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Well Pwi{‘ormce, "3 Mideel  Golan

HYDROCARBON
EXPLORATION AND
PRODUCTION

2ND EDITION

Michael Golan/Curtis H. Whitson

WELL

PERFORMANCE

CO"'\()(AAWM k’b ﬂ}\o\n,

Topic Level Exercise Engineering skills Computational Tools
Life cycle of a hydrocarbon field Appreciation NO - -
Gant chart, NPV
Field development workflow Appreciation/ calculations, Spider plot,
-Probabilistic reserve estimation -::cunfigura'ticun,-'r YES decision trees, Monte Carlo Excel VBA
-Cost estimation and NPV calculations design simulation, basic
probability
Offshore (and some onshore) field architectures and
layout of production systems Engineering diagrams and
Y p_ ) ¥ Configuration YES e ) E clag ) -
-Production manifold —_—— drawings. Analysis
-Pigging facilities
. . ) . Analysis. Modeling. Fast
Dynamics of marine structures Configuration/ i i
o ) YES Fourier Transform for signal Excel VBA
-Wave statistics design i
analysis.
Reservoir depletion and field performance
-Production potential
-Production scheduling i i
S . i . Maodeling. Programming. Excel VBA, Gap,
-Flow equilibrium in production systems, choking Design YES ) R
) Problem solving Prosper (or Pipesim)
and boosting
-Flow performance of surface and downhole
production networks
Flow assurance
-Modeling of gas and condensate transport in Appreciation, Modeling. Programming.
o ECTE i P PP ) YES ) e e ) e Hysys, Excel VBA
pipeline and hydrate formation Design Analysis. Problem solving.
-Simplified modeling of oil and water emulsions
N 4 . ) . . Modeling. Problem
~—-|ESP fundamentals, design and plan for the field life Design YES i Excel VBA
salving.
) ) . Modeling. Problem
~> |Early subsea boosting design Design YES i Excel VBA
solving.
Appreciation Data analysis, filtering, QC,
Data management and allocation PP ) / YES _y g a Excel VBA
design averaging, aggregating.
. o . Analysis, modeling, critical
Production optimization. Design YES o A Excel VBA
thinking. Problem solving.
Integrated asset modeling Appreciation NO - -
—— —

Additional skills gained by home and class exercises

Group work. Develop
written and oral
engineering
communication skills.




Field development and operations

Material balance

Reservoir simulation fundamentals, flow tables
well inflow

Fluid phase behavior

Black oil model

Single and multi phase fluid flow in pipes
(computation of pressure and temperature losses)
Processing fundamentals, separation,
Compression fundamentals

Pumping fundamentals

Introduction to subsea boosting

Introduction to subsea systems

Risk analysis, decision making, uncertainty
Life cycle of an oil and gas field. Fundamentals
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\RJ{Q)J leche noleg  and  cless QL‘tﬂJ comn be Found at !

http://folk.ntnu.no/stanko/Courses/TPG4230/2018/

Additional information here: http://www.ipt.ntnu.no/~stanko

CL\S) ao*\wt:s (wwl la V‘o(;lln J. i Exercie \go{ .1_) Qz-\o{ glMJLL\(j ‘{_'/\ﬁ,uoL\, '(Lw_ KDD c,](. ’H’\(_

L\-&('Jrovx_ —{-\4, 1 http://folk.ntnu.no/stanko/Courses/TPG4230/2018/Class_files/20180109/PDO_Hebron_project.pdf

Lot mert acbuibe tlhat were Po’f‘wwo{ prior to ke POD. Grop Lten  codesone -

we Jffu.l J"’L e "'C‘,\
S/(s.)vr‘[\te, Ehv\rc’nw'{‘qk O‘HJ\“"E L[_;, ~ Jee. Jy
! (reservorr ) ) l pnck l bbb, ||V plban (i} o)
I’V“Gtv\L
ff‘vlté
Lnﬂz\‘k l

o Compare. Pren. orth Lo activetres lted T e fro JeJu:pra deonet drow- e NPO (N"’WS‘“"

Pet"o-kl‘/m. O(I‘(‘e l/tO f'o;teo :ahtt :/lwww.npd.no/Global/Engelsk/5-Rules-and-regulations/Guidelines/PDO-P10-guidelines_2010.

