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Both in the development phase or during operations it is very important to
look at the cash flow, cost and revenue of the asset.

Revenue and Cost Profiles

0il and gas sales income

SALES

Platform construction
and top side facilitie

COosT

Total capital expenditure

Pipeline and operation cost

The Ultimate driver in E&P
operations
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The hydrocarbon production is the most important cash generator in a petroleum
asset



What can we control?
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Components defining the field performance
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Commercial software used in the oil industry to compute field performance

ReO
5 Prptsie. P
] ! { ) UA’IJH"\
Gap

\

Process F. Economy

i

AN g | Delowvie
| UILG / (] / \
J A (Avote™)
y dendoll / MDAL. ‘\
k.,\wjm.‘ol lalonce 4 $0S frpe-1%

L Decling  curve mw\(,b_;\;’,‘( (.OCA)
Leveal

0o | 1 [ L
Sully Yo exerchie ond devplop 0w Ty courie

. . b E
L

. M,LL '(Iecb\ﬂollobj

OrM(L) 1 O rl -ﬂm TLpr/IV\nlh‘l\q
Q "'VV"IJ A v UJ

(\Wtu

P
.thm\ and, a‘z\jtruwh’fn\ho»\

[ L] ]
o Oqihore  Teovology




e Scr\Qm‘( ' EV\f)fv\eem\,\j courie) > Plocd WJ’QMF(A

s terapdynewig
o math oand  dale ((\mrﬂl‘vj ) J_E"\,{Tﬂb\f-_ﬂ
o ?,(Dhom\\(_‘q,[, %ql}}‘j\j

froivJ?fOH \oro{\‘te ~) ‘froo{ucﬁ"ow JLL\U(U(""\J ‘/\aw mooh JG\AL L‘eu I 3&0‘/\3 4\: pﬁoo{NC@
" b gach well i Joing b ‘ofoo[ucd

S‘s‘v\,\PLkuf Frbohctl\ov\ Jjﬁ-”m

f z ey
fep . 4
l\M P“)L\‘ wou,ll\aqd. PfeJlJVe, jaParo\{'a\f Vel E MDL\
. Produchon cholle (’_—)‘ A
o / o,
.= A\ e kﬂ“ﬂ/S
‘ A e
ofl n.
wotey G S‘«Vd
f )

I Skl
L‘:@_LJ,J ;g 2
| P } '{(Owivj loo{'.towl«ole ]

w

fI‘C)IJV'(,

aw\togj ,,X’ ’c'/\e ()ret){bb{)‘ww SJJL‘%




‘HowLn\AL

(

JEE— -t
o - P’ B ﬂrb( "?l‘f)wp
dole (11 L
T,
[,\Prmuve (oJJ A () (:utnv\j 3’ 4}
SO
{r~@ﬂc\wo‘otuv\
T
\ __@ e
ImorJLA'. COV\J'\‘D\\«‘L rc\iﬂ w\vo b . Covx\dh.q'k preyivre
¢ Reqrv?ved o Cov\JﬁomJG o\o(d‘ajwwk eL Ocl/\oV‘C I ut °~{' %]L?xai ‘aolitnov\
Yo chowe
A
on J’\o or T {l Mo
A J'\O\I% {wuﬂ 0\o€w\ ﬁ OF « {x£ FOAI;
-
R
£ |
; {
s ke 1 il eped ! ; & wmdn @ roJHlalé/C\J Lt ay waJi(){é
. jto\kolo\[owz d((i,ue[a(,,,{v\{; y Sa»erIJ[LF E&M f\zt B 4) An
xith~ f wnlh perr ol
v kb;\‘l H/{, o‘n‘}rO\Jquot\lVQ ’l[VUV\ J(,V°\{0‘/\. e 'ﬁ PC\' ¢ 0210 01‘3

o N0 LW 'FDI‘ ne G'\{.{O\Jh‘vd\,ve

30 {TD ouv [\&Lol S\\fvwlci‘\,.r:




~ =~

~

[
Tlowlial |
l/' -

4}'_/-1\ P—' Ctﬂ
I Fnj”

fl,

— Presjvve LOJJ o {LV; (TUl)lv\q
<

~ ONeovdotwin

\




oFNJo\n:{Tp\ «%\“ve A&b ‘fw Cwnjv[tﬁtt‘.}w [’\auvj chCI« JcL\e GLJMJ'{th.
Vi witon  or Jlorw« J[%‘L(tj on CJCS[WY\“A\C)

OU“\‘I\L {\H’ JWAfkbl 0’1)r‘ooluc\779k SoL\EAvte
o Arq,v(te(, e o} prao{bc(hvw JJJ[?M&

mode A Wode B
COV\.\{TG\),C& V‘C\tc

p
7\% |

'JQL@S w»\tw\oj(. aov\b JGNW)
o Cosfuwer

aan{m{?roojﬂ'rg "lmf){'t"’\'f’
o LNG /\)jfw“i PLCMJY» to Ll‘jl,(/\,i'*j S(J\Olfﬁ Lors L

GM {\‘cuj

{,‘o rewn,}nj
* Cnochete o v Rold  bellife o fogrdh
9 E@\/O\V‘j Cnftj
(l » I/
|
l
| fail prod.

2 \‘ { Lu{jo{owv\

aLo\v\Aol’\w-e V\JC




Three periods of the

Build-up (drilling/well limited) prOdUCtlon proﬂle

' ': Plateau (process system limited)

v "1 Run-down (reservoir/well limited)
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We will assume at this point that all wells are identical and that the production potential of a group of wells is just the production potential «
single well multiplied by the number of wells
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In reality, if the wells production is connected by flowlines and pipelines, there could be hydrz
interference between them so the production potential of a group of wells is not additive.
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£ An Isometric view
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Test and production manifolds on an offshore field

Surface Xmas Tree Subsea Xmas Tree

A dry christmas tree vs. a wet christmas tree
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Onshore fields and test separators
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5 SEED 20 7.06E406 7.06E406 a0 R 28 - 7

16 6S6EHD N2 6.TTEHG 6.77EH 45 | Y2 D8 | = s26m90782

7 7250 194 GABEHE 6.AGE406 50 % we ] = reamom

18 80EHO 187 619406 6.19E406 55 T

18 8T5EHD 179 5.91E406 5.91E406 60 Nohelp avalabe,

N 948D 172 5.63E406 5.63E406 i

2 1001 165 5.36E406 5.36E406

2| L0%H1 157 5.09E406 5.09E406

ik LITEAL 150 4806406 4.82E406

e T e R A Formula result = 9482768302 14
Data | Sheet! | '\h Help on this function . Gancel |

JCLQ dfaw[)c\ok 04— (’ij ﬁffroadt‘ J\J ﬂ’\o\t ¢ {’w/a f‘o 50 w\o\nw.l,(j 'L;o QG\(/L\,
{;M{L@P o\vw( Atéeot X,,‘ﬁlijlth.

A@teyh ‘(,'L\a\k \\J LC&WQ@V\ EL‘@JC t(,uo v eJ/
'G-H-I-J-K-LM,N,:f‘.'Xg\
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Function tabinterpol(x, col, Matrix As Range)

"function to perform linear interpolation in tables for |\properties VARL,
VAR2,

"INPUT:
bk p

)5 b

—

X VAT VAT VARS

1 2

SUM - X  fr | =tabinterpol(H10,4,5457:50537)
A B C D E F G H 1

1 |NWells 8

2\G [SmA3] 2.7E+11

3 |Field production  [Sm~3/d] 2.00E+07

a

5 Gp pR Wellgpp Field gpp time gfield Gp qppf

6 [sSmA3] - [bara] [Smn3fd] [Smn3/d] [years] [smA3/d] [smA3] [smn3fd]

7 0.00E+00 276 9.55EHI6 7.64EH07 0.0 7.64E+07 0 7.64E+07
) 7.29E+09 269 9.27EH06 7.41E+07 0.5 7.19E+07 1.36E+10  7.1S9E+07
9 1.46E+10 260 B.94EH)6 7.15E+07 1.0 6.73E+07 2.63E+10  6.73EH07
10 | 2.19E+10 251 B.61EH06 6.89E+07 1.5 6.32E407|  3.83E+10|=tabinte rpd
11 2.92E+10 242 B.29EH)6 6.63E+07 2.0 5.54E+07  4.95E+10  5.94E+07
12 3.65E+10 234 7.97EH)6 6.3BEHD7 2.5 5.59E+07 6.00E+10  3.39E+07
13 4.37E+10 226 7.66E+06 6.13E+07 3.0 5.28E+07 7.00E+10  5.2BE+07
14 5.10E+10 218 7.36EH)6 5.89EH+07 3.5 4.98E+07 7.93E+10  4.98E+H07
15 5.83E+10 210, 7.06EH06 5.65E+07 4.0 4.71E+07 8.82E+10 4.71E+07
16 6.56E+10 202 6.77EH)6 5.41E+H07 4,5 445E+07  S.65E+10  4.45E+H07
17 7.29E+10 194 6.48E+06 5.1BE+07 5.0 4.22E+07 1.04E+11  4.22E+07
13 8.02E+10 187 6.15EH06 4.95E+07 5.5 3.99+07 1.12E+11  3.99E+07
19 8.75E+10 179 5.91EH06 A4.73E+07 6.0 3.78E+07 1.19E+11  3.78E+07
20 9.48E+10 172 5.63EH06 4.51E+07 6.5 3.58E+07 1.26E+11  3.58E+07
21 1.02E+11 165 5.36EH06 4.29E+07 7.0 3.40E+07 1.32E+11  3.40E+H07
22 1.09E+11 157 5.09e+06 A4.07E+07 7.5 3.22E+07 1.3BE+11  3.22E+07
23 1.17E+11 150 4.82EH)6 3.85E+07 8.0 3.05E+07 1.44E+11  3.05E+H07
24 1.24E+11 143 A.55EH06  3.64E+07 8.5 2.90E+07 1.49E+11  2.90E+07
25 1.31E+11 1360 4.28EH06 3.42E+H07 9.0 2.74e+07 1.54E+11  2.74E+H07
26 1.39E+11 129 4.01EH06 3.21E+07 9.5 2.60E+07 1.59E+11  2.60E+07
27 1.46E+11 122 3.75EH06 3.00E+07 10.0 2.47E+07 1.64E+11  2.47E+07
28 1.46E+11 122 3.75EH06 3.00E+07 10,5 2.34E+07 1.68E+11  2.34E+07
29 1.53E+11 115 3.48EH06 2.78E+07 11.0 2.21E+07 1.72E+11 2.21E+07
30 1.60E+11 108 3.21EH06 2.57E+07 11.5 2.10E+07 1.76E+11  2.10E+07
31 1.68E+11 101 2.94E+06 2.35E+07 12.0 1.99E+07 1.80E+11  1.99E+07
32 1.75E+11 94 2.67EH06 2.14E+07 12,5 1.BBE+07 1.84E+11  1.BBE+H07
33 1.82E+11 87 2.40E+06 1.92E+07 13.0 1.78E+07 1.87E+11  1.78E+07
34 1.90E+11 80 2.13EH06 1.70E+07 13.5 1.68BE+07 1.90E+11  1.68E+07
35 1.97E+11 73 1.B5E+06 1.48E+07 14.0 1.59E+07 1.93E+11  1.59E+07
36 2.04E+11 66 1.56E+H06 1.25E+07 14.5 1.51E+07 1.96E+11  1.51E+07
37 2.11E+11 59 1.27e#06 1.02E+07 15.0 1.42e+07 1.99E+11  1.42EH07
38 15.5 1.34E+07 2.01E+11  1.34E+07



9.00E+07

8.00E+07

7.00E+07

6.00E+07

5.00E+07

4.00E+07

3.00E+07

2.00E+07

field production, gf, [sm"3/d]

1.00E+07

0.00E+00
0.0

Calculations for plateau mode. Plateau rate of 20 E6 Sm”*3/d

time
[years]
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
0.5
F.0
F.o
2.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5

qfield
[smn3/d] [smn3]

2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07F
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07F
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07F

5.0

o
3.55E+09
F.10E+09
1.07E+10
1.42E+10
1. 7SE+10
2. 13E+10
2.49E+10
2.84E+10
3. 20E+10
3.55E+10
3.91E+10
4. 26E+10
4.62E+10
4. 97E+10
5.33E+10
S5.68E+10
G.04E+10
5.39E+10
6. 7SE+10
FA10E+10
FABE+LD
F.B1E+10
2. 17E+10

10.0

year

qppf
[smn3 d]

T.04AE+DT
F.53IEH0T
F.A2E+07T
F.29E+H0T
F.ATEHOT
T.O4E+HDT
5.91E+07
6. 78E+O7T
6.66E+07
56.54E+07
6. 41E+07
5. 29E+07
6. 17E+O7
6.05E+07
S.93E+07
S5.B2E+07
S.T0E+OT
S.58E+07
S.4TFEHDY
S.36E+07
5. 24E+07
S.AIE+OT
S.02E+07
A 91E+07

15.0 20.0

For all these years, production
potential is greater than
plateau rate, that means that it
is feasible to produce it!



