraries

import numpy as np
import matplotlib.pyplot as plt

amplitude, Ai, [m]

169

144

121

-
o

o
®

o
o

0.4 9

0.2

0.0

In [38]:

In [39]:

[

vna‘b SP“&“A' QUTOR- \/0,‘(

#reading and plotting wave elevation measured data
elevation=np.loadtxt( 'elevation vs_time.txt")
time=elevation[:,8]

elevation=elevation[:,1]

n_points=time.size

plt.
plt.
plt.
plt.
plt.
plt.

elevation, z, [m]

s
.

plot(time,elevation)
x1im(@,288)
title('elevation vs time')
xlabel( " time, t [5]")
ylabel( 'elevation, z, [m]")
show()

elevation vs time

T T
75 100 125 150 175 200
time, t[s]

(=]
Pl
LA
=

M | fft_mag=np.abs(np.fft.fft(elevation))*2/n_points

fft_freg=np.fft.fftfreq(n_points,time[1]-time[@])

plt.
plt.
plt.
plt.
plt.
plt.

plot(fft_freq,fft_mag)

x1im(8)

title( amplitude vs freguency”)
xlabel( ' frequency, ¥ [Hz]")
ylabel( 'amplitude, [m]")

show()

FFT - amplitude vs frequency

00

0.2

0.4 0.6 0.8 10
frequency, f, [Hz)

Prof. Milan Stanko (NTNU)
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Flow assurance considerations in
hydrocarbon field development and

planning

Prof. Milan Stanko (NTNU)

Issues

RESERVOIR PIPELINES

ASPHALTENES
S[CALE
HYDRATES
WAX
EMULSIONS
FIV
CORROSION
SLUGGING

|
EROSION

* microorganism growth

Naphtenates

Foam

PROCESS
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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.

i 180 Dew point line
160
Hydrate 140 - Hydrate line

2| Risk E 120 ..5.3

= = =

3 No Hvd g 100 g

o o Hy rate Ew >

o Risk "
40
20

E 0 . - .
Tem peratu re 90 700 S50 00 10 10 30 50 70 90 110

Temperature, *C

liquid

e

liquid+vapor

pressure

o
Temperature

Paraffins (C18 - C36)
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Oil viscosity versus temperature chart
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Formasjonsvann Seawater
Scale e e

MNa 14 800 Na 10 680

K 520 K 396

Mg 13 Mg 1279

Cca 378 + ca 409

Ba 410 Ba 8

sr 228 sr 0

Fe 58 Fe 0

cl 23 600 cl 19220

S04 0 S04 2689

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

Ca*> +COF =CaCO,(s)

S pd .
BaSO, CaCO, NaCl ™
d

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

LAH: Level alarm high

LALL: Level alarm low low
LAHH: Level alarm high high

T

N Fo C ikl dor abey bedleg
_’L -/
w1y //M:':

NLL
d‘\ ‘Ww LAL

AL

\
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

FERETE SN
AR PN
3o e\
\ \‘\“‘i\“

SRHRRY

/4

21

Oil-water emulsions

w(
LT

Emulsion viscosity, i, [cp]

‘Water in Oil
dispersion

Inversion point

-0 oilin Water
| dispersion

4

0.20

0.40 0.60 0.80 100

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
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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
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Injection of production chemicals subsea

uwbiliol

(SDU hyte, o‘ufnkk\h wu't

33

Injection of production chemicals
H]oro(

17
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Inner Sheath

Dual layer armour package

Figure 3 - Umbilical Cross Section Example

/ Quter Sheath

Umbilicals, injection of production chemicals

35

Umbilicals, injection of production chemicals

18
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Release and disposal of chemicals
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X-mas tree template

X-mas traa tamplata

SUBSEA

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

‘e 4
s

5 1/8” Branch

N 2%
" Valves
Remote Actuated ROV
Valves 4 Panel
10 Main Header
Pigging Loop Isolation Valve /
39

CONNECTION TO
UMBILICAL

6”7 Branch Line '

Remote Actuated

ROV yuulk bore
Valves

Y 4 Panel comedor
10 Main Header

Pigging Loop Isolation Valve

40
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| % - %@scv
=8 T’ﬁ% o o
*D‘g o

annulus bleed

[ J:\_/l | g hvll\.—b‘c
Y0 scssv . I | Comector

41

Injection of production chemicals in well

wehwler
Ze (c;‘v‘ L3) \"'50

r o

S

—_—
/77744444
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/_ ?hl Ml\'\\}

'\i’f'“wb (A\'C

(e,b . .\(‘N‘L )

hinbo,

M ‘V(«k'\
wandie|
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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
Valves
2 CI
e Valves
Remote Actuated P _ b ROV
Valves R L b 4 Panel
10 ” Main Header i s
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
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Most analysis on flow assurance problems require to compute distribution of
pressure and temperature along the pipe

A e Us (T Tt
o v

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

O -
1

'\\% cre)) ch\h From innermost: forced convection, conduction in pipe, conduction in insulation, and 1) conduction in soil or
- —

< - 2)dree civection with seawater

/

' LSorL(‘wrM or ) ~ skl Lashog ol gl
: '\ 7 — $e= e Transient problem!
' - — i (e poldhe
=, 7 T —twd Hg,f\,‘p )
o \‘ k\ =t ekl

/ — ]

~ { I R
\ i‘“éﬁ N

j WLL — 3 ro f\J(LJ

A clever solution proposed by Ramey

Wellbore Heat Transmission

H. J. RAMEY, JR. MOBIL OlL CO.
MEMBER AIME SANTA FE SPRINGS, CALIF.

When the temperature of the formation is changing, U, must be substituted by the transient overall heat
transfer coefficient Ugt), defined by:

b= Uy * kagit 021
f Ko + Ting U, f&)
,\ En.0-22
(t)= —In( = j -029
! 2 y Eanil * t
don = ksnir o023
ol Paoil 'Cp‘soil

Where:
kyy  Thermal conductivity, soil [W/m.K]
G ool Specific heat capacity, sail [J/K kg
@it Thermal diffusivity, sail [m?fs]

t Time [3]
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It is important to make an order or magnitude analysis on the

N
terms that make up the U and determine which one are most

T; i
r-lnGh  rIn (529
Ui ﬁ_ kp Kins Tins,o h,
N~— —~—— _~
L gt b wbbln  sgnchraf anfbbe, W
be low VR cutelulon
Codwluhion
7y 11| &5
T IS

CHECK APPENDIX C and D of compendium!
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Production optimization

Prof. Milan Stanko (NTNU)

*Chapter 3 of compendium

Production optimization — what is it?

