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Oil Production | Oil production in year | Revenue DRILLEX CAPEX OPEX |Total Cost| Cash Flow | Discounted Cash Flow: PV(i)
sth/d [sth] UsD UsD UsD UsD UsD UsD uUsD
0 0.00E+00 0.00E+00 6.60E+08| 5.50E+08 1.21E+09| -1.21E+09 -1.13E+09
0 0.00E+00 0.00E+00 6.60E+08| 5.50E+08 1.21E+09| -1.21E+09 -1.06E+09
0 0.00E+00 0.00E+00 6.60E+08 6.60E+08| -6.60E+08 -5.39E+08
100000.0 0.00E+00 0.00E+00 6.60E+08 6.60E+08| -6.60E+08 -5.04E+08
100000.0 3.47E+07 2.08E+09 1.00E+08| 1.00E+08| 1.98E+09 1.41E+09
88357.2 3.27E+07 1.96E+09 1.00E+08| 1.00E+08| 1.86E+09 1.24E+09
65601.4 2.67E+07 1.60E+09 1.00E+08| 1.00E+08| 1.50E+09 9.35E+08
50056.1 2.01E+07 1.20E+09 1.00E+08| 1.00E+08| 1.10E+09 6.42E+08
38174.4 1.53E+07 9.18E+08 1.00E+08| 1.00E+08| 8.18E+08 4.45E+08
28694.0 1.16E+07 6.96E+08 1.00E+08| 1.00E+08| 5.96E+08 3.03E+08
21618.0 8.72E+06 5.23E+08 1.00E+08| 1.00E+08| 4.23E+08 2.01E+08
16586.8 6.62E+06 3.97E+08 1.00E+08| 1.00E+08| 2.97E+08 1.32E+08
12325.0 5.01E+06 3.01E+08 1.00E+08| 1.00E+08| 2.01E+08 8.33E+07
9164.6 3.73E+06 2.24E+08 1.00E+08| 1.00E+08| 1.24E+08 4.79E+07
6765.7 2.76E+06 1.66E+08 1.00E+08| 1.00E+08| 6.57E+07 2.38E+07
5327.5 2.10E+06 1.26E+08 1.00E+08| 1.00E+08| 2.58E+07 8.74E+06
3845.9 1.59E+06 9.54E+07 1.00E+08| 1.00E+08| -4.57E+06 -1.45E+06
2801.6 1.15E+06 6.92E+07 1.00E+08| 1.00E+08| -3.08E+07 -9.13E+06
2102.5 8.50E+05 5.10E+07 1.00E+08| 1.00E+08| -4.90E+07 -1.35E+07
NPV [USD] 2.22E+09
Discounted Cash Flow vs. Time
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Discounted Cash Flow vs. Time
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Uncertainties in IOIP Estimation

Typical source

Approximate
range of
expected

Factor of estimate accuracy (%)
Area drill holes = 10—-20
geophysical data f ;g—gg
regional geology * -
cogres *x S5-—10
Pa logs *= 10—20
thickness drilling time records
and samples *= 20—-40
regional geology = 40-60
Porosity cores *= 5-10
logs *= 10-20
production data = 10—-20
drill cuttings *= 20—-40
correlations = 30—-50
interstitial capillary pressure
water data *= 5-185
saturation oil base cores == 5—15
saturation logs = 10—-25
routine cores with
adjustments * 25-50
correlations *= 25—-60
Formation pressure volume
volume temperature + 5-10
factor analysis of
fluid samples
correlation * 10—-30

Recovery factor, Fy depends on:

— Permeability and Permeability distribution

— Relative permeability characteristics

— Drnive mechanism

— Pressure support, displacement and sweep efficiency

Prof. Milan Stanko (NTNU)

\/n x O\—b-C_

Vg - A

[/////
~__

— Reservoir architecture-continuity, shape, layering, fault

blocks

— Reservoir anisotropy
— Reservoir fluid properties

— Well placement. Number of wells

— Artificial lift
—  Minimum economical field rate

h
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Net to Gros Oil Saturation Formation Volume Factor

Page 31

So=(1-Sw)
fraction
0.8
0.9

S

Bo

Res bbl/STB

bo

Prof. Milan Stanko (NTNU)

1.35
1.6

ra)

o

Clogy  exvene ?I‘b@aﬁnkls{\c 908 o b on O,[, Tokl recrnerable reprve;