How to find plateau duration with Excel solver?

J4.U

24.5
25.0
, 25.2

LUUETUS

2.00E+H)7
2.00E+07
2.00E+07

1.7UETll

1.74E+11
1.78E+11
1L.79E+11

L.AICTUS

2.17E+07
2.06E+07
2.02E+H07

26.0
20.3

Activate the solver in Excel:

[ ]
S1.85E+11
1.85E+11

File, options---Add-ins

Excel Options a -
[ x
Add-Ins
G | . .
e E?} View and manage Microsoft Office Add-ins.
Formulas Add-Ins available:
Procfi Add-ins :
e Analyseverktay
save Name Location Type G Analyseverktay - VBA
Language Active Application Add-ins DWsIM Cancel
. Acrobat PDFMaker Office COM Addin C:\...¢\Acrobat 10.0\PDFMaker\ Office\PDFMOfficeAddin.dll  COM Add-in D a 5ol
Advanced Analyseverktey osoft Officel Officel SLibrary\Analysis\ANALYS22XLL  Excel Add-in pensalver
Cutemie o | RS ety o s O Gt oLl COM rovemaseren Browse
spen Plus V8.6 Excel Calculator echi\Aspen Plus V8. eq\CalcExcelAddInATL. -in = fee
Quick Access Toolbar Aspen Simulation Workbook V8.4 n Simulation Workbook VEAASWXLAddinLoaderdll  COM Add-in D Verm for eurovalutaen
DWSIM C\..\Desktop\Program<\DWSIMA_bin v30_bS20ADWSIMAl ~ Eecel Add-in [ wavelet 2 .
i Microsoft Office PowerPivot for Excel 2013 C..PowerPivot Excel Add-intPowerPivotExcelClientAddin.dll - COM Add-in Automation..,
Trust Center Power View wer View Excel Add-in\AdHocReportingExcelClient.dll - COM Add-in
Problemlaseren rosoft Office\Office13\Libran\SOLVER\SOLVER XLAM  Excel Add-in
Send to Bluetooth C:\Program Files (x86)\Intel\Bluetooth\btmoffice.dll COM Add-in
SLMAddin.Connect C\uh\Economic Evaluation V8.4\Program'Sys\SLMAddin.dll - COM Add-in
Inactive Application Add-ins
Aspen Plus V8.6 64 bit Excel Calculator(ATL) COM Add-in
Aspen Simulation Workbook V3.4 #\...pen Simulation Workbook VEA\ASWXLAddinLoader.dll  COM Add-in
Inquire les (x86)\Microsoft Office\Office] \DCF\NativeShim.dll  COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
OpenSolver Ci\..ilan\Desktop\Programs\OpenSolver21\OpenSolveradam  Excel Add-in
Verktey for eurovalutaen C\...6)\Microsoft Office\Office]5\Libran\EUROTOOLXLAM  Excel Add-in
Wientot 3 FRURT Y TRRY Y. \nir i 1Yoy Coect Add e
Add-in: Acrobat PDFMaker Office COM Addin Analyseverktay
Publisher: Adobe Systems, Incorporated
Compatibility: No compatibil availzble Har funksjoner og grensesnitt for gkonomiske og
Location: C\Program Files (x86)'\Adobe\Acrobat 10.0\PDFMaker\ Office\PDFMOfficeAddin.dll \fiteﬂskape”g dataaﬂalyie
Description:  Acrobat PDFMaker Office COM Addin
Manage: | Excel Add-ins
Cancel

1.85E+07
1.85E+H07




Problemligserparametere .

Angi mak @/—\/‘ L‘]\((J‘\\/ﬂ COL(I V\'\C\X} vv\\‘/\}
0{"\\"?« {M o C(’/‘Lﬂ\\‘/\ ./C\JWE

Til:

Underlagt begrensningene:

/ Legg til

Endre

Slett

Tilbakestill alle

Lastinn / lagre

Gjar ubegrensede variabler ikke-negative

Velg en lasningsmetode: lkke-linezr GRG ¥ Alternativer

Lasningsmetode

Velg Ikke-linezr GRG for Problemlgser-problemer som er jevne og ikke-linezre, Velg LP
(simpleks) for linezere problemer, og velg Evolusjonzr for problemer som er ujevne,

After plateau, the field its producing at is production potential

End of plateau 25291 2006407 L8OE#11 2008407 138778E-17
26.0 1856407 LESEHI1  1.85E+07
26.5 L75E407 LSRRIl L75E407
27.0 166E+07 LSIEH11  1.66E+07
215 L3707 LSAEHILl  L57EH07
2.0 1486407 L97E411  1.43E+07
28,5 LA0EH07 L9941l L.AQEHD7
29.0 1320407  2.02e411  1.32E+07
29.5 1256407 204E411  1L25EH07
300 118E+07  2.06E+11 118E+07
30.5 116407 208E411 L11EH07

Ved & endre variabelceller: é—\’ 6—(/(/(,5 ()\) (/I/Ov\ﬂej VC~./‘|CJUIL]

a)natm‘ajsi :
o o\pe/\c\t-‘aw\m\ CU’\.Jt/‘C\uIn{)

End of plateau

0 W\/\MMQ (wUV\AJ

o

225 200E407
3.0 2006407
3.5 200e407
4.0 2.00e407
4.5 2.00e407
5.0 2.00e407

H’*Q Ibl,v(r

L60E+11  2.39E+07
LO3E+IL  248E+07
LO7EID  238E+07
L70EHIL 2276407
L7AEL 2176407
L78E+11 2068407 Emror

25.291 2.00E407)

1806+11] 2008071156-G58)2]

2.0 135E407
6.3 L75E07

L85E+11  1.85E+07
L8E+IL  L7SES07



2.50E+07

2.00E+07

=~ 1.50E+07

1.00E+07

field production, gf, [sm"3/d]

4 5.00E+06

0.00E+00
0.0 3.0 10.0 15.0 20.0 25.0 30.0 35.0

year

it gt 1ok be Fomw bo .W‘ol’(/vze ob He rmmw {\,lyo\km\ (Wc;auj
b oy boas ) [rdomit bt Frdion (Jend pobobian
ij\J CO\/\?/\ﬁ /L/a\.k\ef C'ovx\\/\j

o 0. rolron fmkl,wj

R Crrjﬁfco\\ 1[[17(»1 D) ‘kﬁ'\dt&k\\’v\ AN {4«@ VAGX) AU A~
Vo\“

But it is important to estimate the behavior of the production potential to estimate plateau
duration.
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Ivears] [smn3/ al  [soan3] [smn3/al
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| zooceoy|  soscron|  v.asceor
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9.00E+07

8.00E+07

7.00E+07

qfpp, [Sm"3/d]

6.00E+07

-

5.00E+07

4,00E+07

3.00E+07

2.00E+07

1.00E+07

field gas production potential

0.00E+00

0.00E+00

e

5.00E+10

y =-3.18164E-04x + 7.63813E+07

R?=9.97965E-01

1.00E+11
Gas cummulative production, Gp, [Sm"3]

1.50E+11

/\’%’f: b g ”{(ﬁ,o

2.00E+11 2.50E+11

Sub test

~For i =8 To &9

Hext

(}

SolverReset /

OBJSTRING = "$J§" & (i)
VARSTRING = "S$ES" & (i)

%

vo\‘,uc 0\—

nbu¥
L u\l\ﬁf WD\VI)

SolverOk SetCell:=Range (OBJSTRING), MaxMinVal:=3, valueof:="le-10", ByChange:=VARSTRING
SolverSolve UserFinish:=True

'Reading Results

End Sub

time
[year]

0.0
0.5
1.0
15
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5

qf

[SmA3/d]

7.64E+07
7.22E+H)7
6.82E+07
B.45E+07
B6.09E+07
5.76E+H07
5 44EHD7
5. 14EH)7
4,86EH07
4,59EH07
4.34E+07
4,10E+07
3.88E+07
3.66E+07

Gp
[SmA3]

0
1.32E+10
2.56E+10
3. 74E+10
4. 86E+10
5.91E+10
6.90E+10
7.84E+10
8.73E+10
9.57E+10
1.04E+11
1.11E+11
1.18E+11
1.25E+11

\

afpp
[smA3/d]
1.64EH)7
71.22EH7
6.82EH17
b.45E+HT
6.09E+H)7
5.76EHDT
5.44EH)7
5.14EH)7
4.86E+HD7
4.59E+07
4.34E+07
4. 10e+07
3.88EHDY
3.66E+H07

error

oo o o O

5.55112E-17
0
0
5.55112E-17
0
0
5.55112E-17
0
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Tanzania gas development - flow assurance challenges
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Figure 9 Production strategy inhomogeneous reservoirs




»
o}‘Plﬁxtfc\u'L
{[a T GP"
quLvtlc\/]_ P L qwu‘e%
apl«tl‘- pr(,akfcw],: 6\0’}, ’6(3\
q‘p{h—k(owi
)

/]

Calculating production profile analytically
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cj(t) = ql—/e{Di/[l_(pr/ﬁR)]}t

TABLE 1—SUMMARY OF PRODUCTION DECLINE EQUATIONS

Decline Type Hyperbolic Exponential Harmonic

1/b . B . .
Rate-Time qt) = qf-/[1 + bD,t) qt) = g/e i qt) = qj/(T - Dﬂ.r_]
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DECLINE CURVE ANALYSIS USING TYPE CURVES
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Removing water in a gas flow system
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Removing water in a oil system
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vertical connection system (VCS)
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Deterministic vs. probabilistic approach

How can input risk and uncertainty be quantified?

DETERMINISTIC PROBABILISTIC

PARAMETER 1 'high’ 'base’ 'low PARAMETER 1 Distribution
PARAMETER 2 'high’ 'base’ 'low PARAMETER2 . Distribution
PARAMETER 3 'high’ 'base’ 'low PARAMETER 3 HEM Distribution
PARAMETER 4 'high’ 'base’ 'low PARAMETER4 A Distribution
PARAMETER S 'high’ 'base’ 'low PARAMETER 5 A Distribution

‘ I
Lowcase|| E 7
Base case Simulation 3= X,
High case - \.\
» Three discrete outcomes ., “"’”“?:‘;"’n -
* Full range of possible outcomes
- Eéase Ciage% ith - + True expected NPV
xpected for the projec
F o +True P90
» High case and low case are
ex%remely unlikely to occur * True P10

» Correct comparison and ranking
of options

TM be 0\ '\\\e /(’ec)m NQU )32 J(O\\CQ\‘QI
i gobabilishe Gon aly ST
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Probability is described as a measure of our (or someone else’s) opin-

m——————————

ion as to the Tikelihood of a future eve ing. For example, in the

toss of a coin, one would estimate there was a 50% chance the coin is a
{ |
‘ head.‘ That estimate of 50% represents the probability (in a person’s view)
of the Tikelihood of a future event occurring - the coin coming up heads.

That estimate is based on past experience tossing coins and the assumption

the coin was fair, i.e., only had one head, edges were not beveled, and so

Onl
Another method of arriving at the 50% estimate would be to toss the

coin a large number of times - say 1 000 000. Based on that experiment,
one might say the probability of obtaining a head on one fair toss is 0.5
(or 0.501 or 0.499, etc.). This is called sampling the popylation. In
this case, the population is infinite and the sample space 1is 1 000 000
tosses of the coin. Unfortunately, in the business world one is seldom
able to sample the population before making a business decision. One must

rely on probability estimates which are based on limited data and personal

experience.
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The probability assigned to a possible event must be a positive
number between 0 and 1(0 and 100%), where 0 represents an impos-
sible event and 1 represents a certain event.

If a set of events is mutually exclusive and exhaustive (covers
all possible outcomes) then the total of the probabilities of the

events must add to 1/ ‘ . ;‘
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Relative |Cummulative

Parameter |Frequency |fequency |Frequency

Number of |No of

sick days |employees

per with Xi sick

employee |days Probability

Xi fi fi/sum (fi)
0 12 0.154 0.154
1 14 0.179 0.333
2 19 0.244 0.577
3 13 0.167 0.744
4 9 0.115 0.859
5 7 0.090 0.949
6 4 0.051 1.000
Sum= 78 1

Mean- The sameas expected value, Athmetc averageofl e '€ D2E T
Vlues i the it The prefered deeison paremetr S H

(called also Averse) Q SOVRRT
ok st e Mg ey tlor. 37+
Base case!