* Detect locations in the system with abnormally high-pressure loss and

flow restrictions P
N\
?

(F——=C2 L

=M f
> S — —.
lanlae By
iy
» i: ?\1
0o

o wiogly Jergred (e5. Qo) Tny o)
o g, scele ) sond
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Production optimization — what is it?

* Verification of equipment design conditions vs actual operating

conditions

12,000.0 -

10,000.0 050\\
€ o \
£ 80000 - J‘”\G\D\u
k] A..“'*\n\r AN
2 65,0000 g &
Q OF00. AN
o ._\D N
£ 4 1 *8 AN
E‘ ,000.0 Nx 6
] X,
[-% %

2,0000 -

0.0 | | | |

—0—110% Ndesign
—0—100% Ndesign
—&—90% Ndesign
—0—80% Ndesign
—70% Ndesign
@ op points
effic [%] 66
effic [%] 70
effic [%] 73
effic [%] 73
effic [%] 74.5
1

000.0E+0  100.0E+3  200.0E+3  300.0E+3  400.0E+3  500.0E+3

flow rate at compressor inlet, [m3/d]

subsea G mpie sso(

Production optimization — what is it?

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

Identify and correct system malfunctions and unintended behavior
Analyze and improve the logistics and planning of maintenance,

replacement and installation of equipment or in the execution of field

activities.

analytics?)

Review the occurrence of failures and recognize patterns (data
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Production optimization — what is it?

* Calibration of instrumentation

* |dentification of operational constraints (e.g. water handling
capacity, power capacity)

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

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

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

* |dentify bottlenecks

* |dentifying and monitoring Key Performance Indicators (KPIs)

Production optimization — what is it?

* Calibration of instrumentation

* |dentification of operational constraints (e.g. water handling
capacity, power capacity)

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

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

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

* |dentify bottlenecks

* |dentifying and monitoring Key Performance Indicators (KPIs)
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Time scales of production optimization

Shortterm | _ Shorter term __

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

Model-based production optimization: fidelity

“conbrel variebley ! Codnl v&m\b“
L]
ol I
T e
l — \ algorcthn m
voeinhley { Aot
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Model-based production optimization: optimization
“conrel” varieble) ) Codvel vo.mtb"

Y !

ochw\‘\)& "ﬁm
Loop
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Integrated asset modeling (T4m)
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* Years, months

Models are highly
uncertain (limited data)
Models are typically
transient (reservoir
model) but in IAM also

* Daily, weekly

There is data to tune
models

Models are typically
steady state (network,
well, processing plant)

steady-state models are
included

Time scales of production optimization and models

| longterm | Shortterm | Shorterterm ___

* Seconds, minutes,

hours

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

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

11

Maximize recovery .
factor and NPV,

reduce water cut and
GOR

Control variables:

well placement, well
rates, well “status”,
well routing,
“presence” of .
equipment

(processing, ICD)

Maximize oil
production,
condensate
production, gas
production, revenue
How to allocate a
scarce resource (gas
injection, power)
Variables: choke
opening, gas lift rates,
pump frequency, well
routing

Time scales of production optimization and examples

| longterm | Shortterm | Shorterterm __

* Maximize production,

revenue

* Reduce and mitigate

fluctuations

* Variables: @fGity <~ <le

opening, gas lift rates,
pump frequency,

12
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Examples

13

1. (Short term) Two standalone gas-lifted wells

System description "t ,/

" o@m{? oc ///j‘:\
ES,&. 3 ‘ AL('T'LT >APWJ'
) 4*15'.\“' L’i L’/ag"‘\ N

{ L s
_ N’tm;nol' ) A\’}r.chhT o8y
[ p““ M’ObM‘s: AL v A"

4voo i

I —~—— 2
| m g v (e e

whe qﬁ“;‘j. tuenyes ~y fwx - {5‘9 ~ Abﬂwﬁo L
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1. Two standalone gas-lifted wells: modeling
strategy 9%, % +L1- *c:IM
) //\ J'qs e
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1. Two standalone gas-lifted wells: objective
function behavior — brute force color map
sam Ton (45, )+ B (G500

D) ebiat-wre conbinaben
s A Gorg B, 0 o
f\; = 4( )"j) T.““ﬂ_ 7) zvalm.‘é 2 (%Tvm)ﬁvr all
x‘,b’ - )
e - 3)“\\& o htorﬂe ydlow %,,m
A ﬂgﬁi"‘- 2 C o cler Scale
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B \\\‘ \ : o \§
\ tangley 1}%@‘5”-1:‘\) G
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1. Two standalone gas-lifted wells: objective
function behavior — brute force color map

#1I VEE]
import numpy as np
from scipy.optimize import fsolve
import matplotlib.pyplot as plt

M def cLrerf go(a, b, ¢, d,e, ggi):
res —a*np.power{qgi,4)+ b*np.power(qpi,3)+c*np.power(gei,2)+d*qeive Fperformonce curve fitted to 4th degree polynomial
return res

M #gas Lift performance curve ¢
al=-1.9e-7
b1=2.1e-4
cl=-0.6043
d1=3.7
el=12
ai=-1.3e-7
b2=1c-a
c2=-0.028
d2=3.1
e2=-17
Po=6.29%R0
Pg=2/2

17

1. Two standalone gas-lifted wells: objective

function behavior — brute force color map _
g

#BRUTE-FORCE COMPUTING ALL COMBINATIONS
npoints=100

qgi max=200 #[1e@3 Sm3/d]
qgi_wl=np.linspace(@,qgi_max,npoints)

qgi_w2=np.linspace(0,qgi_max,npoints)
gotot=[]
geitot=] >\ e
revenue=[ ]
#computing objective (total oil production or revenue) and
#constraint, total gas injected
for ggil in qgi_wi:
or qgi2 in qgi w2: 0
qol=GLPerf_go(al,b1l,c1,d1,el,qgil)
qo2=GLPerf_go(a2,b2,c2,d2,e2,qgi2)
gotot=np.append(qotot,qol+qo2)*
ggitot=np.append(qgitot,qgil+qgi2) <

revenue:np.append(revenue,(gol+q02)*59:(qgil+qgiz)*Pg) =

revenue:revenue/lea
e v50)