L4 wai‘t. =3 Gc\y\'{.‘{? d,w-t aJ lLe_ flbi\t°+ ("\Cco\rt;\tj '{Ia 3our~ yq‘éqf {?\f’w\ )9 /\6‘, ‘{’l—b onl
on POO) Create {Lc Gondt Cn axcll J‘f\(ﬂ«l\':j the vvw\r\ oo v.{\eJ Uedn J 1 oadk

QI\A and el/b man  mal [L&h?v@_l i @"Q. P”OICOL_, Example: http://www.excel-easy.com/examples/gantt-chart.html

otler~.. .

+—-—l
(063)

?Po eo{ 'oka NALN:

" 2! kca/v—'v\' A
PMW.L\ e lek#m{\on i ‘ i ‘*')Xlra?u* M‘th _p\m
L’v -~
_ ({90\\ ‘¢ Approed G soernmert

NPO  evaluate, ke RoD o) fld ak giey
S correchony.

L\WW@\V\./JDO{A\.

\wa»\o’c anenmet (yfoft . {Gl\'vw‘oqw“-.\, I‘\NF\,,_,L’

(70 | dan For whilldoy aud eemtion
i%foﬁ‘[hj'\‘m ad ()'H\DQ{NM m*’bﬂ .

?po}(if exfal-‘loq_ e o’a‘[’:\."gal JeJ.jn J‘mera v»af / col\druokm / ‘,\o{x\lcﬁm andl C{o/w\mlJ.\lOm\r\j N

o,]. all ea]qrwxb ad V(NX[IJ[\?J DJ_ Ale a(‘eu
N AW ra . N
L hadal onbrachs 2 i M

Vgiveris prowmemedt covtrechon and wansyened
CO-x'b\o*

-.\DCTCJ{E& @\6\!\2((\115
Q)*J Conthot\

) C!r\)t'fv[/‘\"‘ '}C\l)ﬂ‘c&t\\m

'y lqd\tfdk\m



Prof. Milan Stanko (NTNU)

Field development and operations Page 9
e Well dnlling (well aoitruchan )
. .ng ﬂ&»\ ‘t@o'k\"cj oot
o Prepove M—a\a@[ Bo oeem't\foqy éu.\er wamonly
Brched. s bons \
O«mﬂm (@ Plotenc fl'\aJe. \/J\‘.Aw_ flwc —
%5 —6 —
%
e~ ———
Gu!o’-u'o (M oHuhane q(‘eu m) exbondbame -
e \relabely ghort =
e"onot\w‘
Sovbep
N f’(“"e& s effrted g pouirble i b prodetor corty K
0 VMT'\‘"@q\c&
e *PWL)\&SL\DO-tI’\j —— mm,{j Jho‘\w_

. of;t,\‘mv‘:y(,\’o-\ weahtain f}l‘pob(j“-oﬁ
O?Wf(e,/\%\:{"’i\o“- ojL roL ond. Lo MM | Mcreap ruMon

¢ honced orl tecve g A ?rv\fmmoi oil recovers,




{

\

Field development and operations Page 10 Prof. Milan Stanko (NTNU)

2050123, Cliy 3

DECOMMISSIONING AND ABANDONMENT

o Engineering “down and clean”: flushing and cleaning tanks, processing
equipment, piping.

e Coordinate with relevant environmental and governmental authorities.

e Well plugging and abandonment (P&A) ~) J,:\,\Mé M

e Cutand remove well conductor and casing.

o  Remove topside equipment. —s

* Removal of the offshore structure: Lifting operations and transport

e Remove or bury subsea pipelines

o Mark and register leftover installations on marine maps

e  Monitaring

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

e Disposal of residues

Decommissioning:

Overview of activities
https://www.youtube.com/watch?v=8Xm9VNZul9M
Transport of platform and scrap yard
https://www.youtube.com/watch?v=1GA3EIu81rw
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http://folk.ntnu.no/stanko/Files/20170402 NCS Production Data.xlsx
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Figure 4: The production curves of the land-based US giant Prudhoe Bay and the giant UK
Thistle offshore field. The approximarely exponenrial average decline rate is clearly seen in these
rwao well-behaved fields.
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The Heidrun field is located on Haltenbanken in the Norwegian
Sea. The water depth is about 350 metres. The field has been
developed with a floating concrete tension leg platform, installed
over a subsea template with 56 well slots. Production started in
1995, The northern part of the field is developed with subsea
facilities. The plan for development and operation (PDQ) for the
Heidrun northern flank was approved in 2000,

The reservoir consists of Lower and Middle Jurassic sandstone in
the Are, Tilje, Ile and Garn Formations. The reservalr is heavily
faulted. The Ile and Garn Formaticns have good reservoir quality,
while the Are and Tilje Formations are more complex. The
reservoir depth is about 2,300 metres.

The recovery strategy for the field is pressure maintenance using
water and gas injection in the Ile and Garn Formations. In the
more complex parts of the reservoir, in the Are and Tilje
Formations, the main recovery strategy is water injection. Some
segments are also produced by pressure depletion.

The oil is transferred to tankers and shipped to Mongstad in
Morway and Tetney in the UK. The gas can be transported by
pipeline to Tieldbergodden and/or via the Asgard Transport
System (ATS) to Karste.

Several methods are evaluated to improve recovery and prolong
the lifetime of the field, including infill wells, possible
implementation of new drilling technology and metheds for
enhanced oil recovery {(EOR). Maria und Dvalin are planned third
party tie-ins to Heidrun. The Maria field will receive water for
injection from Heidrun, and gas from Dvalin will be sent for
processing and export via a new pipeline to Polarled.
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Hebron Project Section 5

Development Plan Reserve Estimates

5 RESERVE ESTIMATES

5.1 Introduction

This section presents the range of hydrocarbon-in-place and recoverable
resource estimates for the resources targeted in the initial development phase
of the project. In-place and recovery estimates for the remaining resources
are provided in Section 6.8 — Contingent Developments.
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‘RECOMMENDATIONS WHEN DELIVERING THE EXERCISES

delivery.

variable name, variable symbol and units.

resolution high enough so figures and plots are still legible.

cProble 3 o] evecowe wt L

As part of the early development studies and as required by the Norwegian authorities, your
first task s 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, oil 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 is 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 (.25.
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-Attach all files used to perform your calculations (e.g. Excel files, Hysys files, etc.) to your

-Follow the “Excel etiquette” as explained in class. The excel sheets should be legible,

should have a legible and proper size (e.g. 16 pt), axis titles in bold, depicting the
Reyervorr renvie, B , [bans]
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the methodology, results (on tables and graphs) and short conclusions may be delivered.
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Ex. 1, Problem 3. TPG4230, Milan Stanko

Formation Ultimate
Rock volume Porosity Net to Gross Oil Saturation Volume Recovery
Factor Factor
Vg ¢ Nyg So Bo Fru
[bbl] [-] [-] [-] [Res bbl/stb] [-]
Min 5.00E+09 0.18 0.3 0.8 1.35 Min 0.18
Max 6.25E+09 0.30 - 0.5 0.9 1.60 Mode 0.25
Max 0.35

et
S P W
d 5 6
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CubL) -3 -1 ) CoVpte)  Cots)
(<} o o = o [

o Dxcel Jd‘bp lower  neecro Jecurrjtt) VO el baste {'o/' -\Frhuﬁ'wu
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ITUSL LenLer

Trusted Publish
rusted Publishers MacroSettins

Trusted Locations

Disable all macros without notification
Trusted Documents
Disable all macros with notification  ~——

Trusted Add-in Catalogs

Disable all macros except digitally signed macros

Add-ins ) Enable all macros (not recommended; potentially dangerous code can run) ‘—.

~—

ActiveX Settings

Developer Macro Settings

Trust access to the VBA project object model
Protected View

Message Bar
Bxtemal Content
File Block Settings

Privacy Options
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Dita Calculation options
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Save Y dtomic Maimum terators: | 100
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Language Madmum Change. 0201

J Manual
ase of Access
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General Change options related to formula calculation, performance, and error handling.