) | 4 99
PR0 el oty ot a ier o bver vl en BP0 -—= ==~ =39

value, Often refered f0 a5 the Median.
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Samle Paremeter
Teasurew |
Mo makeup
Ib-ft
1 11
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3 13
4 14 2%\
5 14 \ INCH | UNDS
B 156 : ' "
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13 15
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17 17 v/ AP! TYPE €8 FLANGE
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How o {Y‘aws)hrw, event ﬁllaﬁm\q
RN ’IQ%“”LU Alasx(z\w)’f'

Event Table Requency Table PDF CPF
Torque fi Frequency | Relative
Measured range- frequency
makeup parameter- =
No Torque Xi probabilit
event
number Ib-ft Ib-ft
1 11 11 1 0.0294| 0.0294
2 12 12 1 0.0294 0.06
3 13 13 1 0.0294 0.09
4 14 14 2 0.0588 0.15
5 14 15 9 0.2647 0.41
6 15 q 16 3 0.0882 0.50
7 15 [ 17 4 0.1176 0.62
8 15 ° 18 7 0.2059 0.82
9 15 - 19 5 0.1471 0.97
10 15| —X%/ 20 1 0.0294 1.00
11 15 v Sum= 34 1.0000
12 15
13 15
14 16
15 16
16 16
17 17
18 17
19 17
20 17
21 18
22 18
23 18
24 18
25 18
26 18
27 18
28 19
29 19
30 19
31 19
32 19
33 20
34 15
. 9 Frequency Table
Function Arguments j quency Cummulative
Fv\“ c h o Paremeter Frequency Probability ~ Probability
— ]l ¢ ﬂ' wew C( Frequency Relative = Cummulative
Data array | i} \3 Measured of Frequency  Probability
Torque occurrence (PDF) Function
Bins_amay ;&_ Makeup number of cases
Ib-ft
( less than 11 0 0.00 0.00
Calculaes how often vaues occur within a range of values and then retums a vertical array of numbers having one more element 1 1 0.03 0.03
than Bins_array. 12 ! 0.03 0.08
13 1 0.03 0.09
Data_array isan array of o rference o a setofvalues for which you wantto count frequences 14 2 0.06 0.15
(blanks and textare ignored), 15 9 0.26 0.41
16 3 0.09 0.50
17 4 0.12 0.62
18 7 0.21 0.82
Formula result = 19 5 0.15 0.97
20 1 0.03 1.00
Help on this fund oK Cancel Sum=" 34 1.00
1M 1 A AR
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Estimating Initial Reserves

e Initial oil in place

ARO(1-S,)(N /G)

1OIP =N =
BO
* Initial Gas in place /
orp . A0a-spws6) LN |
Pe U (

Information needed ftor IOIP

—
——

estimation

» Reservoir architecture
» Porosity distribution

» Saturation distribution
* net o1l zone

» Reservoir fluids

volumetric behavior

Gross Rock volume estimate
Geology tool box

Cross section

H = Thickness of resarvoir
from logs

2(h4)
é(xyz)
(1 B SW)

(V1G)
B

o

Porosity

a measure of the space available for storage of petroleum hydrocarbon

Porosity is defined as the ratio of the void space in a rock to the bulk
volume of that rock multiplied by 100 to express in per cent

Idealistic:
Cubic: % Rhombohedral:%
Pore volume s Pore volume o
= ————=476% = = 25.96 %
) Bulk volume ¢ . Bulk volume °
Real life: Fractyres Porosity (examples:)

Statfjord: 20 - 35 %
Frigﬁ: 27-30%
Ekofisk: 15-48 %

| Sandstone, Clay, Limestone, elc




TPG 4230 mgolan Page 14 of 23 26/01/2016

The WU [ {JWUL\M S Yesevve ul-lwalnw S W 2av Favy {j

Uncertainties in IOIP Estimation

Approximate
range of
Typical source expected
Factor of estimate accuracy (%)
Area drill holes = 10—-20
geophysical data = 10—20
regional geology = 50—80
cores *= 5—10
Pa logs = 10—20
thickness drilling time records
and samples = 20—40
regional geoclogy = 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 *= 5-15
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

N T INL

We are Joms 4o WL ,SJ-(-I—)_&-\)LA,Q S\W\Aﬂ A,l'lmq

%ec\nmq{u Lo {{(‘QSQM‘] G dieYupe (ese(Ve $1Ze,
Ths is weeded far e \ofﬁm”“ws bul also
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Whatis Monte Carlo
Analysise

It uses random number generation,
rather than analytic calculations, to
combine distributions

It is increasingly popular due to high
speed personal computers



TPG 4230 mgolan Page 15 of 23 26/01/2016

Random Number
Generator

~ FE V] AN e Input
I—LI At ~ L ~ J N\ \Variables

relative cumulative
frequency frequency
T
OR

value

Probabilistic Approach to Reserve Estimate

Probability Cumulative

density probability
100
vc?l.ﬂ!r:e Q’ Ei l‘
L M H 0 108
100 s00 !
i
Porosity i:]
L M H 4] 0.4
100
il L :
Net/Gross
L M H 0 1
100
—
saturation T m H 0 15 00IP 106
100
Formation
volume A -

factor L M H 1 2
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Excell Rgadow Muwber 5ewem3mf

What happens when | enter =RAND() in a cell?
When you enter the formula =RAND() in a cell, you get a number that is equally likely

to assume any value between 0 and 1. Thus, around 25 percent of the time, you
should get a number less than or equal to .25; around 10 percent of the time you

should get a number that is at least .90, and so on.

Insert Function ?
"

search for a function:

Type a brief description of what you want to do and then click Go
Go

Or select a category: Most Recently Used v

select a function:

RAND |
FREQUENCY

AVERAGE

SUM

IF

HYPERLINK

COUNT v
RAND()

Returns a random number greater than or equal to 0 and less than 1, evenly
distributed (changes on recalculation).

1elp on this function 0K Cancel
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Rock Volun Porosity| N/G  Saturation  Bo

bbl | fraction | fraction | fraction | Res hbl/STB

Min 20649 020 03 08 .35

Max 2.2E+9 0.3 0.5 0.9 1.0
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D E F G H J
: s,=(1-s,) | . }
2 NIG Saturati Bi Distribution
3 fraction :r:cr:iol: 3 Res b:IISTB Unifrom  Triangul: l 0 ‘O , ) { rCL '0‘1
4 0.3 0.8 1.35 Average(IOIP)=| 122.6E+6/»
5 0.5 0.9 1.6 4 Iteratio
6 Upper bound= 52.9E+
T Error less than %= 2 418
8 N/IG Saturation Bo I0IP
9 fraction fraction Res bbl/STB STB
10 0.32 0.86 152] 111.9E+6
T 0.34 0.84 157]  96.1E+6 .
12 0.31 0.86 1.40] 116.5E+6 \N))l\ﬂ Ye ard ‘\.\
13 0.38 0.80 142]  98.8E+6 b . Xe }\ -
14 0.40 0.84 1,50 127.4E+6
15 0.44 0.87 1.55] 114.3E+6 MWWILY ) 3ETRT10
16 0.44 0.90 153] 141.7E+6 .
17| 0.39 0.87 155] 114 8E+6 Yeloywwm £w O‘eﬂ \'»l.(_
18 0.39 0.87 1.36] 105.1E+6
19 0.35 0.87 1.36] 115.7E+6 \,V\,/{,l \o{_ d\ H tCiwn \
20 0.41 0.88 1.39] 165.0E+6 4
21 0.41 0.81 1.36] 150.4E+6 }SCwsSrow
2 0.44 0.88 1.50] 120.7E+6
3 0.45 0.89 1.49] 131.1E+6
24 0.38 0.87 1.30] 146.3E+6
25 0.49 0.85 1.38] 182.0E+6

é 9 033 0.88 154/ 90.9E+6
97 0.31 0.82 145  T6.6E+6 ‘
% 03] 088 130 935E+6 To 3e~a gratre €x Yeﬂ' ehon LuYyide
99 042 0.82 1.36] 124.7E+6 —_— —
100 0.37 0.89 160) 111.0E+6
101 0.32 0.87 156 111,3E+46 —
o 0w i ems L Sovh dhe ToTe  Caluwm &ecor diwg
103 0.34 0.66 1.38) 133.0E+6
T Y 152 106.7E+6 s in Crecse Valug . AYTRN T
105 0.45 0.86 136 160.2E+6 }\v\
106 0.44 0.85 138 144.7E+6 e i wiM . W Ak
107 0.40 0.86 153 105.4E+6 W\ SCJ \') L_
v s e 2. femlwle a {-(e ey
109 042 0.82 141 114 8E+6 Ya i\'{ ¢ \3 A'L'Ie
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A B C D E F
1 Montecarlo Simulation
2 Triangular distribution - Oil reservoir
3 So=(1-Sw)
4 Rock Volume | Porosity N/G Saturation Bo
5 bbl Res bbl/STB
6 Min (a)= 2.00E+09 0.2 0.3 0.8 1.35
7 Mode (c)= 2.15E+09 0.24 0.41 0.87 1.4
8 Max ( b) 2.20E+09 0.3 0.5 0.9 1.6
9 f(c)= 1.00E-08 2.00E+01 1.00E+01 2.00E+01 8.00E+00
10 F(c)= 7.50E-01 4.00E-01 5.50E-01 7.00E-01 2.00E-01
A B C D £ F G
1 Montecarlo Simulation
2 Triangular distribution - Oil reservoir
3 So={1-5w) 10IP Montecarlo Parameters
4 Rock Volume | Porosity N/G | Saturation Bo YError= 2%
5 bbl ~ - . Res bbl/STB N N
6 WnGH 2000 0 T 7 188 Mean=|  124.8E46) —Error=|  2.50E+06
7 Modelcs| 2156409 024 041 087 14 Max=|  176.6E+6
8 Max(b)| 2206409 03 05 09 16 Min= 83.4E+6
9 fl)s|  1.00F-08|  2.00E+01)  1.00E+01|  2.00E+01)  8.00F+00 m (teraions requred]
10 Flejff ~ 750F-01)  400E01)  550E01)  7.00E-01)  2.00E-01
1
12 ‘Montecurlo simulation:
13 index | Rock Volume | Porosity N/G | Saturation BO lop _—
u - bb Reshbl/STB| s | | Tt {¥iangular discribucionwsss
"Value of the wariable X, randomly generated
15 1| 2.09E+09 02 04 09 155 109.8E+6
16 2| 2.16E409 0.2 04 09 143 1308E46 :E - g;;igﬁ i:ij:
17 3 2.04E409 03 04 08 139 1226F46 ‘e = mode
18 4 2.06E+09 02 04 08 146] 972646 | )
Hoja1 | Probability Plot | Cum Probability Plot ® ( Function X(a, b, c)
U = Rnd()
Fc = (c - a) / (b - a)
299 2978 2.15E409 02 04 09 L83 1394846 If 0 < U < Fc Then
X=a+ (% (b -a) * (¢ - a)) ™~ 0.5
2993 2979 204E+09 03 04 09 139 1274846 Else
09 20 609 02 04 09 1% I0IF Lot om e mem e T es
2995 2981 210E+09 03 04 09 149 115.3k46 £nd Function
29% 2980 204409 03 04 09 139 1610846
2997 2983 212E409 02 05 09 140 1510846
2998 2084 L18E+09 03 04 09 149 134846
2999 2985 211409 02 04 09 L4 1376846
3000 2986 2.10E409 02 04 09 L 1192E+6
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Distributions:
Probability Relative Cummulative
1o1P frequency probability distribution }M A \{
60.0E+6 0.00 0.00 0.00 £
65.0E+6 0.00 0.00 0.00 YWLQ \" e )'WM
70.0E+6 0.00 0.00 0.00
75.0E+6 0.00 0.00 0.00
80.0E+6 0.00 0.00 0.00 e\r e"’“ Ekbl&' )“O
25.0E+6 2.00 0.07 0.07 J)/
90.0E+6 6.00 0.20 0.27 4},( e 1' \}\eV\ C\O A e 2
95.0E+6 41.00 1.37 1.64 R
100.0E+6 75.00 2.51 4.15
105.0E+6 128.00 a.29 8.44
110.0E+6 198.00 6.63 15.07
115.0E+6 293.00 9.81 24.88
120.0E+6 395.00 13.23 38.11
125.0E+6 379.00 12.69 50.80
130.0E+6 405.00 13.56 64.37
135.0E+6 353.00 11.82 76.19
140.0E+6 287.00 9.61 85.80
145.0E+6 178.00 5.96 91.76
150.0E+6 115 3.85 95.61
155.0E+6 60 2.01 97.62
160.0E+6 a2 1.41 99.03
165.0E+6 14 0.47 99.50
170.0E+6 8 0.27 99.77
175.0E+6 6 0.20 99.97
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From a brief web search #M it seems that Rad() in VBA is not volatile function like
RAND() in excel and it does not recalculated each time we punch F9. There are all kind of
trick to overcome it but it seems complication. Also, there is something about IF that
make re-calculation of Rad complicatiod

See Nesws Ve T\ Avad 4

http://www.decisionmodels.com/calcsecretsj.htm

'#&¥&*Trianqgular distribution#**##
'"Walue of the wvariable X, randomly generated

' = minimuam ?&L:ED}
maximum value

mode

n oI
Il

Function X{a, b, c)
T = End{)
Fo = (c - a) / (b - a)

Application.Volatile (True)

If U <« Fc Then

X=a+ (OU* (b -a) * [¢c-a)) ~0.5

Else

X=b-((1-T) = (b-a) #~ (b-c)) ~0.5
End If

End Function
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5.4 Definitions and Rules

Probability

The extent to which an event is likely to occur measured by the ratio of the number of
favorable cases to the whole number of cases possible.’