A\
w

kr\

)

g

%

%

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

#CREATING COLORMAPS AND CONTOUR PLOTS OF OBJECTIVE VARIABLE (total oil production)
#AND CONSTRAINED VARIABLE (total gas inmjection rate)
obj_opt=2 #1 if oil rate, 2 if revenue
if obj_opt==2:

obj=revenue

tag="revenue [1e3 USD]"

levels_obj=np.linspace(5®,11@,5)
elif obj_opt==1:

obj=gotot

tag="qo_total [Sm3/d]"

levels_obj=np.linspace(50,216,5)
constr=ggitot
#specifying desired number and range of contour Lines
levels_ggi=np.linspace(196,208,4)
plt.figure(figsize=(1@,8))
#creating mesh of gginl,ggin2 to plot
xi,yi-np.mgrid[qgi_wl.min():qgi_wl.max():npoints*1j,qgi_w2.min():qgi_w2.max():npoints*1j]#ar
#Contour plot of objective function, total oil production
contour_obj=plt.contour(xi,yi,obj.reshape(xi.shape),levels=levels_obj,colors="black")
plt.clabel(contour_obj, inline=True, fmt='%1.ef’,fontsize=12)
#PLot contour of constraint variable, total gas injection
contour_qgi=plt.contour(xi,yi,constr.reshape(xi.shape),levels=levels_qgi,colors="maroon"})
plt.clabel(contour_qgi, inline=True,fmt='%1.8f', fontsize=12)
#plot color map of objective function, total oil production
plt.pcolormesh(xi,yi,obj.reshape(xi.shape))
#axis Labels and plot title
plt.xlabel('qgg inj well 1, [1E®3 Sm3/d]’,fontsize=14)
plt.ylabel( 'gg inj well 2, [1E@3 Sm3/d]’,fontsize-14)
plt.title(tag, fontsize=14)
plt.colorbar()
plt.show()

19

1. Two standalone gas-lifted wells: objective

function behavior — brute force color map

0 go_total [Sm3/d] w\!lt 13 1..-‘,&." WWM’Z i(}C(’(&V\C:
N Town =205 W Tqe rem WA
Aequ = Looed S

conbour f(o't ~ Jom ol (:ornh with a b
- tnt bome e sone Topm,

qg_inj well 2, [1E03 Sm3/d]

) 3 100 125 150
qg_inj well 1, [1E03 Sm3/d]

20
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1. Two standalone gas-lifted wells: objective
function behavior — contour lines

qo_total [Sm3/d]

200

Q 150

(]
100
50
0
L]
150 175 200

0 3 50 7 100 125
qg_inj well 1, [1E03 Sm3/d]

qg_inj well 2, [1E03 Sm3/d]

21

1. Two standalone gas-lifted wells: constraint
V‘W 5‘\) (A"d*
v

\ - ‘ qo_total [Sm3/d] 1‘5 ?*3 Toay >/ 46"‘3\ 1 qikit
) g N~ ———————
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\ X 4 3 = co-.r)'n‘\'
= cot
g - EE s
E s
£ X tewnn T} constreined
.'i 100 P - ) Wy\m I-I' ConjVMnInL
E
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qg_inj well 1, [1E03 Sm3/d]
fouxbe aree Lonly ot eurth oy LAY
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1. Two standalone gas-lifted wells: constraint
fotel 923 ~vailably
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1. Two standalone gas-lifted wells: change of
objective function

qo_total [Sm3/d]

revenue [1e3 USD]
200

175

75 100

o]
S

150

_— [ 80
& us & 125
m m
o o
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2 0 = 10
o~ ~N
T T
z H
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gl “‘ g
50 50
20

50 i3 100 125 150 175 K 100 125
qg_inj well 1, [1E03 Sm3/d] qg_inj well 1, [1E03 Sm3/d]

150 175 200
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2. (Short term)Two gas wells in a network
System description
3’(""“” Cadn well ‘:rorllad Jone

ot ! 9- /\J\'___@ Condagole
Ba— con, =0

o 1:‘&“;‘:1- Cet, = aOn 3910
— | Tk 3
bn‘ 6‘ " manimize 15'"“"} “V@\VQ) C’Juc\
Uyeo A~ om"m‘«h M ﬂS“ S ﬂsw
Pn,_ \) b W’(
T s proibn.

25
2. Two gas wells in a network — modeling approach
Dry 443 C?A“V‘.\ R ﬂf‘, =G (Pal ‘ow )“'
% -(":.f_ RN
e’ L) ! (o) .
a. P;,,z- p.:L 6.5(4,_ B8, y 1 ﬁg
5- ( ) B ‘rj b f:?fé,
15 - | (Ah,t.,“ ) ALOLWL) | IR N D wpele
Dou. Bhe, ) "_\ _\ _l
Slgl\»‘wkd _ L L q_ — —
peree abeot nedr |— T8 o ‘
fiep — e — % o (™R
“‘)’A‘- ) C{ll' ("1
leoal'cr.,CrL %’Afv'\ solver
$,54, Ca, Ceay )’(p\_ Sceb.wnw».f}e.
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#IMPORTING NEEDED [TBRARTES

import numpy as np

from scipy.optimize import minimize
impert matplotlib.pyplot as plt

#FUNCTIONS @

def IPRgg(CR, n, pR, pwf)
a = CR * np.power((np.power(pR, 2) - np.power(pwf,2)),n)
return a

def IPRpwf(CR, n, pR, qg):
a = np.power(((np.power(pR, 2) - np.power((gg / CR), (1 / n)))) , @.5)
return a

def Tubinggg(CT, s, p1, p2):
a = CT * np.power((np.power(pl, 2) / np.exp(s) - np.power(p2, 2)), @.5)

2. Two gas wells in a network — modeling approach

H#AUTHOR: MILAN STANKO, NTNU, COURSE: TPG4236 Qdk

puh=Tubingp2(cT,s,pwf,a8) €—(D)
return pwh
“L;L\
v_WPR_pwh=np.vectorize(WPR_pwh) / g 1‘,;,[1)'