Ultimate Recovery Factor

Fr
fraction
0.42
0.65

NPU

- VWin + RN@( >.<\‘/V\AY—\’V\P’\I

Rock volume Porosity N/G
bbl fraction  fraction
Min 2000000000 0.18 0.3
Max 2500000000 0.3 0.5
; N
e | Bdedad @ ] /6 )
'ltfmij\ bbl
R
| S AT
A &}
N —
L'[ 8 tvel 57 7%
> 2y M\D{.Oﬂ/
[
P (\f{/"v‘l‘){f
o—1L

Min
Max

MC it
[l

Rock volume Porosity

bbl
2000000000
2500000000

fracti

Rock volume
bbl
2020728372
2027103687
2244507704
2064960527
2409265466
2174336685
2468570171
2220185179
2329260119

fracti

W o ~N O U B~ W N

0.18

Porosity

0.18558
0.27871
0.22387
0.19461
0.23786

0.2807
0.23443
0.23463
0.21656

vn.@- “/b-fol F#,Go

Class example TPG4230, Michael Golan and Milan Stanko

)

Net to Gros Oil Saturation Formation Volume Ultimate Recovery Factor

N/G
fraction
0.3
0.5

on
0.3

N/G
fraction
0.3782988
0.4559073
0.4309593
0.3850365
0.3522728
0.3836723
0.3400107
0.4064523
0.3356574

on

So=(1-Sw)
fraction
0.8
0.9

So=(1-Sw)
fraction
0.860746572
0.859547478
0.899014514
0.846769099
0.831730977
0.823121152
0.804494224
0.837530278
0.861782889

Bo
Res bbl/STB
1.35
1.6

Bo
Res bbl/STB
1.567215613
1.572255682
1.461948068
1.458154221
1.363105188
1.527348792
1.358463656
1.414866359
1.442495708

Fr
fraction
0.42
0.65

Fr
fraction

0.588794858

0.57794969
0.454182581
0.421192174
0.462438723
0.540170926
0.603918786
0.636911743
0.631760539

Npu

[stb]
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6.05E+07]
3.78E+07
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Nev Pal
wan | 1S
W | D
Npu  countNpu relfrequency cumfreq
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2 3.89E+07 6 0012 0998
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tan e
Reserves 4? L
MM Bbls. Case Prob. NPV NPV x Prob.
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Problem 3-1, TPG4230, Milan Stanko, 20170219

Time interval [s] 2047.5
Number of points 4096
sampling frequency [samples/s] 2.00
Time Elevation FFTfreq
ls] [m]

0.0 0.8 0.

0.5 0.0 0.000
1.0 -0.5 0.001
1.5 -0.8 0.001
2.0 -0.6 0.002
2.5 -0.1 0.002
3.0 0.5 0.003
35 11 0.003
4.0 1.6 0.004
4.5 17 0.004
5.0 15 0.005
5.5 0.9 0.005

tonher
> o oolhe

1.8

1.6 -~

1.4

wave elevation [m]
o =
o - [N}

o
=3

o
IS

0.2

6.0 0.2 0.006
6.5 -0.7 0.006

7.0 -16 0.007
75 -2.3 0.007
8.0 =27 0.008

8.5 -2.8 0.008

9.0 -2.6 0.009

v 3 ‘/\‘ 9.5 21 0.009
‘P 10.0 -1.5 0.010

10.5 -0.7 0.010

J\/rve\lj 6."\.'\/( 11.0 01 0011

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
frequency [Hz]

o0-Ywm . ﬁ’\ CO-OS.{> T
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ere
Nnal JPCC/ VSN

FFT mag FFT complex

0.007144"14.6310630637753
0.007144 -14.6314355376179-2.17584020171838E-02i
0.007145 -14.6325531382138-4.35187835418294E-02i
0.007146 -14.634416403011-6.52831256995594€-02i
0.007147 -14.6370262285584-8.70534128729824E-02i
0.007149 -14.6403838717195-0.108831634337723i
0.007151 -14.6444909513754-0.13061978594503i
0.007153 -14.6493494506153-0.152419871829957i
0.007156 -14.6549617194251-0.174233906173646i
0.007159 -14.6613304778867-0.196063915009091i
0.007163 -14.6684588198886-0.217911938100365i
0.007167 -14.6763502173536-0.239780030911572i
0.007172 -14.6850085250036-0.26167026663795i
0.007176 -14.6944379856753-0.283584738366725i
0.007182 -14.7046432361733-0.305525561331911i
0.007187 -14.7156293137251-0.327494875310597i
0.007193 -14.727401663005-0.349494847163372i
0.0072 -14.7399661437619-0.371527673534929i
0.007206 -14.7533290390982-0.393595583725473i
0.007214 -14.7674970643682-0.415700842783696i
0.007221 -14.7824773767678-0.43784575480329i
0.007229 -14.7982775856108-0.460032666467342i
0.007238 -14.8149057633281-0.482263970877485i

g\‘r\ 0.0}. JC) B - - -
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Christmas Tree Systems