Note that the probability used in reserves estimation is a subjective probability, quantifying
the likelihood of a predicted outcome.

Probability Density
Function (pdf)

Probability as a function of one or more variables, such as a hydrocarbon volume.

Cumulative To each possible value of a variable, a Cdf (Sf) assigns a probability that the variable does
Probability not exceed (does exceed) that value.

Distribution Function | The “SPE/WPC Petroleum Reserves Definitions" use survival function in the statement: “If
(Cdf); Survival probabilistic methods are used, there should be at least 90% probability that the quantities
Function (Sf) actually recovered will equal or exceed the estimate.”

Measures of Centrality

The different measures of centrality defined below coincide only when pdfs are
symmetrical. This is seldom the case for reserves. In general, and for most practical
purposes, they differ.

Mean, Expectation, or
Expected Value

The mean is also known as the expectation or the expected value. It is the average value
over the entire probability range, weighted with the probability of occurrence.

Mean = i X ¢ P{.rf.)orj.x- P(x)-d(x)

where x = reserve value and P(x) = probability of x.

The mean is by far the most important measure of centrality. It behaves like a single
deterministic measure of reserves in aggregation and would be the number to look for if
reserves are to be reflected by a single neutral number with no optimism or conservatism.

Mode, or Most
Probable Value

The mode is another name for the most probable value. It is the reserves quantity where
the pdf. has its maximum value. Believing more strongly in this estimate than any other, a
deterministic evaluation of reserves with no optimism or conservatism is likely to produce
the mode.

Median (also known
as P50)

The value for which the probability that the outcome will be higher is equal to the
probability that it will be lower.

Measures of Dispersion

The quantity for which there is a certain probability, quoted as a percentage, that the

Percentiss quantities actually recovered will equal or exceed the estimate.
The quantity for which there is a 90% probability that the quantities actually recovered will
P90 equal or exceed the estimate. In reserves estimation, this is the number quoted as the

proven value.

P50, or Median

The quantity for which there is a 50% probability that the quantities actually recovered will
equal or exceed the estimate.

The quantity for which there is a 10% probability that the quantities actually recovered will

P10 equal or exceed the estimate.
The varance is calculated by adding the square of the difference between values in the
distribution and the mean value and calculating the arithmetic average.
n
, Y (=) ;
st = S [ (v - ) f ()
Variance n ¢

where x = reserve, =mean, and f(x) = pdf.

It is convenient to square the differences, as this avoids that positive and negative values
cancel. The same effect may be obtained by taking absolute values of the difference, but
the mathematical properties of such a measure are not as elegant as those of the variance.

Standard Deviation

The square root of the variance.
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Objectives

The main goal:

To introduce a methodology for concept selection for offshore deep water fields
development.

«  Overview of offshore oil field development planning process.
*  Main stackholders.

*  Main decision drivers.

» Information and data to be generated.

»  Sources of uncertainity and methods to handl them.

* Necessary information for concept selection.

»  Structured concept selection methodology.

*  Anexample.

*  Questions

Time Table
* Partl: Deep Water Field Development Planning (45 min)
« Partll: Concept Selection Process(35-40 min)

* Partlll: Example (35-40 min)




Why This Topic

* My personal concern.

*  Was not touch upon properly during my education.
*  One of the main challenges for all operators.

* Interdiciplinary task.

What should you expect after this lecture:
* You will be familiar with concept selection process for deep
water offshore oil and gas fields.
* This presentation only give you an introduction.
* You will not be a deep water field developer.

Classification Offshore Oil and Gas Fields

To reduce the effort to select proper Technology, Strategies, Cost
Estimation Methods for field development.

» Water Depth (production):
e Shallow Water: < 420m (Bullwinkle Jacket)
* Intermediate Water: 420m - 1000m
* Deep Water: 1000m to 2000m
e Ultra Deep Water: > 2000m
» Environment Condition (100-year):
e Harsh Environment: 16 < Hs, 25 < WS (Northsea WQOS)
* Moderate Environments: 8 <Hs< 16 ,15<WS< 25
* Benign Environment: Hs < 8, WS<15 (West Africa) Hs: Significant Wave Height [m], WS: Wind Speed [mis]
> Reserves Size:
* Marginal Reservoirs: Reserves < 75 mmboe
* Medium Size Reservoirs: 75 < Reserves < 175 mmboe
* Large Reservoirs: 175 < Reserves < 1500 or larger




Classification Offshore Oil and Gas Fields

To reduce the effort to select proper Technology, Strategies, Cost
Estimation Methods for field development.

» Hydrocarbon Type:

* Qil Reservoir

e Gas Reservoir

* Qil and Gas Reservoir

» Pressure and Temperature:
* LPLT

* MPMT

e HPHT

Why Deep Water

Global Energy Demand is increasing.
Oil and gas still make a major contributions.

2016 Now

1970 1060 1920 2000 2010 2020 2030

Historical Record Forcast




Why Deep Water

Onshore oil production has passed the peak and declining (4%-8% /year).
Shallow water offshore production is declining.
Only deepwater (>1000 m) production contribution is increasing :

From 9% now to 35% in 2030 (forcast)

Onshore vs. Offshore Ol Production

® Onshore ® Offshore Shallow \Water ® Offshore Deep Water

i<y o o
= L= =]

Million barrels per day

bt
=

0
1265 15970 1975 1980 1985 1990 1995 2000 2005 2010 2015 Percentage %

Souwrces: Infield Systems, BP

Why Deep Water

Deep water offshore oil and gas E&P is more challenging !
What makes offshore oil field development different from onshore and shallow

water offshore ?




Why Deep Water

*  Technology has been developed for deepwater exploration and
production, up to 3000m.

*  What still makes the business difficult compare to onshore and shallow
waters?

*  Higher capital, drilling and exploration costs.

*  High uncertainities in most of commercial parameters: well
performance and recovery and oil price.

e Substantial risks: remote area, harsh environments, HPHT reservoirs.

Fundamental Questions to be Considered

When should concept selection process be started ?

What is the required information ?

How should we make a decision based on the available information ?

® |

Who are participating in the concept selection?




Typical Offshore Oil and Gas Field Life Cycle

Concept selection is a subset of a multi-diciplinary process:

FIELD DEVELOPMENT PLANNING

M

» Government * Geological Study * Dimensions * Technically Feasible
* Size of the block * Exploration method * Field Life * Economically Viable
* Location * Exploration tech. * Characteristics * Revenue
* Bidding Process : ;ocatlon. * Production rate « Investment
* Reservoir
* Reserves * High uncertainty
M Operate Abandon
* Engineering * Procurement * Commissioning * Remove: Environment
* Construction e Start -up * Reuse: Commercial benefits.
* Transportation cO&M
« Installation * Safety

13

Importance of Field Deveopment Planning

*  First FPU 1986 : Green Canyon 29 Semi-Submersible

1986 —1999: 12 FPU were sanctioned (Spar, Semi-sub and TLP) by major
operators.

e 2000-2001: Boom in using FPU, 14 FPU in GOM (11xDryTree+3xWet Tree)
independent operators came to the game.

e 2000- 2005: 13 FPU were sanctioned in GOM (10xDryTree+3xWet Tree)

Reason for acceleration:
High price of oil and gas.
Lack of oil and gas for US and UK 1970s.
Relatively low Upsream capital cost.
High competition for acquiring the new leases and increasing the production.

Move the operators towards faster and cheaper solusions.




Importance of Field Deveopment Planning

An assessment of existing projects (2005) revealed that a significant percentage
of deep water offshore oil and gas reserves were underperformed technically
and commercially, due to poorly executed field development planning.

The reason was operators intention for faster and cheaper developments.

Discovery Sanction First Oil

Objective of Field Development Planning
*  The main objective of field development planning is the selection of plan that
satisfies an operator’s commercial, strategic and risk requirements, subjected to

regional and site constraints. The main objective is to maximize the revenue for a
given investment.

Ul = NPV/NPI
Subsurface
Characterization
(Reservoir; Well Fluids)
Subsea ; and Intervention
P LA N : {Well Count; Locations;

Production Profiles)




Key Elements in FDP

*  This requires continuous and effective collaboration and alighment amongst main
stakeholders: Subsurface, Well Construction, Surface Facility, Operation and

Commercial Teams.

Commercial Team

O &M Team

Weak communication
between key elements
in early years 11!

Overview of Methodology for Concept Selection

Reservoir Model Seismic, well log, well tests

Subsurface Team

v Depletion Scenarios Optimizing drilling program,

Drilling/Completions {Well Count, Top hole
Tenimis [Prompaasmamrll  Greatest recovery with fewest wells

Generate Subsea, Host Platform, *Site Conditions
Export and Onshore Building *Existing Infrastructure
Blocks *Market Strategy

Surface Facilities

Team
Generate Multiple Development
CONCEPT Scenarios Combining Building Blocks
SCREEN I NG First Stage Screening
(Qualitative)
_____________ * Production Sharing
reement
R Second Stage Screening . Q:mmer:ial Metrics
CONCEPT  Jerhehuis (Quantitative) - Strategic Drivers
SELECTION M;i:;:::;? TE;“S * Reservoir Uncertainty
Management

Select=d FDP

Select Phase Stage Gate




Main Input Parameters and Their Effects

A. Reservoir Geometry and Geology (greatest impact)
» Recovery factor and flow rates.
» Well count, location and construction.
» Secondary recovery methods.

B. Fluid Properties

» Subsea and topside design.

» Operation and maintenance( hydrate, wax and deposits, corrosion).

C. Drilling and Completion
» Well management and well intervention frequency.

D. Regional Considerations and Regulations: block size, infrastructure, contract.
Site Characteristics: water depth, metocean condition, bathymetry.

m

F. Operator Strategy: type of the operator company.

Main Input Parameters and Their Effects

Relative importance of the parameters: Reservoir Geology and Geometry.

Key Reservoir
Properties

Units

Impact on Key Field Development Components

Well
Construction

Well Completion
(Rate & Recovery)

‘Well Count

Secondary

Recovery
(Injection,

[Rock Properties

md

IPermeability
IPorosity

%

IProductivity Index

psibpd/ft

(Geometry & Stratigraphy

[Thick Overlaying Salt

iapir
Eingleorsncked

[Payzone Thickness

[Depth to Payzone

ft below
mudline

Areal Extent

Sq. miles.

Connectivity
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Main Input Parameters and Their Effects

Relative importance of the parameters: Fluid Characteristics.

' Process Assurance Recovery "_nl--lih %
< 20° Med
cp > 100 cp Med Med
psi < 5000 psi Med
psi > 15,000 psi
e < 150°F Med Med
“F = 250°F (or
300 °F) Med Med
schsth |= 500 sclsth Med Med
scfsth = 2,000
wotiath Med Med
ppm 20,000ppm;
100 ppm: Med
100,000 ppm
% Cli=1 Med Med Med
°F = O5°F
Med Med Med
21

Subsurface Team

Subsurface
Characterization
(Reservoir; Well Fluids)

22
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Field Development Phases: Oil and Gas Reservoir

* Anoil and gas reservoir is characterised by:
*  Geometry: areal extend, dimensions and connectivity .
*  Rock properties: lithology, porosity and permeability.
e Hydrocarbon type and saturations.
e Qil-Water and Qil-Gas contact lines.
*  Fluid physical properties: API, GOR, WOR, Pressure, Temp.
*  Fluid system and chemical compositions.
e Driving mechanisms: recovery factor and recovery methods
*  Flow rate and pressure variation over time

23

Field Development Phases: Exploration

*  The first step after acquiring the lease.

* Goal: The goal is to find an economic oil and gas reserves.

*  Task: Suitable locations for exploration drilling and TD.

e Activity: Wildcat drilling, setp-out drilling and measurements.

*  Exploration Team: Geologists, geophysicists, drilling engineers,
reservoir engineers, mud loggers

*  Exploration Methods: Satellite Survey, gravitymeter, magnetometer
and Seismic (horizontal resolution), exploration drilling, MWD, LWD
(well loging), core samples (vertical resolution), well testing (DST,
WLFT, IPT).

e Initial reservoir model is prepared for development: reservoir
geometry, rock properties, fluid characteristics, reservoir pressure and

f Big Question ?