\

return a
def Tubingpl(CT, s, p2, qg):

a = math.exp(s / 2) * np.power((np.power(p2, 2) + np.power((qg / CT),2)), ©.5)

return a
def Tubingp2(CT, s, pl, qg):

a = np.power((np.power(pl, 2) / np.exp(s) - np.power((qg / CT), 2)),8.5)

return a -
H#WELLHEAD PERFORMANCE RELATIONSHIP P y (1L §| f}
def WPR_pwh(pR,CR,n,CT,S,qg): @ w?a ”—'l\( (1 , T

pwf=TPRpwf (CR, n, pR, qg) &= =

Ly Cﬂv ﬂb C}L | gﬁ I )
A} v A

27

def Linegg(cfl, p1, p2):

X <
def Linepi(cfl, p2, qg):
a = np.power((np.power(p2, 2) + np.power((qg / Cfl), 2)),0.5)
return a
def Linep2(cfl, p1, qg):
a = np.power((np.power(pl, 2) - np.power((qg / Cfl), 2)), ©.5) 0‘
return a ! CFL . fi’ q" LY
~e P, (0. ! ~\ b
v_Linepl:np.vectorize(Linepl)-‘/ CFL‘L P ' % 1LY
#REQUIRED PRESSURE AT CHOKE DISCHARGE CALCULATED FROM SERARATOR FOR ALL WELLS

def pwh_REQ(Cpl,Cfl,psep,qg): =
pj=Linepl(Cp1,psep,np-sum(qg))4—@
pwh=v_Linep1(Cfl,pj,qg) ¢ (3
return pwh (;>

def error(gg,pR,CR,n,CT,S,Cpl,Cfl,psep,DP):
pavail=v_WPR_pwh(pR,CR,n,CT,S,qg)
preg=pwh_REQ(Cpl,Cfl,psep,qg)
a=pavail-DP-preq
a=np.power(a,2)
return np.sum{a)

2. Two gas wells in a network — modeling approach
1§:Cﬂ_ (?‘7_‘)‘:)0..5
ie:uﬁila* np.power(np.power(pl, 2) - np.power(p2, 2), ©.5) \ t

28
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proach

2. Two gas wells in a network — modeling a

0|
wh_fh (B Do,
def Linegg(cfl, p1, p2): b
a = Cfl * np.power(np.power(pl, 2) - np.power(p2, 2), ©.5) /,

return a

def Linep1(cfl, p2, qg):
a = np.power((np.power(p2, 2) + np.power((gg / Cfl), 2)),08.5)
return a

def Linep2(Cfl, p1, qg):
a = np.power((np.power(pl, 2) - np.power((qg / Cfl), 2)), @.5)
return a

v_Linepl=np.vectorize(Linepl)
H#REQUIRED PRESSURE AT CHOKE DISCHARGE CALCULATED FROM SEPARATOR FOR ALL WELL
def pwh REQ(Cpl,Cfl,psep,qg):

pj=Linep1(Cpl,psep,np.sum(qg))

pwh=v_Linep1(Cfl,pj,qg)

return pwh

def error 1,cfl ) crulele 0“"“&‘:l: lvu":': 4

ef error(qg,pR,CR,n,CT,S,Cpl,cfl,psep,DP):
pavail=v_WPR_pwh(pR,CR,n,CT,S,qg) ‘_/“\ld"k Q \ lv"’L\], e‘ﬂ"li —Np‘ 2 o‘Jl\L
preq=pr_REQ(Cpljcfl,pSEp,qg) :cq' 2
a=pavail-DP-pre
a:gp.power(a?z)q} SN~ > elror :Q,"J"—A\“ ~PUL )+<ffdl\ _Ab -
return np.sum(a) t ' v (4}

bt )

29

2. Two gas wells in a network — modeling approach

Wi deogis % % vk bt
rec \b
M C\)‘*’\"« - A\fc\ - Pw{\\e?} )Z“' (p"’l"z _A\’c (A v""l"l S')

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

#INPUT DATA

pR1=248 #bara

pR2=210 #bara

pR=[pR1,pR2]

CR1=1000 #sm3/bar2n

CR2=700 #Sm3/bar2n

CR=[CR1,CR2]

n1i=e.8

n2=0.75

n=[n1,n2]

$1=0.43

$2=0.34

s=[s1,52]

CT1=38152 #Sm3/bar2

CT2=41163 #Sm3/bar2
CT=[CT1,CT2]

qe=[10,1@] #initial seed for well rate sm3/d
Cpl=49406 #Sm3/bar2
Cfli=7e152.7 #sm3/barz
Cf12=69883.2 #Sm3/bar2
cfl=[cfl1,cf12]

psep=68 #bara

CGR1=0 #Sm3/Sm3

CGR2=1/3000 #Sm3/Sm3
CGR=[CGR1,CGR2]

P0=6.29%80 #oil price USD/Sm3
Pg=1.5/8 #gas price, USD/Sm3

31
2. Two gas wells in a network — modeling approach
#BRUTE FORCE SOLVING ALL COMBINATIONS N)(,\, O Ahl o
npoints=20 -
DP1max=150 #bara -_"___________—-—--"“"" -
DP1=np.linspace(@,DP1max,npoints)
DP2max=150  #bara

DP2=np.linspace(@,DP2max,npoints)

ggtotal=[] ~

gctotal=[]| ~

qg1=[]

qg2=[]

for dpl in DP1:

for dp2 in DP2: ( CL

¥=minimize(error,qg,args=(pR,CR,n,(T,S,Cpl, l,psep,[dpl,dpz]),method:‘rlelder‘—lﬂead‘)NL;\V@ £ yaes
ggl=np.append(qgl,x.x[@])
Gg2=np.append(qg2,x.x[1])
gctotal=np.append(qctotal,np.dot(CGR,x.x))
qgtotal=np.append(qggtotal,,np.sum(x.x))

revenue=qctotal*Po+qgtotal *pPg

#converting output to millions

el ek o] el 5, ]
qg2=qg2/1e06 v @
) (

qgtotal=qgtotal/1e06

32
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2. Two gas wells in a network — plotting