Data ‘Calculation options
Proofing Workbook Calculation® [ iEnable jterative calculation| (\—

Save ® Automatic Maximum Iterations:

O A i fi | i
C utomatic except for data tables Maximum Change:

L. -
anguage © Manual

Ease of Access Recalculate workbook before saving

Advanced

‘Working with formulas
Customize Ribbon

[ R1C1 reference style ©

uick Access Toolbar -~
Q Eormula AutoComplete &

Add-ins Use table names in formulas

Trust Center Use GetPivotData functions for PivotTable references

| (
0 Enehle ‘\JOLV!V‘“[ root J\MND ) Al\ala.m t’o(}&o]&.

\%aot \

W d Y u w
K - opheng ' 5 ahdiing s 30

Add-ins available;

|
Analysis ToolPak - VBA

| Euro Currency Tools

V| Solver Add-in

Analysis ToalPak

Provides data analysis tools for statistical and

engineering analysis
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SUM - X« f | =B$5+(BS6-BS5)*RANDI)
A B C | RANDQ | | E F G H
1_ Milan Stanko, 20180206, Ex. 1, Problem 3. TPG4230
Formation Ultimate
Rock volume Porosity Netto Gross OQil Saturation Volume Recovery
2_ Factor Factor
3 VR ¢ NTG So Bo Fru
4_ [bbl] [-] [-] [-1 [Res bbl/sth] [-1
5_ Min 5.00E+09 0.18 0.3 0.8 1.35 Min 0.18
6_ Max 6.25E+09 0.30 0.5 0.9 1.60 Mode 0.25
7_ Max 0.35
8_
9 Nr. it Vg ] NG So Bo N
10 [-1 [bbl] [-] [-] [-] [Res bbl/stb] [sth]
11} 1|=BSS+(B$6—B_§ 2.46E-01 3.35E-01 8.22E-01 1.50 2.51E+08
17 e ] E‘J"II:n’\n- T NCCcC N1 > Oo1C N1 O CNC N1 1 AC D CAC MO
sSuUM - > ~ S :Bn‘c11‘D11‘E11fF11|
A | B | C | D | E | F G H |
1 | Milan Stanko, 20180206, Ex. 1, Problem 3. TPG4230
Formation Ultimate
Rock volume Porosity Netto Gross Oil Saturation Volume Recovery
2_ Factor Factor
3_ Vg ¢ Ny So Bo F.u
4 | [bbl] [-] [-] [-] [Res bbl/stb] [-]
5 | Min 5.00E+09 0.18 0.3 0.8 1.35 Min 0.18
6 | Max 6.25E+09 0.30 0.5 0.9 1.60 Mode 0.25
?_ Max 0.35
87
S | Nr.it Vg ¢ Nyg So Bo N
10 [-1 [bbl] [-1 [-1 [-1 [Res bbl/stb] [stb]
11] 1] 5.55E+09| 2.46E-01] 3.35E-01] 8.22E-01| 1.50|=B11*c11]
12 | 2 5.32E+09 2.95E-01 3.81E-01 8.60E-01 1.45 3.54E+08

Vﬁb, Using VBA instead of a formula in Excel:

AR F) To oy e von mudles

EARES

E-d )
NProject - VBAProject x|
1] = -]
B
# B4 AspensimulationWorkbookXLA (As
@ B4 Solver (SOLVERXLAM)
= 81 VBAProject (Ex.3_MonteCarlo_TRR
£ Microsoft Excel Objects
8] Sheet1 (Data_Petrophysciat_A)
Sheet? [Data_Petrophysidst_B)

Thesiwerihook
-3 Modues
&% Moduie 1
w1 B VBAProject (FUNCRES.XLAM)

Properties - Module1
Modulel Modue
Aphabetc | Categorized |
[(Mame) Moduie 1

lx -

r 0 a S Y

oM File Edit View lnset Format Debug Run Tools Add-ins Window Help

@ o1 cont

[1Genaran

=] [1Dsciarations)

= 00 |
Watches

e 1l

Expresson

[ Vawe

| Context
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Microsoft Visual Ba:
% File Edit View Inset Format Debug BRun  Tools Add-Ins  Window Help
BE-l 4 eEsalo oy 1 @ IS 2@ L, coll !