Is it an economical oil and gas reservoir ?

(S 10-100 mUSD answer)

Substantial uncertainty in the measurements
and reservoir information.

24
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Field Development Phases: Appraisal

*  Goal: Improving the quality of the data and reducing uncertainty.
*  Outcome: Well fluid characteristics, OOIP, Recoverable oil, production

profile, with sufficient uncertainty.

*  Method: More appraisal wells will be drilled, more measurements.

*  Subsurface Team: provide robust model of a reservoir from seismic
data, appraisal wells and well logs and well tests.

*  Tools: Multiple simulation with varying well count and location and

type, tuning PDF for stochastic parameters.

—Normal Distribution, PDF and COF

Reservoir Model Tuning PDF - CDF

25

Production & Pressure

Field Development Phases: Appraisal

* There are several methods and strategies to reduce uncertainty.
* There is a trade off between capital cost and uncertainty.

*  Methods:
e Drill stem test.
*  More appraisal wells.
*  Extended well test.
*  Early production.
*  Staged development.

Application Depends on: Incressing
v’ Reservoir size and Char. res rectin
v Operator Strategy

v Available Technology.

26

Value of
Infermation

Phased Staged
Davelcpment  Development

Decreasing
Reservoir
Risk
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Field Development Phases: Appraisal

Strategy | Description :""m:; Pros Cons Examples
Com parison of methods: Dirill Stem ingle Well 1-2per | » Relatively low cost | #5ome (but Jack (Lower
Test [produsing to well (S100M - S150M per| msufficient) well | Tertiary,
MODU. gas well); performance data  |GOM)
flared * MODU can be used | eLimited well
for testing. connsativity data
plore (2nll additional 6-12 per | #Some wells designed | #lncreased eyele
A ppraisal fappraisal wellsto | well as keepers time to sanction
fells and lefine extent and #More reservorr data | #Lated well
sicdetrack ivity of and improved performance data
reservoir reserveir model
Extended WellSingle well 6-12 slnproved confidence | #18-24 months o |Roneador
[Test [producing to in well performance mobilize (Campos
[production and recovery preduction platform| Basin,
[platform sBetter definition of | eCapex in $400M - [Brazil)
reservoir commectivity | $600M rnge
blaced Multiple welle | 3660+ | «Signifi hucti i Capex |Cascade &
Loy fprod gto in well performance (31B %3B) outlay |Chinock
Early mobile production and reservoir *36+ months 1o (Lower
Production  [platform: gas connectivity risk: mobilize platform | Tertiary,
by stem) lexported or #Test enabling GOM)
anjected technologies and
completions:
eCptimize full field
development plan to
CAPIITE FEASIVOIF
upside.
fstaged [Bring wells onling] Life of | s Flexibility to eapture | #Largest Capital | Perdido
Development [to a production field reservoir upside investment and (Lower
platform in stages » Maximize reservoir longest schedule 1o | Tertiary,
recovery peak production | GOM)
among all options
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A Glance to the Mathematics

.

Original oil in Place (OOIP) Volumetric Method

OO0IP=7758 x Ax h x 0 x OS/ FVFo
Ga = O0IP x GOR

A: Areal Extent (Seismic, drilling, reservoir modeling)

h: Net pay (Seismic, drilling, reservoir modeling)

0: Porosity (well log, core sampling)

os: Oil Saturation (well test)

FVFo: Oil Formation Volume Factor

OGIP=43560 x A x h x 6 x OS / FVFg

These parameters are stochastic time varying parameters.

28
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A Glance to the Mathematics

e Oil Production Rate:

Q=7.08 x K x h x (Pe-Pw) / MuxBxIn(Re-Rw)

Q: Oil Flow Rate (bopd)

h: Net pay (Seismic, drilling, reservoir modeling)

K: oil effective permeability

Pe: Formation Pressure

Pw: Well bore pressure

Mu: Viscosity » Well test and curve fitting (simple models)
B: Formation Volume Factor > Exponential

Re: Drainage radius » Harmonic

Rw: Well bore pressure > Hyperbolic

» Sophisticated models: Reservoir model
and energy balance methods

29

Integration of All Uncertainties
It is difficult to make a decision on multi-variable stochastic problems.

As suggested by SPE (Society of Petroleum Engineers):
For financial evaluation, uncertainty in all parameters should be integrated into
production profile :
*  Production profiles are calculated for three different confidence level:
*  Proven: 90%
*  Probable: 50%
*  Possible: 10%

Field development will be based on one of these three values depending on strategy

and commercial risk of the operator.
Typicaly 50% will be used.

30
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Drilling, Completions and Intervention Team

Drilling, Completions
and Intervention
(Well Count; Locations;
Production Profiles)

31

Well Construction and Intervention.

Well Construction:

*  Construction: Location, depth and direction, well casing.

* Type of the well: production, water or gas injection.

* Type of completion: Perforation zone and sequence, perforation
method.

*  Main Decision: DVA or nonDVA

Direct effect on productivity and frequency of well intervention.
(Operation Costs)

Well Intervention and Workover:

e Options: From production platform or Workover unit (MODU)

*  Depends on well type, construction and reservoir properties.

e Typical services: (Heavy to light) Casing repair, Recompletion,
Replacement of downhole boosting pump, logging

32
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Well Construction and Intervention.

During operation:
*  Well have to be periodically re-entered for reservoir management,
remediation and recompletion.

Well Cleanup

Sand Production Re-Perforation

33

Well Construction and Intervention.

*  Main decision is well type and access: (location of X-mas tree)
e Subsea well (wet tree) with DVA or non DVA
* Surface well (dry tree) with DVA

Dry Tree Wet Tree

34
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Well Construction and Intervention.

*  Wet Tree or Subsea Well :
» Lower CAPEX but higher OPEX
» Lower Recovery (5%-10% lower than dry tree)
» Low pressure reservoir.

» Greater flexibility for well placements and field architecture.
» Suitable for high uncertainty reservoir and multiple sub-economic

reservoirs development.
» All host units support wet tree.
» DVA and nonDVA are possible.

Well Construction and Intervention.

Dry Tree or Surface well:
» Higher CAPEX but lower OPEX.
» Higher Recovery
» High pressure reservoir
» Only Fixed platform, TLP, SPAR
» Only DVA

* Dry tree requires direct access to the well and
Top Tension Risre.

 Full drilling package on FPU requires Dry Tree
* Requirements for full drilling package depends
on the size of the reservoir and number of the
wells: (GOM, 170 mmboe, 12 wells)

36

A TLP with Dry Tree System
Central well cluster
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Well Construction and Intervention.

*  Selection depends on areal extend and complexity of the reservoir.
*  Small and compact reservoir: Surface tree with central well
cluster architecture.
e Stacked, highly faulted and arealy extended reservoirs: subsea
tree with satellit well architecture tieback to the manifold.

small and compact reservoir FPSO with satellit well architecture
37 stacked, faulted, arealy extended reservoir

Regional Considerations

Subsurface
Characterization
(Reservoir; Well Fluids)

Surface Facilities Drilling, Completions
(Subsea Architecture; and Intervention

Floating Platforms; {Well Count; Locations;
Export Systems) Production Profiles)

38
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Regional Considerations

Have a significant impact on the NPV and FDP process.

*  Block size: 10 sg. mile to 230 sq. Miles: development strategies

* Infrastructures: Pipeline, and development in the area and available
production units.

*  Market Influence: Availability of vendors and engineering companies,
construction yards. Tide market (2000-2001) increases the
development costs and schedule

*  Local contents: Effect on local economy, job, industry

*  Regulations: Host country dictates the terms and conditions, Flag type
(Johns Acts), single hull, double hull, flaring of gas, distance to the
market, HSE regulations.

*  Contract terms and conditions with host country: Type of contract,
Production sharing contract, concession contract, service contract:
Risk to the operator, capital cost recovery, taxes and royalities.

*  Sustainable Developments: Authorities prefer concepts which
provides greater economical benefits and lower environmental
impacts.

39

Site Characteristics and Conditions

Subsurface
Characterization
(Reservoir; Well Fluids)

Drilling, Completions

and Intervention
{Well Count; Locations;
Production Profiles)
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Site Characteristics and Conditions

Field architecture and floating platform are highly influenced by:

*  Water Depth: drilling costs, design and installation of risers and
mooring systems and pipeline, temperature at seabed and flow
assurance.

e Bathymetry and Geology: Subsea flowline installation costs, anchor
design

*  Metocean Condition: Installation window, cost of facilities

*  Remoteness: increases cost and risk of installation, favors the
concepts with minimize offshore installation and operation, multiple
reservoirs with single hub platform

These data should be provided prior to undertaking the facility development plan.

41

.

Operator Strategies

Strategies of the operator depends on the type and size of the
operator company.

Type of the oil companies:

* Independent Oil Companies: Premier-Oil, VNG Norge.

* International Oil Companies: Shell, EXON, BP, SLB

* National Oil Companies: NIOC, Petrobras, Statoil

Operator positions for trade-off pairs:

e CAPEXvs OPEX

*  Standardization vs Improvement

*  Proven Technology vs Innovative Technology
*  Min Capacity vs Future Capacity

42
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Operator Strategies

* Independent Oil Companies:
15% of deep water offshore production
Focus on small to medium size fields (75-175 MMBOE)
Join with other operators to share the risk.
Prefer leasing strategy over owning &
tieback over self production facility.
Short development cycle time.
Small engineering teams with fast tracks.

VVYVYYV

Subsurface is the largest team.
Confidentiality is high.

VVVYYVY
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First user of new technologies, more flexible towards vendors.

Operator Strategies

* International or Integrated Oil Companies:

50% of deep water offshore production

Focus on medium to large size fields (>175 MMBOE)
Using their own technology as long as possible.

More process driven stage gates which increases
development cycle time to first oil.

Prefer to use proven technology.

Standardized technology, less flexible towards vendors.

YVVVYV

Y V
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Operator Strategies

*  National Oil Companies:
» 35% of deep water offshore production.
» Focus on global development plan and basin development
rather than block development.
Phased development strategy.
Early production users to reduce uncertainty.
Higher risk margins.
Exploration results can be publicly available.

VVYVYYV
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Surface Facility Team

\_—

Surface Facilities Drilling, Completions

(Subsea Architecture; and Intervention
\ Floating Platforms; (Well Count; Locations;

Export Systems) Production Profiles)
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Concept Screening & Concept Selection Process

A Review:
Concept selection is a subset of field development planning.
Exploration and appraisal phases provide required information for concept selection.

Success of concept selection phase highly depends on the quality of the data provided
in the previous phases.

Subsurface, Drilling and Completion Team: Surface Facility Team:

Multiple depletion senarios: Corresponding development senarios:

* Well count, locations and type. * Field Subsea Architectures

e Drilling and workover and well intervention. * Host units: Hull type, mooring and risers
e Production Profile. * Workover and Well intervention package.
e Fluid composition * Exporting methods.

* Recovery Methods.

* Dry tree or Wet tree Commercial and Management Team:
*  Well intervention, methods and frequency « NPV

e Drilling requirements during production « NPI

¢ Risk Assessment

47

Concept Screening & Concept Selection Process

Overal differences ?

Concept Screening Concept Selection
Definition Primary Systems Basic Design (Pre-FEED)
Cost Estimation Class 5 Class 4
Risk Assessment Optional Mandatory
Qualitative Ranking Attribute level Sub-attribute
Stochastic Analysis Mandatory Optional

Simmilar process, different in the accuracy and level of implementation.

48
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Concept Screening and Study

Facility Framing Workshop with representatives from all stakeholders
present early in the selected phase.

The purpose of this workshope is:

To establish the objectives of the project.
Strategies to reach this objectives.

Establish Design Basis and Functional Requirements

Generate Concept Development Matrix
Generate Development Scenarios (10-80)

Develop decision drivers and ranking methodology

49

Concept Screening & Concept Selection Process

Main Steps:
Input: Field depletion scenarios

PwNE

© N o wn

Establish basis of design and functional requirements.

Establish ranking criteria and methodology.

Identify building blocks from proven technologies.

Concept Screening: 1st stage definition, Combining building blocks to
generate different development scenarios. (10 — 80 scenarios) ranking
and comparing different scenarios (5-10): Qualitative and quantitative
Concept Selection: 2nd stage definition, ranking and comparison (5-10)
Use tie-breakers and operator strategy for final decision (if more than 1)
International benchmarking

Concept definition.