#CREATING COLORMAPS AND CONTOUR PLOTS OF OBJECTIVE VARIABLE
#AND CONSTRAINED VARIABLE
obj_opt=3 #1 if revenuve, 2 if gas, 3 if condensate
if obj_opt==1:

obj=revenue

tag="revenue [le6 UsD]’
elif obj_opt==2:

obj=ggtotal

tag="qg_total [leé Sm3/d]’
elif obj_opt==3:

obj=qetotal

tag="qc_total[sm3/d]"
const_opt=1 #1 if well 1 gas rate, 2 if gas rate of well 2, 3 if total gos rate
if const_opt==1:

constr=qgl
elif const_opt==2:

constr=gg2
elif const_opt==3:

constr=ggtotal
plt.figure(figsize=(18,8))
#creating mesh of DP1,DP2 to plot
xi,yi=np.mgrid[oP1.min{):0P1.max() :npoints*1j,0P2.min():0P2.max() :npoints*1jleanother option to this is to use X,y=np.meshgri
#Contour plot of objective function
contour_obj=plt.contour(xi,yi,obj.reshape(xi.shape),4,colors="black')
plt.clabel(contour_obj, inline=True, fmt='%1.17',fontsize=12)
#Contour plot of constraint
contour_constr=plt.contour(xi,yi,constr. reshape(xi.shape),4,colors="maroon’ )
plt.clabel(contour_constr, inline=True, fmt='%1.1f",fontsize=12)
#plot color map of objective function,
plt.pcolormesh(xi,yi,obj.reshape(xi.shape))
#oxis Labels and plot title
plt.xlabel('DP choke 1,0P1 [bar]',fontsize=14)
plt.ylabel('DP choke 2,0P2 [bar]',fontsize=14)
plt.title(tag,fontsize=14)
plt.colorbar()
plt.show()

33

qg_total [1e6 Sm3/d]

gas rate

140

120

EIUO 3
g
& @
o~
_?é‘ 2
5 &
VARV &
) }
el ?&\. : 1
QN‘)" " »
0

46 — —6e0— - B 100

DP choke 1,DP1 [bar] B

2. Two gas wells in a network — objective function:

34
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2. Two gas wells in a network — objective function:
gas rate qg_total [1e6 Sm3/d]

=] I~} =
= =] =)

DP choke 2,DP2 [bar]
g

&0 80 100 120
DP choke 1,DP1 [bar]

35

2. Two gas wells in a network LE.‘?IS&E]O‘C constraint:

gasrateorwelll .
2.4€0b
‘,\5‘ < wpes s"?/ol .
JV& ‘o ‘A.-A E-mn
"OJ‘A‘W x \w.utA g a0
e ¥ ug 6 7R
EE R
vt ]
ND‘MWl\ 2 40 : &0 80 100 120
J DP choke 1,DP1 [bar]

36
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2. Two gas wells in a network — objective function:
reve n u e revenue [1e6 USD]

DP choke 2,DP2 |bar]

) ) 100 120 140
DP choke 1,DP1 [bar]

37

2. Two gas wells in a network — objective function:
Condensate qc_total[Sm3/d]

DP choke 2,DP2 [bar]

20 ) &0 80 100 120 140
DP choke 1,DP1 [bar]

38
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f“ -1 s
14

qc_total[Sm3/d]

DP choke 2,DP2 [bar]

20 0 ﬁh 80 100 12;0
DP choke 1,DP1 [bar]

140

140

120

&

g
DP choke 2,DP2 [bar]
-]

8

100

2. Two gas wells in a network — effect of depletion

eﬁp: 150 ber

qc_total[Sm3/d]

300

150

& 100 120 10
DP choke 1,0P1 [bar]
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3. (Long term) Field planning: effect of plateau rate
and well number on NPV

40

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

The NPV function:
Where, for year «k»:

Rt

forv = ) Grg o7 Rty = Revenuey, — OPEX), — DRILLEX), — CAPEX;,
k=1

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

" acion | Adwnages | Disduantages |

Higher HC rates during Gives higher revenue Gives higher cost

early times (CAPEX, OPEX)

Drill more wells Allows for higher rates, Gives higher cost
extends field life (DRILLEX, CAPEX, OPEX)

41
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3. Field planning: effect of plateau rate and well
number on NPV

Variation of NPV with plateau rate and number of wells:

Nwelis —» Qoilp —»

Choosing between rocks, hard places and a lot more: the
economic interface

Heige Hove Haldorsan

42

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

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

decline 5 .
* Constant hydrocarbon price B &
* All wells are pre-drilled and available from start '§ 5,_," -
* Decision variables: plateau rate and number of wells ao —

time

OTC-28898-MS
A Cost Reduction Methodology for Offshore Projects

G. C. Nunes, Ric Petrolec Consulting Group; A. H. da Silva and L. G. Esch, Universidade do Estado do Rio de

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

CAPEX s = 33056 WEIGH T s +5-10°

: WETGHT, e = 16500+
. —(qm 1)-i  —(m) r+(qpp° 1)
m+i-m-e \%f

(:()A’ GOR GOR )
NPV P m_ i-e D, neg, OCI]+ [00|+ ) v T10.005+ T IO.]{_'I‘.._,. +_\'.,_,:‘]J
rev = Ipf "Fo i-(m+1) CAPEX ., =200n-g, +20-10°
CAPEX .o, =2 44’{)uu+x:sum:+<2|’2f
CAPEX,, =, 1576833+ 430m, b+ 321281,
_ {9ppo 1 ] _ =
p=|—=—1]-— CAPEX , = 22.10° US$/ XTree
Ap.f m CAPEX,, =32-10° USS / manifold
CAPEX, i.,—[ £y + (14 300+1,625 3, |- Cpy
AN o =| e 2 o
CAPEX, 0 = 130-10°
Tppo = Nuette *J * (05 — Puopmin) CAPEX, 3, = nl 5010+ 1, 150 -10°
B,

A=

[N-B .(ca+54+cﬁ)+l! g B - [cw+r:;:}]

Page 116 of compendium

44
\ —
The NPV function as a colour plot (function of both plateau rate and number of wells)
9'\\) éot /_—l—-\
NPV [1E6 USD] 1.
4000
300 3500
E 3000
250 L
8
=
J‘E G 2500
%%
B
© 2000
O -
)
i 150
@ 1500
o
100 1000
" 1 13 14
Number of producing wells

45



TPG4230 - Field development and operations Page 244 Prof. Milan Stanko (NTNU)

30.03.2020

The NPV function as a colour plot (function of both plateau rate and number of wells)
NPV [1E6 USD] NPV [1E6 USD]
4000 | 4000
300 3500 300
3900
g 2000 «Zoom in» §
250 250
§ _§_ 3800
i 2500 P
] il
5200 3200
B 2 3700
] 2000 2
£
i 150 i 150
1500 3600
100 1000 1
3500
10 " 1 13 14 15 X
Number of producing wells MNumber of producing wells
Sweet spot: 12 wells and 212 000 stb/d
46