[(Genera
! IE‘u.nct:i.on oCoIP (VR, Por, 5o, Bo, Htg)

=
% AspenOSEWorkbookXLA (AspenOsl C0OIP = VR * Por * 5o * Neg / Bo
End Function

%% AspenSimulationWorkbookXLA (As

B Solver (SOLVER.XLAM)

Sheetl (Data_Petrophysidst_A)

Sheet2 (Data_Petrophysicist_E)
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Initial oil in place, N, [sth]

N‘ 11'. ;\'.

N

[#th]
243408
3.05E+08
2.96E+08
2.66E+08
2.88E+08
3.13E+08
2.09E+08
3.12E+08
3.04E+08
5.26E+08
2.92E+08
3.20E+08
5.02E+08
2.67E+08
2.67E+08

428408
247408
2128408
2.55E+08
3.19E+08

N Count  rel frequency (probability)
[sth]

1.68E+08 1 0.001
1.92E408 1 0.011
2.16E+08 30 0.05
241E408 % 0.0
2050408 12 0.122
2908408 131 0.131
34008 14 0.141
3300408 19 0.129
3.63E408 9% 0.098
387408 31 0.057
4126408 n 0.077
4.36E+08 3 0.037
4.60E408 1% 0.026
4356408 3 0.013
5.00E408 li 0.007
5.34E408 ] 0.006
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RESOLUCAO CONJUNTA ANP/INMETRO N¢ 1, DE 10.6.2013 - DOU 12.6.2013 -
RETIFICADA DOU 17.6.2013

7.2.7. Testes de pocos
7.2.7.1. Nos casos em que os resultados dos testes de pocos sejam utilizados somente para

apropriacdo da producao aos pogos, cada poco em producdo deve ser testado com um intervalo entre
testes sucessivos ndq superior a noventa dias, ou sempre que houver mudangas nas condi¢des usuais de
operagao ou quando forem detectadas variagdes na produgao.

7.2.7.2. Quando os resultados dos testes de pogos forem utilizados para apropriacdo da producéo a .
um campo, em casos de medicao fiscal compartilhadg., cada poco em producao deve ser testado em

intervalos nao superiores a_guarenta e dois dias, ou sempre que houver mudancas nas condicoes usuais de
operacao ou quando forem detectadas variacoes na produgao.

7.2.7.4. Devem ser utilizados separadores de testes ou tanques de testes nos testes de pogos. Outros
métodos de testes, utilizando novas tecnologias, devem sée i 0s pela ANP.

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

http://www.npd.no/Global/Engelsk/5-Rules-and-regulations/NPD-requlations/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 y

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

+  The operator shall present  concept to the Norwegian Petroleum Directorate for comments and
formal processing well before submitting the Plan for Development and Operation (PDO). An
estimate of the expected measurement uncertainty shall be presented, combined with financial
figures for the nisk of loss between production licenses (¢f. NORSOK [-103), Annex C).

*  The main principles of the operations and maintenance philosophy shall be described.

+  Possibility to calibrate meters against test separator or other reference.

*  Redundancy in sensors and robustness in the design of the measurement concepl.

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

+  Design of inlet pipes to ensure similar conditions if multiple meters are used in parallel.

o 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 system, they shall be treated as other fiscal

measurement equipment and the administrative requirements which apply pursuant to these Regulations
shall therefore be fulfilled.
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Various pig types
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Hs[m]| 03 | 34 | 45 | 56 | 67 | 7-8 | 89 | 910 | 10-11 | 11-12 | 12-13 | 13-14 | 14-15 | 15-16 | 16-17 | 17-18 | 1B-19 | 19-20 | 20-21 | 21-22 | 22-23 | 23-24 | 24-25 | Sum
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Example: natural frequencies of some offshore structures
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previous section and applied on the structure. Due to the variability of these loads, there
are usually three main design approaches:

e Design wave: perform the analysis using the 100 year significant wave height
(Hs 100) and a suitable range of wave periods. If more accurate estimates are not
available, the Norwegian standard NORSOK N-003 suggests to take Hs00 = 1.9 -