50
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Concept Screening & Concept Selection Process

It is a two steps process

» Concept Screening:
To identify all possible solutions (80)
Technically feasible
Economically viable: Rough cost estimation (cost class 5)
Reduce the number of scenarios to 5-10 for concept selection
Identify the optimum number of wells (for marginal fields)

ANENENENEN

» Concept Selection:
v Main objective: Maximizing the profit.
v’ Select the best concept.
v More accurate cost estimation and assessment is required.

51

Design Basis Documents

In the early concept screening.

Provides the framework and the constraint within which the development team must

operate.

As a minimum it should include:

* Reservoir characteristics and depletion plan: well count and seabed locations,
fluid properties, production profiles, enhanced recovery, reservoir management.
(Well count may be fixed or not, size and uncertainty of the reservoir)

* Drilling and Completion: Well location, Rig specification, Durations, workover
type and frequencies.

* Site and regional conditions: Water depth, metocean data, seabed bathymetry
and geohazards, infrastructure and logestics, local content requirements.

52
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Functional Requirements

Processing: Deck space and payload sensitivity
Storage and Export: Hull and Geometry

Well Access: Motion

Drilling and Workover: Motion and Deck Space
Enhanced Recovery

YVVVVY
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Ranking Strategies and Methods

Ranking Methodology and Strategy can be categorized:
» Quantitative or Qualitative
» Deterministic or Stochastic assessment
» Cost estimation accuracy and class

» Qualitative Ranking :
= Uncountable parameters: operability, constructability, installation ease
= Less accuracy is required.
= Technical issues.

» Quantitative Ranking:
= Countable parameters: cost, time and schedule
= More accuracy is required

54
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Ranking Strategies and Methods

Economic Factors (significant number of parameters but summerized by):
* NPV : (cash inflow-cash outflow, discount rate) Production Profile, Field Life,

Sale Price
* NPI: CAPEX, DRILEX (# well), OPEX, ABEX
e UI=NPV/NPI

* Stochastic analysis is required in early stage due to uncertainty
AACE issued International Recommendation Practices on Estimate Classification:

* Cost Class 5: Concept screening and study, cost dispersion +100% to -50%
* Cost Class 4: Concept Selection, cost dispersion +50% to -25%

55

Ranking Strategies and Methods

Noneconomic factors that drives an operator’s decision:
* Construction Period

e Operability

e Fabrication

* Reliability Qualitative or

e Risk Assessment Semi-Quantitative
Can be evaluated into two levels: Parameters

* Attributes: Concept screening
* Sub-Attributes: Concept Selection
General Decision Drivers:
* Minimizing technical risk.
* Maximizing hydrocarbon recovery.
* Constructability.
* Schedule to first oil. (expected execution and installation period)
* Expandability: Flexibility for future expansion.
* Flexiblity to adapt to reservoir uncertainity.

56
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Concept Screening and Study

Concept Definition for Concept Screening:
Objective is to define all surface facility components to a level sufficient for class 5
(-50% to 100%) capex, opex and schedule estimation.

>
>

Use available commercial (OGM) or inhouse databases:

Typical required inputs are:

1. Basic subsea equipments: flowlines, manifold, Ch. Tree, risers
2. Number of wells, Production profiles, Hydrocarbon sale price
3. Basic topside components and capacities

4. Type of host unit and required displacement

Step 2: Calculate NPV and NPI

Step 3: Compare different concepts based on Ul as a function of NPV. (No. Wells)
Step 4: Choose the concepts which pass NPV and Ul threshould.

57

Concept Selection

Concept Definition for Concept Selection:

Objective is to define all surface facility components to a level sufficient for

class 4 (+50% to -25%), capex opex and schedule estimation.

>

>

YV V

Size flowlines, risers and pipelines and determine arrival condition by simple
flow assurance simulation.

Specify the topside, drilling and workover equipments and make an initial layout
by process simulation, PFD, P&ID.

Make initial sizing of the hull to support topside, riser, mooring weight.
Performe stability and motion analysis to ensure operability and survivability in
extreme conditions to design mooring and riser system.

Make an execution plan for design, fabrication, integration, transportation,
installation and commisioning to estimate capex and schedule.

Cost and schedule estimation, Compare and rank scenarios.

Risk assessment.

Validate by benchmarking against similar projects.

58
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Risk Assessment

A relative risk assessment will be performed including:
e Technical

* Execution

* Operational

* Safety

e Commercial risks

59

Tie Breakers

When economic and performance indications of two concepts are
indistinguishable an operatore’s tie breaker will be used:

HSE: Concepts with larger deck, gives greater separation between hazardus
and non-hazardus areas

Flexibility: Scenarios provide more felexibility, both for contracting and to
adapt to the reservoir uncertainity are prefered.

Mobility: Ease of decommissioning and relocation to other fields

60
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Building Blocks

Building Bloks:

A deep water facility development o |‘vaioe (S
scenario can be constructed from the 2_:;“““” e ’L‘“”l:s ' '°"'h§‘m
following building blocks: Boior | o | Wehest | Wt

tieback Compression | Spar #Wet Tree
WGaslift  |eFull dnlimg | Spar
. welwead | 4 Piry Tree
Injection Spar TLP wth
et *Teader asit | Drilling
ljectioa | 1ip TEP
«Full dnlling | Workover
“TIT)'PH‘ *Wet Tree
Subsea + Enhanced + Drilling e
Systems Recovery Platforms et
FP50
+ + + «Production
Production Export Onshore e
Platforms Systems Facilities e
— «Existing
—-— Host
wFixed
Flatform

Facility Development Options
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Building Blocks: Subsea Systems

A subsea systems consists of an assemblage of:
* Trees and wellheads, Manifolds, Jumpers

* Umblicals and Flowlines

* Pipeline End Termination

Basic Building Blocks:

1. Single well tieback

2.  Multiple wells manifolded tieback
Subsea Architecture is driven by

*  Number of wells

* Location of wells

* Distance to host unit

* Subsea bathymetry

* Fluid properties to determine the flow line dimention.

* Arrival production rate, temperature and pressure at PLEM.

62

31



Building Blocks: Enhanced Recovery

Basic building blocks:

*  Downhole boosting.
*  Gas lift

* Gasinjection

* Water injection

Secondary and enhanced
(tertiary) recovery methods.
* Steam flooding —
* Fire floodin

* Chemical injection
* Polymer injection

Satellite Field

63

Building Blocks: Drilling Platforms

Depend on the size of the reservoir and type and distanceof the well.

Basic Building Blocks:

e *Tender assissted drilling

- MODU

Permanent Drilling Platform.

Satellite well system with subsea
well. MODU or drill ship.
Single drill center and Surface well.
Tender assissted or Drilling Platform.

64
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Building Blocks: Drilling Platforms

MODU Tender Assissted Drilling

Amirkabir West Alliance TLP

wet Tree dry Tree
satellite Well well Cluster

heavy workover
payload limit

heavy workover

65

Full Drilling Package

TLP Mars GOM
dry tree
well cluster
drilling and
workover

Building Blocks: Drilling Platforms

Guideline for early decision on Key Platform Functions

Reservoir Drill Wet or Dry Tree
Centers Development
Wet

Small Single
Medium, stacked or compact Single Dry
Large, staked or compact Single Dry
Large, areal extensive Multiple Wet
Multiple, sub-economic Multiple Wet

66

Drilling, Workover or
Production Rig

Production
Workover
Drilling
Production

Production
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Building Blocks: Host Platforms

Consists of: Host platform:

¢ Topsides. With drilling and workover EFPSO
e Hull. With only workover M Spar
* Station-keeping system. Without drilling and workover =P

* Riserer system.  Semi

67

Building Blocks: Host Platforms

Fundamental differences between the floating platform:

* Drilling and Workover Capacities

* DryTree or WetTree Support

» Storage Capacity

* Scalability to water depth and payloads

* Heave and Pitch motions.

* Execution risks: Construction, Installation and Operation, Abondenment and Reuse.

68
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Building Blocks: Host Platforms

Spar TLP Semisubmersible FPSO
v Classic, Classic, Extended. Conventional Shipshaped or
atiants Truss or Cell MOSES or Sea-star or Deep-draft cvlindrical
Dry/'Wet Trees: Dry/'Wet Trees: Wet Trees: Wert Trees:
Surface BOP drilling, |Surface BOP drilling, |Subsea BOP drilling, |Subsea BOP drilling
Functionality completion, completion, completion, possible in mild
intervention intervention intervention conditions:
Integrated o1l storage
ater Dual Barrier HP Tendons to about 50008 Limited envelope of | Tower or wave risers
pth production riser to fi. SCR applicability required
5000 fi
ICon.ill'Iilts [Topside < 20,000 tons dry None None None
[Payload weight
Complex offshore Relatively complex  |Relatively simple Simple offshore
Offshore Installation, operations; high offshore operations;  |offshore operations:  |operations; low

tion, Commissioning| execution risk

moderate execution
risk

low execution risk

execution risk

Decommissioning,

Relocation and Expansion

Flexibility

Difficult and costly

Difficult and costly

Simple

Simple
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Building Blocks: Export Systems

Export methods depends on:
* Distance to the market.

e Distance to the available infrastructures:

pipeline.

* Storage capacity of host platform.
e Field life and neighbouring fields.

Possible methods:

* Qil and Gas Pipeline .
* Direct shuttle tanker offloading (no onsite storage)
* Shuttle tanker offloading (with FSU or FPSO)
* LNG carrier (FLNG)

70
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Building Blocks: Onshore Facilities

* Tank farm and Loading terminal.
* LNG Plant.

* Gasto liquid plant.
* Gas to wire plant.

71

Example: Concept Screening

Case Study: A gas field
After exploration and appraisal
Initial number of scenarioes: 1x4x4x2X4 = 128

Field Development Concept Matrix

Gas Submersible Vertical Tanker
Fixed Directional Pipeline 6
Platform
Subsea Horizontal 8
FLNG Multi 10

72
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Example: Concept Screening

e Technical feasibility leads to final 12 scenarios:
* 4 subsea well systems: 4, 6, 8, 10
* 3 Host platform: Tieback, Jacket, Semisub

Semisubmersible

I'%g ‘,.pw_gi‘f'ﬁaﬂ'\—__

Ly
Irodudtion Wels 22 ‘___’_'_":'_":-: 35,000 ton
Iroetufion Wik Semisubmersible
war i
i

s

[ —
H 1Preduon

(a)
Subea tieback to onshore

Jacket

Flexible|

Risers |
(VY

et |
aine

\
\
1893 Bxpart 1
& ine
8 Prodiction Wells ——
1

_—
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Example: Concept Screening

* NPl are calculated from total cost:
» CAPEX
» DRILLEX
» OPEX
» ABEX

Cost of infrastructure, drilling, operation and abandonment

Tie Back 1372 1651 1930 2209
Semi 1695 1974 2253 2532
Jacket 2045 2324 2603 2882

* NPV are calculated from :
» Hydrocarbon sale price
» Production profile P50 for number of wells

74

37



*  Tie back system gives the
max NPV.

*  For jacket and semi, NPV and
Ul are maximized
simulatneously with 6 wells.

*  Fortie back 6 wells should
be selected as there is a risk
of 25% production loss if one
well is below its expected
production rate.

Example: Concept Screening

* NPV and Ul should be maximized simultaneously.

wwinin
TEBACK et
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s [
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NPV Billion SUSD

Figure 3, Optimizing the number of wells for 3 gas field Based on econamical indicators.
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Example: Concept Screening

*  There is high uncertainty in the cost estimation which need to be
captured by a Montecarlo simulation for NPV and NPI.

e Atriangular distribution is asigned to the main input parameters
based on the min, mean and max value recommended by experts.

*  CDF for NPV will be calculated for each case.

Triangular Probabilary Distribution

Tie Back
Minmnum Medinm Maxinmm
Gas Price (SUS/MCF) §5.50 §7.32 §9.50
Cost (MM SUSD) Class 5-4

Well $125.56 $139.52 $15346
Shore Stanon $186.69 $207.43 $228.17
Pipe £211.00 $234.44 §257.89
Subsea System S$63.61 §70.68 $77.75
Umbilicals $64.83 $72.05 $79.26
OPEX $161.30 $179.23 S197.15
ABEX §45.31 $50.34 $55.37

Accumulated Probability

1.0

e
o

g
o

NPV-TB_4Wells

e
ES

== NPV-TB_6Wells

== NPV-TB_8Wells

e
[N}

=+ NPV-TB_10Wells

o
o

<
~

NPV Billion$USD

"'! e
~ 5}
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Example: Concept Screening

*  This method only relies on economical indexes.

* If we include the noneconomic parameter such as schedule to first oil,
result will be different.

*  Subsea Tieback and Jacket: 3 years

*  Semisubmersible: 5 years

200 q

180 +

| 4 Weils I\
160 1
& Wells
140 1
| TIEBACK /
Rk
z /
= | Evinlis
g | L= FIXED
s | PLATFORM
e 10w
5 | Sl
060 s
| 4NOII1-;-7|_.7 & Wells
040 § - T e
| c/;mu: 1o Wit
b T
000 4 . . - - - - |
040 060 080 140 160 180

100 120
NPV Billion $USD

*  Economic evaluation alone is not be sufficient for final decision.