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

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

47
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4. Active choking to prevent well slugging

Al daptha rwler o FRCE
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Figure 12: A-21 well test May 11- 12, 2001: Test separator oil rate
[sm¥h]

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.
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4. Active choking to prevent well slugging

) i
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: Iy ”

50

40 |
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Figure 12: A-21 well test May 11- 12, 2001: Test separator oil rate

s gf'h] Figure 10: A-21 well test May 2001: Down hole pressure [bar]
m

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.
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Operator input

Tubing

Annulus

4. Active choking to prevent well slugging

Active Well )
Controller
7

VW

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

50

Brage Active Well Control Fieki Test (0 hours = 27-Aug-2001 13:21:68)

® ANt eyt bl s
Ahbnd b ,,'-‘-l,"\ VWi ¥ %
f)’c!ﬁ’""\'! v 1!\“ '
20 by ' t

o

[
(] 2 4 [ 8 10 2 14 18 18 20

Time [hours]

Figure 20: Test separator oil rate [Sm3/h] and test separator water
rate [Sm3/h] (four hours moving average) corresponding to the
downhole pressure and the choke opening in Figure 18 and

Figure 19 respectively.

4. Active choking to prevent well slugging

Brage Active Well Control Field Test (Day 0 = 24-Aug-2001 07.58.00)

28 285 E) 205 0 305 31
Time [days]

Figure 21: Choke opening [%]. As a test, the well is operated
manually for a period of time, resulting in constant choke opening.

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.
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Optimization types [ty Adany” 3o
1z »—Q' ! VAAITVAA-
-

. . . ~odel
* Parametric (static) — using a model 4~ e

* Dynamic (control) — using a model, physical system, or a

combination of both " ; 3 ~‘. T:t
Optimization problems lLMZ]
louy
* Linear -

* Non-linear

* Integer (es ™ ls)
* Continuous

e Constrained

https://en.wikipedia.org/wiki/Simulation-based optimization

52

Optimization methods

* Simplex M1

* Derivative-based (gradients, i a/;,
hessians)

* Line search/ Trust region —

* Heuristic

53
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Examples

54

Fariable non-negativity: 20, x 20
[ bjective Functione
Maximize daily profit Moz =15x +10x, X2
Constraints:
Wountain bike production limit: E )
Racer production lim t: g &3
Metal finizhing m achine produ dion lim it Ktx, 4
x1
First let's look at the constraints.
Press the Start button to begin
[ T e T ]
http://optlab-server.sce.carleton.ca/POAnimations2007/Graph.html
55
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Simplex
ariable non-negativity: xn 20, x 20
»bjective Functionz
Maximize daily profit: Max z=15x +10x
' ! x2 xl<g2
Constraints:
Mountain bike production limit: nil x2<3
Racer production lim it: xy &3
etal finishing machine produdion lim it: ntrid
xl+x2<4
x1

x1>0,x2>0

Recall the graph of the feasible region from the Acme Bicycle Company
problem. Press the Start button to begin.

—
>>

htto://optlab-server.sce.carleton.ca/POAnimations2007/TwoPhaseGraph.html

56

Branch and bound

Maximize 2 = 8x +ir,
Subject to:
¥ otx LA

QOp +3x, £ 45

3. Xg are integer and non-negative.

Let's look at a graph of the above problem.
Press the Start button to begin.

—
F———

http://optlab-server.sce.carleton.ca/POAnimations2007/MILP.html
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2500
2000
1530‘}

'JDZ':-‘I

500 |I ?}. 8
o &
:I.I'l\-“\,

”:o\\\ Hx""'“- -

-
., 1%
11];\ =" 1
v s __,-’”’ gy
o« \\_r-"'- PP
=05 L5

=14 :,n-

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

58

x; + Ax is a local extremum if:

Vi(x+Ax) =0

Taken from Arnaud Hoffmann

Newton

59

2500

ELL ||

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

X + Ax is a local extremum if:
Vi(xy+Ax) =0

Vf(xk) + H .Ax = ( (Taylor expansion)

& & af ]
922 Omdz,  Br0m,
& &y 5 f
H(f) fr,0z) a;g Oz dzy

g &5 a5
| 9,0z,  Ordry

oz

Taken from Arnaud Hoffmann

30.03.2020
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Newton

x; + Ax is a local extremum if:
Vi(x+Ax) =0

V]c(xk) + H .Ax = ( (Taylor expansion)

000

o o 7 ]
4 Bz'f Oz Oza 8z Ozy
= | | o 2 9 f
e i or dzy02) E Oz dzy
500 |I Q}' H(f) 2
LI . .
= . . .
S - P’
a0 S o 2 *r & i
13 - 7 -
5'”:.:\\ __/-""'.u’:l ns ™ L Oeady Oeades och
N_":\_r-"'-- PP
Ax = —H L.Vf(x;,)
https://jamesmccaffrey.wordpress.com/page/2/

Xp41 = X + Ax

60

Taken from Arnaud Hoffmann

Newton

show solution = ||| W

solution method = QuasiNewton

show colors

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

11
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Nelder-Mead

10

9

0 1 2 3 4 5 6

7

8 9

10

http://195.134.76.37/applets/AppletSimplex/Appl Simplex2.html

EREIRAS

62

Genetic algorithm

generation I

population
surface
view

color

Rastrigin sinc exp Rosenbrock
2D 3D

gray hue

20

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

63

12
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Pattern search
Ly
0.5
0
-0.5
l
5205 0 05
d
https://en.wikipedia.org/wiki/Pattern search (optimization)

64
Piecewise linearization x [ [
9: $(x) P i r ] (09):
’ S ot e | v b yetes,
Prece-wit Livear X3 ‘_')}
-——-—-Aa‘m‘. nol\-lrn-r x“: ‘j\‘
b xg ' Js 9% %4 (33 -Jin Y
K]‘Xig.