Onshore tree Offshore tree Subsea tree

EvaNo3 Inflow performance relationship (IPR)
Pr, Res pressure 304 bara ) 2\
G 104 Sm3ldlbardn {, = C( Pr- p“f)
n, exponent 09
C;, tubing 4.25E+04 Sm’ldbar Tubing performance relationship (TPR)
s, elevation 0.155 5 7303
Cy, flowline 1266405 4.00E+04 Smlcbar po=p, = p 9
40 bara wh— F2 7 5 2
Psep e Cj"

Flowline performance relationship (FPR)

q; = Ca '(pm2 _pauiz)

IPR TPR WPR
pwi avail qg  pwfreq pwf avail-pwf req pwh _avail
[bara] [SmA3/d] [bara] [bara] [bara]

2PL

L)Mm\g f&i‘(ﬂ‘m\nw
N(thoruLuf
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A ;
Py "4
IPR TPR
pwf_avail qg pwf_req
[bara] [Sm~3/d]] [bara]
304 0.00E+00 43.2
250 1.11E+06 51.6
200 1.84E+06 63.7
150 2.38E+06 74.4
100 2.76E+06 82.5
50 2.99E+06 87.4
0 3.06E+06 89.1
350 -
——IPR for pR=304 bara
300 T ——TPR for pwh=40 bara
WPR for pR=304 bara
250 1.
Ezm - e
g L
Z 150 - .~ [‘J-\ (qﬁ )
100 \
____*_______*_‘\_\_4-4
50 —*_____———f——“'_'____*__ L b
0 T T T T T l' ! T ; 1
0.00E+00  5.00E+05 1.00E+06 1.50E406  2.00E+06 3.50E+06

gas rate, gg, [Sm"3/d]

o ”—&g Soch )

2.50E406 (é.mEmﬁ

1.915¢¢ S’vj/&
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, I 0-5
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Praoz.u/‘{lw\ "‘D"C &

3

gas rate, gg, [Sm~3/d]

(n PWL\ ()N’J.)VIL

6\@4 dha il

A *‘JO\Q} e (&j 19

300
—=—IPR for pR=304 bara
250 - ~¢ —=TPR for pwh=40 bara
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T
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g 150
Z
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100
50 +
0 T T T T T
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[years]  [Sm*3/d] [SmA3/d] [SmM3]  [SmM] [ [baa]  []  [bara] [bara] [bara]  [bara] [Sm*3d] [bara]  [bara]
0 150E+06  18.0E+6 OO0.0E+0 000.0E+0 000 3900 1045 3740 3436 350 62.7 4.50E+06 4.7 7
1 150E+06  1B0E+6  G.5E+0 65E+9 002  3BlS 1036 3656 3357 350 627 4.50E+06 6.7 271
) 150E+06 1BOE+E  RSE#D 130E+9 004 3706 1024 3538 34T 350 627 450E+06 647 260
3 150E+06  1B.OE+k  B.SE+D 19449 006 3584 1012 3409 3127 350 627 450E+06 647 248
4 150E+06  180E+6  B.5E+D 50840 008 3461 0099 32800 3006 350 627 4.50E+06 4.7 236
5 150E+06 1BOE+E  RSE#D 324849 010 3340 0887 3153 2887 350 627 450E+06 647 24
b 150E+06  1B.OE+k  B.SE+D 389E49) 013 3224 0976 3029 2771 350 627 450E+06 647 212
7 150E+06  180E+6  B.5E+D 454 40 015 3112 0966 2910 2659 350 627 4.50E+06 4.7 201
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11 150E+06  1B0E+6  G.5E+0 TL3E+9 023 2704 0833 2468 2245 350 627 4.50E+06 6.7 160
12 150E+06 1BOE+E  RSE#D TIBEsS 035 610 0826 2365 2148 350 627 450E+06 647 150
13 150E+06  1B.OE+k  B.SE+D 84249 027 %20 0920 2265 2053 350 627 450E+06 647 141
14 150E+06  180E+6  B.5E+D 0076+ 020 2432 0915 2167 1%e.0 350 627 4.50E+06 4.7 131
15 150E+06  1B0E+6  G.5E+0 9726+ 031 2347 0810 271 1Be9 350 627 450E+06 g7 12
16 150E+06  1BOE+E  R.GE+D 10376+ 033 2264 0806 1976  17RD 350 627 450E+0R 647 113
17 150E+06  180E+6  B.5E+D 1102E+0 035 2183 0002 1883  1g9.1 350 62.7 4.50E+06 4.7 104
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pipeline gas flow rate, qg, [SmA3/d]
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FULLY FULLY
CLOSED L OPEN

x i
»
STATIONARY DISK

ROTATING DISK ( BACK)
(FRONT)

TURNING HANDLE

TURNING FORK

eemg mm mmem e o aamm g -

erosive energy away from the of operating conditions, including

downstream components. high sand concentrations.