7

Example: Concept Selection

For concept selection, scenarioes should be compared in sub-attribute levels.

Analytical Hierarchy Process (AHP):

A decition making method to prioritize concepts under qualitative multiple attributes
decision drivers.

We have to select the attributes that can make difference between all the concepts.
Step 1: Selection of attributes and sub-attributes with brainstorming multi-diciplinary
workshop (drilling, sybsea systems, flow assurance, pipeline, floating system, process)
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Example: Concept Selection

Selection of Attributes and Subattributes

Attributes Sub-attributes

Operability

Fabrication & Installation

Time to First Production& Costs

Reliability

Easy to start or shut down
Production management
Gas quality at the delivery point
Operation flexibility

Easy to fabricate
Easy to install
Availability of drilling equipments
Total cost
Utility Index
Time to first production

Prevention of flow assurance events
Inspection, maintenance, repair
redundancy
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Example: Concept Selection

Ranking the selected attributes according to the importance in the

exploitation systems.
A criteria for weight is defined:

Weights for attributes and sub attributes comparison

Absolutely more important

Very strongly more
important

Strongle more important
Weakly more important
Equally important
Weakly less important
Strongly less important
Very strongly less important
Absolutely less important

9
7

13
1/5
1/7
1/9
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Example: Concept Selection

Make a pairwise comparison and weight the attributes.
Normalaize the columns and sum-up the rows in normalized matrix.

Attribute Weighting
Artribute Weighting: 1. Operability 2. Fabnication and Installation 3. Time to First Production and Cost 4. Reliability

1. Operabality 1 5.000 1000 3.000
2. Fabrication and Instalation 0.200 1 0.200 0.143
3. Tume to Fust Production and Cost 1000 5.000 ] 1.000
4. Rehablity 0.333 7.000 1.000 |

Summation: 2533 18,000 3.200 5.143

Normalization: Weights

1. Operability 0,395 0278 0313 0,583 0.3911
2. Fabrication and Installation 0.079 0.056 0.063 0.028 00562
3. Tume to First Production and Cost 0,395 0.278 0313 0.194 02949
4. Relabality 0,132 0,339 0313 0,194 0.2569

Summation: 1.000 1.000 1.000 1.000 1.000

Weight of each attribue is the final result.
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Example: Concept Selection

Rank the field development concepts from 1 to 4 for each sub attribute.

Normalived
Pair-Wine Ratimg Pair-Wite Rating
Ateribute Sl Attribute Fized Floating Fited  Floating
Adtritiutes weigne  URAMTBER e TR ptem svoem TP parerm Svotem
. L. Orperabiliny LR
Normallze the Easy "’;““‘b" on 3 4 4 0126 0168 oaes
m
i Producrien .
ranking by Jobcm oy 3 4 S om es  oss
H Gas qualsty at the >
attribute and sub delivery pout o ! N ! ouEsowme s
. o Operative flexibilicy 038 2 ] 1] 0283 0425 428
attribute weights. . ,.uees
008
Installation
Easy 1o fabncate on 4 3 2 o024 o0l o1z
Easy 1o kawall 026 3 3 2 0044 0044 0or
Sum-up the o
P i ass 3 oon bon ar
results for each R e
L)
Production aud Cost
concept to get Toulcow(TC) 01 4 3 2 QI 00M 008
P H Unlity index {UD 0.63 4 H 2 oTT  0s0 0
final ranking iy mdex (U
“MN[mT 026 4 3 3 0307 0230 0230
result. L
4. Rellabiliry 026
Prevetion of flow— p. 2 3 4 024 035 0487
shers evesn
Insp maintesance . .
lldil‘plulﬂlﬁ} oo 4 3 0093 0070 0047
m_\' 045 L] + 4 [R5 0447 Q48T
Pair-Wise Rating Excellest Good Average Poor 108 A LL -]
Value + L} 2 1
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Example: Concept Selection

The concept selection based on economic indexes:
> Tie-Back
» Semi-Sub
> Jacket

The concept selection based on non-economic indexes:
> Jacket
» Semi-Sub
» Tie-Back
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Example: Concept Selection

* In MDM method, engineering judgment is used to define the attributes
and weights.

* This can vary depending on the experience of the people, time frame,
available information.

» Effect of variation in the attribute weights must be studied with
stochastic analysis.

* Define a triangular distribution for attribute weights.

* Performe montcarlo simulation, 10,0000 samples.

o
b
1.

i3

Table 13, Attributes weight value range.

01

Lower Base  Upper

Atuibutes Value Case  Value i -
1. Operability 0.18 039 057 g s
2. Fabrication and Installation 0.03 0.06 0.09 @
3. Time to First Production and Cost 0.13 0.29 0.53
4. Reliability 014 026 046

84
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Cummulative Probatility
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Example: Concept Selection

Ranking MDM results after stochastic analysis:
» Shows the range of MDM value for each concept and probability.
» Jacket gives the highest MDM.
» The median values for all three concepts are:
» Jacket =3.32
» Semi=3.23
» Tie-Back = 3.07

This stochastic analysis
confirms the deterministic
Results.

Cummulative Probability

Dmlunmenloomn MDM *
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Example: Concept Selection

Risk Assessment:

To finalize the results from concept selection risk assessment should be performed.

It is a semi-quantitative assessment.

Risk Definition: Probability of occurrence X severity of concequence

Procedure:
» Make a list of all possible risk events: previous records or FMEA workshope
» Determine the probability of occurrence for each event
» Specify the risk attributes which will be affected by risk events:
* Health and safety
* Environment
* Asset Value
* Project schedule
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Example: Concept Selection

Probability of occerrence:
Use a scale of 1to 5.

For galitative probability assignment risk taker are divided into to group:

e Aggresive risk takers
e Conservative risk takers

A risk factoring profile is defined to distinguish risk takers.

100
90
80 ——Aggressive
70 - — Conservative
60
50
40
30 -
20 =
10 =

1]

Risk Factoring

Risk Appraisal

87

Example: Concept Selection

Impact severity of risk events on attributes is apprised by a group of experts from

the established guideline and operator’s safety policy.
Impact severity appraisal is also weighted by the same factoring curve.

Impact Severity

N Health and Safety Environment Asset Value Project Schedule
Appraisal
i - V] 20% 1 2
Exrep_hunal Fatalities/Serious impact on public. Major or extended duration/Full scale 20% or mof: Schedule impacted more than 2
) response of total asset value years
Substantial  Serious lost time injury to p 1 Serious envi al d 5% to <20% of Schedule mpacted more than 6

Limited impact on public

Significant  Restricted work case/Minor impact on

public
Aoderate Medical treatment for personnel/
@) No mpact on public

Negligible
@

Minor impact on personnel

Significant resources needed to respond  total asset value

Moderate environmental damages/ 1% to <5% of
Limited resources needed to respond total asset value
0.1% to <1%

Mr act/N -ded
mor impact/No response nee of total asset value

<0.1% of total

No damages
asset value

month but less
than 2 years

Schedule impacted more than 3
month but less
than 6 months

Schedule impacted more than 1
month but less
than 3 months

Insignificant schedule slippage:

<1 month
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Example: Concept Selection

The resulted table will be: Weighted probability of occerrence X weighted impact
severity X Weight of the attributes. The mean square root gives final risk weight of
each event.

Table 9. Risk assessment for tie back development option

RISK ATTRIBUTES

FIELD DEVELOPMENT OPTION: e e Welght of risk eveat Inpact severity RISK ASSESSMENT
TIE BACK et et on attributes (Factaring) OF EVENTS
03 028 028 026
oy o Weiht of
obability o Healih Healih Health : S
RISK EVEXT TOeurringe ooty sr (O ey At Priect N ey A6 Pt CCEE ey A5 PR Uy
- Appraissyy  Oseurrencs " value Schedale 1t T Vil Sehedule b I Nale Sehodule e
APl paciaring . = 2o
1. Change of e . 3 | 52 4 i s 1 w1 @ I
type ami futere grows
15 3 3 ] 5 s w15 s s 15 s
| | ! 56 s 5 ’
| I I ! : 56 5 s
5. Delay of infrasiuciure o st 4 W 1 H 3 4 4 515 3% w1 s I
5. Problems during well cansiructivn 4 3 3 3 3 ET 15 L R I £
7. Conteol system failures during apsrativn 3 15 3 3 s 3 s s 515 se 56 % s I
mroblerrs 4 o ] 1 W : & 2 34 o
— 1 1 1 | s 6 6 "
10, Huricanes s 1 3 3 3 s 5 s s s as s s ]
OPTION RISK WEIGHT n
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Example: Concept Selection

The previous procedure will be performed for all concepts.
The rsults from risk assessment can be combined with multi-atribute decision
model and NPV calculation for final selection

Tahble 11. Summary of risk weights and MDA evaluations.

Development Option Risk Weight MDM
Tie Back 024 0
Fixad Platform 1763 333
Semisubmersibla e in e
2.00
3.35 T
o Ficea £ B TieBack
330 1 Platfaiem - 2 150 1
o
_— Semidub &
3.25 fu)
= Semiub A S 1.00
g 3.20 | -zﬁ #  Fixed
Platform
3.15 =
E 050
310 : =
B Tie Back
3.05 0.00
1E.00 23.00 2E.00 33.00 18.00 23.00 2BE.00 33.00
(a) Risk Weight (b) Risk Weight

920
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Conclusions
* Concept selection for deep water field development is a multidisciplinary task
and needs contribution from: Subsurface, drilling and completion, surface

facility, operation and maintenance, management and commercial team.

* Astructured methology to generate, screen and select the right development
concept is required.

* Concept selection is performed when the uncertainty in the critical parameters
which determine the commercial success of the project is high. Addressing
subsurface data uncertainty in the facility design phase is important.

* Deepwater facility design is highly depends on subsurface data.

* Success of FDP highly depends on: Quality of information, skills of subsurface
team, technology and reservoir modeling.
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Table 6. Attributes weights,

Attribute Weighting
Attribute Weighting: 1. Operability 2. Fabrication and Installation 3. Time to First Production and Cost 4. Reliability

1. Operability 1 5.000 1.000 3.000
2. Fabrication and Instalation 0.200 1 0.200 0.143
3. Time to First Production and Cost ~ 1.000 5.000 1 1.000
4. Reliability 0.333 7.000 1.000 1

Summation: 1533 18.000 3.200 5143

Normalization: Weights

1. Operability 0.395 0.278 0313 0583 03921
2. Fabrication and Installation 0.079 0.036 0.063 0.028  0.0562
3. Time to First Production and Cost 0,395 0278 0313 0.194  0.2949
4. Reliability 0.132 0.389 0313 0.94 02569

Summation: 1000 1.000 1000 1000 1.000

?,VOL'J{N\?A o& L/\CULC\V\IQ o\,ItL\ %LM.

Probability forecast for Trondheim

atihube

Thursday Friday Saturday Sunday Wednesday

Feb ¢ Feb§ Feb & Feb 7 Feb 10
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mm mm
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4 4
1 1
i m s lssssl sl lE._

Long time forecastis quite reliable for temperature when the grey area has a narrow Temperature:

spread. Likewise itis quite reliable for precipitation when the blue bars are shart.

The long time forecast is uncertain when the gray area has greater spread, and the blue
hars are lang.

Precipitation:
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'DEFINITION of 'Present Value - PV' ‘

The current worth of a future sum of money or stream of cash flows

given a specified rate of return. Future cash flows are discounted at the %////%///

discount rate, and the higher the discount rate, the lower the present
value of the future cash flows. Determining the appropriate discount

rate is the key to properly valuing future cash flows, whether they be CAP@(

earnings or obligations.
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Fig. 9. Typical before tax cash flow profiles for offshore and onshore projects.
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Henry Gantt (1861-1919), a
mechanical engineer,
management consultant, and
industrial advisor developed
Gantt charts in the 1910's. Not as
commonplace as they are today,
Gantt charts were innovative and
new during the 1920's, where
Gant charts were used on large
construction projects like the
Hoover Dam started in 1931 and
the Eisenhower National Defense
Interstate Highway System
started in 1956.