% “x
X

*a wwil' W‘\:j “i ““ ((Ojlbt ofw.‘w) “r Con 0)&,“’ wark

3

Y °

65
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Piecewise linearization [
y 1 Xz X, 44 % kX by s Xs

("5135)
(Xb\ b: Z, 5. "’%L b; 4 1‘333 + 2‘1314 2535
' (
3 »; ( f f
(m‘ol,) 6‘) ’) | 2 U a SoS2 sk adacencyy oo dcbon

o) Ru=l 1 ire oy in

A Wb X is > ot <t (-1 a- b #0

66

Handling constraints

* Lagrange multipliers
 Barrier functions

67

14
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Handling constraints

* Lagrange multipliers
* Barrier functions

68

Lagrange multipliers example: Constrained gas-lift
optimization (single well)
ot wariwe—
jﬁv = ‘[(A&ﬂ) cewle (ﬂvy—\sg {\«-«,Lo\
% € Tgenl Lag) = 10) - X (435~ Fomt) % P
%5e;
441(15-«;) A zo 9 "t"@"‘i);A .
A Siay A%ens
" % ! "wo .\ourﬂ 4
shidd b AyO — ==
(g - G50;) =0 Yo L O
P, (qswm I™i
M)
ﬂgu‘qi S'ﬁ'jmm_ g ,[55“1 -
qgc.i C 15,,,,'_

69
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Lagrange multipliers example: Constrained gas-lift
optimization (single well)

® Moo

) (1§tom - k“‘]‘ Y
a‘{m‘u: k“"i

%._"i)— N % //—\
A% '

70

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

H .
q; = a{(ﬁth C'N" wl[‘\ . M : N2
ey L p) )) 3 L(ﬂse‘\i): ?“;(13“..‘) - ) ({2:143"] - 45 IOW-)

N
O %5 S Hom
it : ) MARIML—~— 1S achve. when VL:OQ _Q_L;_:o

&nwb with "'xll(/* b t'i," aaSMJ '
A  nao o b))
2 % 2 %5;

M
X0 N (ﬂs'mm - Z' ﬁ“i) =0 A5 Y é %

()

71
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Lagrange multipliers example: Constrained gas-lift
optimization (multiple wells)
wo
L possible solofns 2, @ A= o t_Z'a‘i']' <Bom beee 35 oomh 5

<9

'Lf -\ll, Mu& ‘o k T"&v AR MU~
?*{:_("‘5'3) -0
2 %
N
® N0 all gey 1 wied s Vo = A5 r0m
(]
all walls wu °p¢M‘t of e sone Jnj»di!

?1[;(%5'5)_)
o PR

72

Handling constraints

* Lagrange multipliers
* Barrier functions

73
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Handling constraints: barrier functions

‘ o i ok )

,((:)1 x> ! x<b
&) ﬁ

IOYRIA o x>l

o ‘oﬂ\‘b’t k) :/‘l %(x-‘,)

/C\‘_’ * w1y sl ke

74
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Examples of static
optimization

75

Solver Parameters

Set Objective: |( )

To: @ Max O Min O Value Of: 0

By Changing Variable Cells:

subject to the Constraints:

Add
Change
Delete
Reset All
Load/Save
Make Unconstrained Variables Non-Negative
Select a Solving GRG Nonlinear T ~ Options
Method: l.

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.

Help

»

I+

Oplﬁ«.'}‘l\h ‘\rw‘c.'l'iu
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Setting up the optimization: optimizer «outside»
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Setting up the optimization: optimizer «outside»
the model
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Setting up the optimization: optimizer «outside»

the model fe hoo loogy ot sobvd segabally
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Details on optimization setup
* Model + optimizer together
A 11 o 1, fq')_ - £
‘. - - q’l
t’b cLusnj '(:',4’-1‘1-,41 4, - — 4

shivd b cband: £:=0

z 1
(R0 - 1a,4)] + (B0 R (n8)] =0
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«Black-box» optimization (optimizer outside)
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Effect of optimization
formulation
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2. Two gas wells in a network — Optimization with
DP choke b (%)
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2. Two gas wells in a network — Optimization with
gas rates

.
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2. Two gas wells in a network - Differences when

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

W q.l,}ﬂ.t._@” Lreer pNUb.\Z
ﬁv'olv(} {o i‘ S q""’\p
azsﬂ:'“"an
1,<97-61%,

86



TPG4230 - Field development and operations Page 265 Prof. Milan Stanko (NTNU)

30.03.2020

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

#ESTIMATING FEASIBLE OPERATING REGION, qgl, qg2

gqg1=[]

qg2=[]

dp2=0

DP=np.linspace(250,0,10)

for dpl in DP:
x=minimize(error,qg,args=(pR,CR,n,CT,S,Cpl,Ccfl,psep,[dpl,dp2]),method="nelder-Mead")
qgl=np.append(qggl,x.x[@])
qg2=np.append(qg2,x.x[1])

DP=np.linspace(@,250,10)

dp1=0

for dp2 in DP:
x=minimize(error,qg,args=(pR,CR,n,CT,S,Cpl,Cfl,psep,[dpl,dp2]),method="Nelder-Mead")
qgl=np.append(qgl,x.x[@])
qg2=np.append(qg2,x.x[1])

plt.plot(qgl/1e@6,qg2/186)

plt.xlabel('qg wl [1le6 Sm3/d]',fontsize=14)

plt.ylabel('qg_w2 [1le6 Sm3/d]",fontsize=14)

plt.xlim(@)

plt.ylim(@)

plt.show()
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2. Two gas wells in a network - Differences when
formulating the problem
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3. Well routing — class exercise
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3. Well routing — class exercise
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3. Well routing — class exercise
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3. Well routing — class exercise

| ‘Solver Parameters

E10 . fe =SLIM{GS:G9)
A B c D E £ c 561 Objective: sEsidl
1 PRODUCTION OTIMIZATION A -
) pax ) yale of
2 5 Well Optimization Problem = s
3 Well Do wc GOR qo ag aw By Changing Variable Cells:
35804
4 Sm3/D | fraction Sm3im3 Sm3D | Sm3/D | Sm3D =
5 1 636 0.20 142|  6356| 902552 1589 S4biect 10 the Consrains:
6 2 795 0.43 214] 698.1966( 149134.8( 526.7097 R ot
7 3 a77 0.31 267 50 13350| 22 46377 56610 «= 58315
16810 <= tHE1e Lharge
8 4 636 0.47 356 50/ 17800| 44.33862
9 5 318 0.10 249 50| 12460| 5.555556 i
10] qototal [Sm3/d] | 1483.797, 283000| 757.9687 —
1
12 Constraints Separator § L.
y . . . [ maske Unconstraned Variables Nan-Hegatre
13 |qo Mo Limit  Sm%d Maximize oil production
14 qw 795 sm'a z:hn“::snhﬁﬂj Simplex P Optians
15 ag 283.0E+3 smd
. 3 Sahing Method
16 qo min 50 Sm'id Select the GRG Manlmear engng for Seiver Problems that are smaoth nonlinear. Salect the LP Senplay
17 engine for linear Salver Prablems, and sehect the Evolutionary engine for Solver problems that are
HOA-SMeoth.
18
19 =
20
21 ' '
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Optimization types