Hs and vary the wave period between \/6.5- H¢ o <T'< J11-H

e Short term design: perform the analysis for a 100 year storm of specified
duration (3-6 h) with an associated frequency spectrum. This is usually done to
predict dynamic loads and stresses on critical load-bearing components.

e "Long term design: This analysis takes into account the long term varying
weather conditions. This is important for fatigue design.
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Snohvit Gas Field, Ex. Set 2, Prob. 3. TPG4230, Prof. Milan Stanko

G=IGIP

Annual production rate

Production days per vear

Ty

Pi initial Res pressure

C, inflow Back pressure coefficient

1, backpressure, exponent

Ct, Tubing coefficient (2100 MDx0.13

Elevation coeff, §

CoL Rowtine
o e PLEMEShore (155600106

Sepatator (shg catcher) pressure
Gas molecular weight (Methane)
Gas specific gravity

(Gas density at Sc

Number of templates

Number of wells

Desired plateau

gfield

Template-PLEM (30000,

ZJ0EH09 Sm3
0.027 fraction of IGIP
365 day
92 oC
276 hara
1000 Sm3/bar*2n
1
4,03E+04 Sm3/bar
0155
2.83EH)5 Sm3/bar
2756405 Sm3/bar
30 bara
16 kg/kmole
0.55 Gas specific gravity
067 kg/m™

3

9
20 years
20,06+ [SmA3/d]

gfield  Gp z
[smA3fd] [smA3] [
20.0E+6_
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120000 ; .
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10000.0 -=+90%Ndesign The point falls outside the operational map. We could use the inlet choke and
=80 Nksign inlet cooler to change the inlet conditions and try to move the point inside.
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Problem 2: Production network calculations for the Gullfaks South field.

Two reservoir units in Gullfaks South field (Block 13 and Block 14) have been producing oil
and gas since 1999 by two subsea templates (Template L and M). Template L has 4 wells and
template M has 3 wells. For the purpose of this exercise, consider that all wells in a given
template are identical (However, the production of one well in the L template is not the
same as the production of one well in the M template). The production of the two
templates 1s commingled in a towhead (junction) and transported further with a pipeline to the
platform of Gullfaks C.

Gullfaks field lay out .

12km

Rimfaks Statpipe

C(prl ) exwele, 2 folk.ntnu.no/stanko/Courses/TPG4230/2018/Class_files/20180313 q‘ sl

Issue on the choosing of the independent variable for the
solving process: rate might give a problem of complex numbe
if a too high value is used

TP
Yoo = G081

N

6.5

&45- Waf__ %ﬁiya
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Flowline L

Template L \

GFC-Platform

——=— Pipeline (14 km)

SEP

Flowline M
@ Empty slot
® Well
< Choke

Template M

TPGA4230, Milan Stanko, 20180313
Separator pressure, psep 60 bara

Nwells  pR[bara] pwf[bara] C[SmA3/bar®2n] n  qg[SmA3/d] Ct[Sm*3/bar] § pwh [bara]  qtemp [SmA3/d]  Cfl [SmA3/bar]  ptowhead[bara] error [barat2]

Template L 4 145 99.6 1000 08  172E+06 38152 0.43 66.7 6.89E+06 1403054 66.5
Template M 3 102 80.4 00 08 5.27E+05 41163 0.34 66.5 1.58E+06 1397663 66.5
Pipeline ofield [Sm3/d]= 8.47E+06 296439 66.5