* Available in manually operated

or actuated models.

Control Choke
Cage-Style Trim Design

TABLE OF CONTENTS
Plug and Cage Control Choke
External Sleeve Control Choke
Multi-Stage Control Choke and Trims
CC15 Control Choke

CC20 Control Choke

CC30 Control Choke

CC40 Control Choke

CC60 Control Choke

CC70 Control Choke

CC80 Control Choke

High Temperature and High Pressure

12
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%a) (\.(,{‘wovrl{_ WAL X lS

Surface Gas Network

Pwhs: th,
Shutin Wellhead Ca
Wellhead deliverability coefficient,
Pressure  coefficient flowlines Pwhf qg Pin  Error*2

bara Sm”3/D/bar*2 Sm*3/D/bar bara Sm”*3/D bara

Well 1 130 40 8.67E+03 [~ =

Well 2 159 137 9.50E+03 )7 =

Psp, Separator 28.60 4.34E+04 ) |57
Average=

pM,P \< Pwu S \PwL\_g

Surface Gas Network

Punhs: Cus
Shutin ~ Wellhead Cq
Wellhead deliverability coefficient,
Pressure  coefficient flowlines  Pwhf qg Pin  Error*2

bara Sm?3/D/bar*2 Sm?3/D/bar bara Sm?3/D bara

Well 1 130 40 8.67E+03 66.789 497.6E+3 34 1.9E-06
Well 2 159 13.7 9.50E+03 47653 315.2E+3 34 8.7E-07
Psp, Separator 28.60 4.34E+04 812.8E+3 34 5.4E-06

| Average= 34| 8.2E-06

du*f {“3(36\) o} N{V/UV'K Jc\\ lr\J\tOL.o/\ Ald%h’bvt\of\ networll Z
wo\{{rl I‘I\J\U/BM networ
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1 Radial Darcy flow through reservoir
2 Annular flow

2 Through screen

3 Under wrapping

4 Through nozzles

5 Inside production tubing

. €— 5 i

==L

e

)

Figure-8 Functioning and interplay of an ICD completion architecture. Fluids enter the screen and flow between the axial wires and
the un-perforated base pipe into the ICD housing, before passing through the nozzles and entering into the base pipe. All these flow
issues are properly analyzed and put in the right perspective to achieve an optimal well completion design and solution.

Point of entry Flow through Flow through Flow through holes
unperforated base pipe | | open orifices in the base pipe

Flow up through the
tubing
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(MJJ ka a} (»:Fe (r\(

Dewpoint
Pressure Temperature

[bar]
2.0265
4.290101
9.00647
18.74151
38.69453
57.98941
79,35551
112.7726
155.7708
181.98
187.4592
186.1369
164.9891
116.6442
98.07692
82.46519
69.33851
58.30131
49,021

200

180

z 8

—
Pl
=

pressure, p, [baral

[
52.22035802
66.44222041
81.11490252
95,12805581
105.7858643
108.1106953
106.0997213

96.8255477
73.75418300
44,95253713

23.9420427
13.57588933

-18.39447037

-49,93281956

-58.58544804

-65.09538144

-70.15679231

-74.16140884

-77.37566299

Hydnte line . Alonf pipeline [
Pressure Temperature Pressure Temperature

[bar]
4.290101
9.00647
18.74151
38.69453
57.98941
79.35551
112.7726
155.7708
181.98
187.4592
186.1368

CHEN R
-13.54876609 117.7714 64.93461369
1.159792331 117.7207 64.81627631
7.084058334 117.67 64.69813059
12.72666664 117.6193 64.58018781
15.55421038 117.5687 64.46244765
17.48070774 117.518 64.34490977
19.3044054 117.4673 64.22757387
20.71587828 117.4166 64.11043961
21.35377982 117.366 63.99350666
21.47522294 117.3153 63.87677471
21.44591881 117.2646 63.76024342
117.2139 63.64391247
117.1633 63.52778154
117.1126  6£3.4118503
117.0619 63.29611845
117.0112 63.18058563
116.9606 63.06525152
116.9099  62.9501158
116.8592 62.83517815

by hote g,

[—PLWC’ vaofe, ( Jew Poir\J( L‘ﬂ?/)

50 4Ly w 50 100 150

temperature, T, [C]
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