* Parametric (static) — using a model
* Dynamic (control) — using a model, physical system, or
a combination of both

https://en.wikipedia.org/wiki/Simulation-based optimization

93

Dynamic optimization (control)
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Dynamic optimization (control): gas-liquid separator
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Dynamic optimization (control)
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Dynamic optimization (control)
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Dynamic optimization (control)
140 f
100t
_f.:]
60 ¢
20
s
20 60 100 140
(5]
Practical extremum-seeking control for gas lifted oil production — Pavlov et al
99

Dynamic optimization (control)
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Practical extremum-seeking control for gas lifted oil production — Pavlov et al
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Limitations and pitfalls

* Model fidelity
* |s it actually possible to change the
decision settings?:
* |Is the equipment/actuator
functional and available?
 Am | allowed to operate the
control element?

 Actuator response time

101

Limitations and pitfalls

* Flat peak of optimum- more efforts
give less res

145,

12a0.

L1004
$ million

8C. +

60,4

Tubing Diameter {(cm)

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

102
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Limitations and pitfalls

Local optima
Starting point
* Running time
Short term versus long term optimization

(Khan academy)

103

Limitations and pitfalls

* Short term versus long term optimization

Maximize NPV
By changing q,(t)

Figure 3: Permeability (left) and p ity (right) distributi of the south wing.

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

104
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* Short term versus long term optimization

NPV (USD)

1 1 L L
0 500 1000 1500 2000 2500 3000 3500
time (day)

Figure 4: Normalized NPV of the long-term optimization (red) using adjoint-based optimization and short-term optimization (blue) using
reactive control.

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

105

* Short term versus long term optimization

1200 : : :
1000 =
800 1
=
@
T 600 1
o
E —
@ 400F 1
: i_r:j
200f 1
ST
or —WM, lambda=0.1
—LT
_200 L 1 1 L L 1 L
0 500 1000 1500 2000 2500 3000 3500
time (day)

Figure 9: Oil rate from production well PROD3 using different strategies; reactive control (blue), adjoint-based optimization (red), and the
weighted-sum method (black).

106
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Final advice:

* Do we REALLY need to do optimization?

* Think carefully what is the main, most
important, first order of magnitude
problem

* Define objective, constraints and variables

* Determine relevance of constraints

* |s it realistic to modify optimization
variables?

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

* Study how your input affects your results

* Look at the rest of the list first! -

== SLIDE 2

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

- Verification of equipment design conditions vs actual operating conditions

dentification and addressing fluid sources that have disadvantageous characteristics (e.g. high water

cut, high HS content)

- Identify and correct system malfunctions and non-intended behavior

- Analyze and improve the logistics and planning of maintenance, replacement and installation of
equipment or in the execution of field activities.

- Review the occurrence of failures and recognize patterns

- Calibration of instrumentation

- Identification of operational constraints (e.g. water handling capacity, power capacity)

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

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

- Identify Bottlenecks

- Identifying and monitoring Key Performance Indicatars (KPls)

—

107
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Switchboard
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PIV measurement in a radial flow stage

* Flow features in diffuser and impeller may T Efcienc

1

I

be identified from measurements ;
Head }
[}

|

* Flow misalignment and recirculations
reduce efficiency
o i | >
---------------------------- T BEP " Flowrate
55% of BEP flowrate 79% of BEP BEP flowrate
st LAFT Example of stall region in diffuser passage (measured)

SPE-14MEAL-14017-PP-MS » Measurement and Unsteady Simulation of Intemal Flows within Stages + J Dusting
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PENSUM:

o Field development workflow.
Overview — The field development process (ppt)
Production modes
Discounting
Relationship between plateau height and length
Rule of thumb between plateau height and TRR
Bottlenecking
Onshore vs offshore
Qil vs gas
e Field production performance
Dry gas production system: material balance, IPR, TPR, FPR. Flow equilibrium,
production scheduling (Class exercise, Home exercise)
Production potential dry gas system (Class exercise)
Home exercise: Multi-field production scheduling using the production potential
Home exercise: production scheduling in a saturated oil field.
Dry gas networks (class exercise)
Tubing tables (home exercise)
Gap, Prosper and MBAL (ppt, class exercise)
o Coupling reservoir and well and network models
e Value chain model, cost estimation and NPV calculations (Class exercise, Home exercise)
e Subsea compression (Class exercise)
e Probabilistic reserve estimation
o Monte Carlo (Class exercise in Excel and Jupyter notebook)
o Latin Hypercube Sampling — LHS (Class exercise in Jupyter notebook)

O O O O O 0O O O O

O 0O O O O O

e Decision and probability tree analysis (Class exercise in Jupyter notebook)
e Home exercise: quantification of uncertainty in NPV - early field development
e Offshore structures

o Overview (ppt)

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

o Marine loads on offshore structures (Class exercise in Jupyter notebook)
e Flow assurance considerations (ppt)

o General overview

o Inhibitor subsea system. Disposal.

o Home exercise: Hydrate and p and T calculations on wet gas pipeline.
e Production optimization (ppt)

e Introduction

e Time scales

e Cases (examples)

e Algorithms for production optimization

e Examples

e Limitations and pitfalls

e Class exercise
e Electric submersible pumps (class exercise)

Tools:

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

-Sampling with Monte Carlo, Latin Hypercube
-Probability trees

-Optimization

-Marine loads on offshore structures

-FFT

INDUSTRY PRESENTATIONS:

-Subsea transport and processing
-Flow assurance in Aasgard
-Hydrates

-Flow assurance in field development
-Compact separation

Exercise grades:
-To be uploaded in the following weeks

Exam

-Guest lectures are not to be included in the exam

Type of exercises:

-Theory, writing

-Hand calculations and fill results and procedure in Inspera

-Use of Excel and upload Excel file to Inspera. Excel can be run from the local machine or from
examfarm.ntnu.no
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