average p, [baral= 66.5

0.0
0.0

0.0
0.0
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2018.03.20, TPG4230, Class Exercise, M. Stanko
Wells Pr I‘fq:;tf'l’;:: ht h2 d1 @ |Pumprame | o !
- bara Sm*3/d/bar m m m m - -
1 231 14 380 1960 0.24 0.14|Centrilift 675 78 1
—
Water oil el
Fluid Density 1025 897 [kg/imA3]
Richardson Emul. exp. 13 3215 1
Viscosity 1.00E-03 0.1[Pas] .
a,, cut off 0.60 1 Fouin
Roughness Casing
tubing and v
lines 0.00010 m
Bubble point pressure [bara] 30 [bara] Required pressure at pump intake 8 é?}u - ﬂm) Mechanic efficiency 0.95
Max pump power [hp] 760
Average Effective .
Date Pr WC density viscosity ™ Put 9 Gy Pauc Pdise APesp Ahggp Puh Pump power | Hydraulic Effic | frequency
[years] bara [ kg/m*3 Pas Sm*3/d bara Sm*3/d Sm"3/d bara bara bara m bara [hp] [%] Hz
1.0 230 0.00 1812 7
33 223 0.13 621 7
6.8 216 0.54 1833 7
125 204 0.82 2379 - 7

\r\.:"\L TA\M
v

e /S
2

e ozl
fo=!
q‘o_' = g’D@?’r
@.3: ENCAN]

wC = 3%
%5+45

4‘/\’& oeel‘u{\q 4 ro‘\,\'[} NJ fer '\'{]M\'LM‘A{'J

2018.03.20, TPG4230, Class Exercise, M. Stanko

::°<°\)’

(D
J

1
£

n

f

~—
= \\L (fa_—?ubl—) Function Pout(gt, ID, den, visc, Length, teta, pin, roughness)

s fos
fm_c(wf C*I“")fo N /é

Function Avprop(WC, Po, Pw)

Yo

qo%%"ﬂl

G (1)
Mo -

Rich_emul_visc(muo, muv, alphaw, expo, expw, alphaw cutoff)

ko €

- J,for total | |
Wells Pr i flow h h2 1 d2 Pumpname Stages
- bara  |Sm*3dlbar m m m m - -
1 231 14 B0 1960 0.4 ().14|Centriift 675 Bl W T
. Flowin
Water Qil Tubing
Fluid Density 1025 897 [kaim*3]
Richardson Emul. exp. 13 3215 ] !
Viscosity 1.00E-03 0.1[Pag]
0, cutoff 080 I
Roughness Hi EI::“:
tubing and | 3 A E
lines 0.00010m
Bubble point pressure [bara] 30 [bara] Required pressure at pump intake % Mechanic efficiency 0.95
Max pump power [hp] 760
Average | Effective
Date Pa we density | viscosity ot Put 1, Gy Pese Paise Apese Ahgge Pt Pump power | Hydraulic Effic
[years] bara [ ka/m'3 Pas Sm'3d hara Sm'3id Sm*3/d hara bara hara m hara Thp] %]
\ 10 20 0.00 897 0.100 1912 9 59.9 186 121 143 1
EE 24 0.13 914 (.153 621 179 1445 184 40 42 1
68 26 054 96 (.572 1400 116 195 202 123 129 1
125 204 0.82 1002 0.010 1800 75 il 203 166 1684 1
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Tabell 5-2. Forelgpig oversikt over kjemikalietyper

Type kjemikalie Konsentrasjon (ppmvol.) ~ Tilsettesi Frekvens
Avleiringshemmer A 50 Produsert vann Kontinuerlig
Avleiringshemmer B 2050 Sjgvann Kontinuerlig
Korrosjonshemnier 50 Produsert vann Kontinuerlig
Emulsjonshryter 50 Total vaeske 1) Kontinuerlig ved behov
Skumdemper 5 Total vaeske Periodisk

Flokkulant 10 Produsert vann Kontinuerlig
Vokshemmer 150 Total vaeske 1) Periodisk

Biocid 80 Total vaeske 1) Kontinuerlig
Oksygenfierner 5 Sjgvann Kontinuerlig

H2S fiemer 150 Produsert vann Kontinuerlig ved behov
MEG Batch Brannstram Ved behov

1) Olje og produsert vann.
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Inner Sheath

Electric Cable

3 Phase HV Cables

Fibre Optic Cable
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Dual layer armour package

Figure 3 Umbilical Gross Section &
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