Henry Gantt




Every time we, in our project management careers, go through
the rigmarole of our projects, trying to meet and beat our own-
set goals, a silent word of gratitude goes to the heavens for
Henry Gantt for conceiving this intuitive diagram for charting
project timelines, for the Gannt Diagram allows us to excel in
this chosen career,

https://www.smartsheet.com/blog/gantt-chart-excel
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The Tubing Rate Equation in Vertical and Deviated Gas-
Wells (Metric and Qilfield units)

Summary
The rate equation for the tubing in vertical gas-wells corrected for wellhead datum
level is:

In practical metric units (m, bara, Sm*/d, °K )
D2.612es/2 05
} (p;"pf)

In field units (Mscf/d, psia, °R, ft for depth, and ,in, for pipe diameter)

2.612 s/2
q,=2929| —> = | (pz-p?)”
z T.JE -1

av " av

q,,=0.986(10°)| — ——
Z, T -1)

av " av

The equations were derived from the pressure loss equation in gas wells using the
average temperature and compressibility approach. The empirical Moody friction factor

used is, in field units (D in Inch), f, :% and in metric units (D in m),
0.0077 . - .

fu =—— These expressions for friction factor are based on measurements in gas
D .

wells by :V.Smith (1950), which were adopted as the norm in Gas Engineering
Handbooks (Katz et.al, or ERCB) and Gas Engineering textbooks. In deviated wells,

the right hand side of the rate equation is multiplied by (cosoz)o'5 where « is the
inclination angle from the vertical direction.

Development of the Equation from First Principles (pure Sl system)
Neglecting the acceleration term in the momentum equation, the pressure gradient at any
point in the pipe is the sum of the hydrostatic and the frictional gradients:

dp pu’
-—=pgcosa+ f,, —
ar 9T g

or
dp _

o pgcosa+ f.

Where « is the inclination angle from the vertical direction.

2pu?

When the units are in British Engineering unit system, the equation becomes:

2
dp_ pic05a+ Y pu
dl d. 29.D
and in oil field unit system, where pressure is expressed in psia, it is written as

2
-l44d—p:piCOSa+ fu pu
dl d. 29.D

Returning to the Sl equation, expressing the density in terms of the Equation of State,
and the flow velocity in terms of mass flow rate, u= ﬂA, gives:
o,

@)
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8fm2ZRT
gcosa+ —————
7D pM,

do_( pMm,
di ZRT
Defining:

Mg
ZRT

C.= g cosa

and

8fm2ZRT
72D° My

Co=
and substituting into Eq.(2) gives

—dp= (Cl D+—J dl
p

or
___dp _  pdp
dl= = -
Clp"'((‘;] Cip +C:
To integrate this equation a new variable U, is defined,
U=¢C, p2+C2
du=2c,pdp

The U and dU substituted into Eq.(6) to gives:

d':'(uij (ZU v

Integrating Eq (9) between points 1 and 2:
1

dI_-__
2(:1
glves
+
(l,—1)=L=— L |n[&]=- 1 In C1p2 o7
2C. (U, 2Cy Clp1+C2
or

2
2
Cip;*+C2

Defining

M
S=2LC,= g
Ci=%7hT

Eq.(12) becomes

(10)

@)

3)

(4)

©)

(6)

()
(8)

©)

(11)

(12)

(13)
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C1p2+C2 oS
C1 p1+Cz

Which can be rearranged such that

pZ=p3e’ [Cij (eS-1)

Dividing Eq.(4) by Eq.(3) gives:

C,_8fm’(ZRT)
C. #°D°Mjgcosa

(14)

(15)

(16)

Converting the mass flow rate to volumetric flow-rate expressed at standard conditions

using Eq.(17)

_ _(P) Mg
M= pgc qsc‘(?j R “Usc
sc

results in

C,_ 8f ( )2 ZT)
Cl 7Z' D sC g Cosa
Substituting Eq. 18 into Eq.15

8 f
psvf:ptzes —M(Tj (Zav av) (e - 1)qsc

D® g cosa

sC

Multiplying and dividing the second term on the right hand side with

M 28.97
§=2—-2 Lcosa=2ﬂ
Z RT Z. RT

av av av av

Lcosa

av av

SR ENCANCE 1PN PRSP CE

T R T SD°

Solving for the flow rate:

R 0.5 T D5 0.5
| T~ scs || D 2 2 s
qSC ( 4)(Mair} [ )l: fM ZavTav L} |:( pr pt ¢ ) (

1)

(18)

(19)

(20)

(21)

e’ - 1” 2

This equation relates the pressure at the top and the bottom of the tubing.

In integrated gas field studies, it is convenient to analyze the flow of the entire
production system using the wellhead or the top of the well as a reference datum level.
Mike Fetkovich has suggested this approach in a 1975 paper. He rearranged the flow

equation as follows:

0.5 0.5 2
S L [ L
* 4 Mair P fMZavTav L eS t

m] ] (23)
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Substituting ; p—VS”fz P,
e

(x R 05 T. D’ 05 se 05
qsc_(Zj(M_air] (g]l: fMzavTav L:I |:(p pt ) (e - 1j:| (24)

where p,, represent the flowing bottom hole pressure expressed at wellhead datum level .
The quantity, p,, . is actually the bottom-hole flowing pressure minus the hydrostatic

pressure of the gas column.
The rate equation can be further rearranged by substituting

M 28.97 28.97
s=2 o9 LCOSaZZﬂLCOSaZZ%H (25)

Giving (all in pure SI system):

05
_ x| Ty j 05 (DS j g%/ ) 5105
d=—| 5 |(29cosa Pw—P (26)
4 (PSC ( ) [ fM av av (e - ) ( t )

In practical metric units, where: Gas-rate=sm>/d, Pressure =bara, Length =m, and
Temperature =°K , the equation becomes:

qSC:86400[2(9.81)cosa]°'5%(Zfsj [( ?5 j e\s//: 1)] (pi-p2)" (@)
M av av e’ —

or

5 0.5 s/2
0., = 86.56(10°) (cos )™ l( D j : ] (pi—p? )0'5 (28)

fu (e*-1)
In vertical wells H=L, and cosa =1.

In fully turbulent flow (high Reynolds numbers), friction factor depends essentially on
the relative roughness of the pipe, ¢/ D, and becomes independent of the eynolds
number. Measurements in gas wells conducted by R.V.Smith, (1950), yielded a
correlation for friction factor in tubings that became the norm for most equations used
by the gas industry and which appear in engineering handbooks. Smith measurements
are expressed in terms of friction factor as:

~ 0.01748 ___ 0'002347 29)
h|T D™
D°224[|1 |39 .37inc }
Im

When substituting into the rate equation gives:

} (p2-p2)" (30)

M

D2.612 s/2
q,,=0.986(10°)| — ——
Z, T\ -1

av " av

This is the metric version of the rate equation suggested by Fetkovich for integrated
field studies.
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The rate equation in oilfield units

In practical field units (psia, Mscf/D, ft, °R), the datum corrected rate equation (eq
26) is

0.5
_ 520 D° g2 0.5
= (107°)86400~ 2(32. 17 cos 2 _p?
(10 [ j[ al” [[125 r j T Je D (ph-p?)

av " av (

Substituting the expression for Moody friction factor
0.5

~ 520 05 D° es/2 05
= (107°)86400— ( ) 2(32.17)cosa 2 —p?
Q0R007 a7 L2527 )cose 125(0'01748j Z, T -D) (p2-pi)
D0.224
Which finally gives
2612 s/2
qsc=292.9{ D - ] (p2-p?)” (31)
av av € -

Fetkovich Rate Equation
The equation used by Fetkovich in his 1975 is derived from the IOCC manual and is
(rate is in mscf/d)

31.62e°" 05
qsc_ ( pvzv - ptz) (32)
I:rZavTav \/(es _1)
where F, :O'é?#
The relationship between F, and the friction factors is, by definition,:
f
2.6665| ™ |g°
C2_ 26665f.0° ( 4 jq
" D* D®

where: D= inner tubing diameter, in and q is the gas rate in MMscf/D.

The dimensional expression F, has been introduced originally by Cullender and
Smith (1956) to facilitate another method to calculated bottom hole pressure
accounting for changes in temperature and compressibility factor. The IOCC
preferred to apply it in its manual rather than the dimensionless friction factor
(Oklahoma City People versus the rest of the world). By substituting the empirical
value of F, to the rate equation it becomes:

D2.612 s/2

U= 292.9 ﬁ] ( pvzv - pt2 )0'5 (33)

For control purposes, the equation will be converted to practical metric units

2612 512
4= 2029 1000)( 1 j[(39.37D) }14 L

1 N\3614){z 18T Jee-p| 1 V"

or

q.= 0998(109)[ D2512 s/2 } ( 2)0.5 (34)

av avV
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The pressure equations in practical field units (Metric)

The pure Sl pressure equation developed earlier is

8 f,

L=pleh——M Z s-1 0.1
pr pt e D gCOSa(Tj ( av av) ( )qsc ( )
or, when substituting values for the constants,

g8 (10°Y) (e - 1)

L=prett——| | f, (2T ) 2 0.2
pvvf pt e 72'2 981 {293]50 M ( av av) DSCOSOC qsc ( )
giving
= plet +06241,, (2, T, YLD 03)

D°cosa

When converting to practical metric units, Sm*d, bara, m, The equation becomes

o= pre’+ 29624 fu (Za T av)Z(e )Qi (0.4)
(10°)" (86400)° D°cosa
or
b7 = peS+L295(0) f, (2, T, L&D 05)
! D°cosa ¢

Similarly, the other form of the pressure equation in Sl units

2
16 (28.97)( p (e*-1) ,
2eS+ = fy Ly Zy Ty 0.6
pwf pt (ﬂ'zj R [TSC ] M av av S D5 qsc ( )
or
S+658 f, L ZT(S'l)2 0.7
pwf pte M 7g av avS—D5 sc ()
Giving in practical metric units
Do =P, e°+8.8(107°) f, Ly Z, T (e -1) (0.8)

av 'av S—Ds sc

Appendix A

The relationship between f,and the F. in the IOCC equation

Interstate Oil Compact Commission “manual of Backpressure Testing of Gas
Wells”, Oklahoma City, Oklahoma

Cullender and Smith (1956) introduced originally the dimensional expression F., .

a function of f,,, flow rate, and pipe diameter. Back calculating the friction factor

from the F ; used in the IOCC equation yields
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0.00437

fr = D022
0.9
0.01748 09)

fu = D022

Starting with the IOCC equation as listed in Fetkovich’s paper from 1975 (before
dividing by ¢° for datum change):

[EqT,Z, T
2 — 2 S+ rv'av&av S _ 1
Puw= P € _—31.62 } (e )

Rearranging,
[FT,Z

2
2 — n2 S| rlavtay S .1 2
Pu= P =37 } (e” - 1)ds

where :
F_ 0.10797

7o and pipe diameter D is in inch, and the gas rate is in Mscf/d

(Note: there is an error in the pressure equation in the original 1975 paper where the
equations are hand written, there the number 31.62 is wrongly written as 1000. The error
has been corrected in later prints of the paper, also be aware that the rate equation in
most gas engineering manuals is reported in MMscf/d, Fetkovich uses Mscf/d in his
analysis)

For comparison, taking any of the widely used engineering equations, for example in the
SPE —Petroleum Engineering Handbook (Chapter 34 “Wellbore Hydraulics” by
Bertuzzi, Fetkovich, Poettmann and Thomas, equation 44) which applies Moody
friction factor f,

S -
pi=pieS+25f, Hy, ZT % 2 (0.10)
or, by substituting the expression for s

S -
pi=pieS+25f, Z2 T2 (e"-1) (0.11)

*0.0375D° °*°
or in the The Canadian Energy Resource Conservation Board Manual on gas well
testing which applies Fanning friction factor (Note that Moody factor is 4x Fanning
factor)

S -
pi=pie®+100f. Hy, Z,, T e 1) (0.12)

av 'av S D5

The units in these two equations are: P= psia, H= vertical depth, ft, , g=flow-rate,
MMscfd, d=inch, f=friction factor (dimensionless), and s is expressed by the following
expression:

(28.97)7,9 H 2[ (28.97)(32.174) 2

Z.RT,, (10.732)(144)(32.174) | Z,,T,,

5=2 H =0.0375—2¢ H

av " av

(0.13)

To back calculate the friction factor as implied by the IOCC equation, a comparison is
made between the second terms on the right hand side of the IOCC and the ERCB
equations (converting it from MMscf/d to Mscf/d as used by the IOCC).
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I:rTavZav i eS -1 -
[W:l ( eS - 1) qgc =100 fF H Vg Zav Tav %qic(lo 6)

Substituting s in the denominator of the right hand side gives

S -
1000[F,T,,Z,, ' (&° - 1)a% =100f. H 7, Z,, Tav[ (e - D ¢
0.0375_ 7% HJ DS

av " av

which, when compared with the relevant term in IOCC equation gives:

1
Fl=01f, ———
(7] " (0.0375)D°

Solving for the Fanning Friction factor ,fr
f. =[F.]*(0.375) D°® and

and substituting F, :% gi
0.10797 4.371(10°%) 0.00437 .. . .
fe :{W} (0.375)D° = Doz = oz , Which is equivalent to :
0.10797 T 17.484(10°) 0.0174
fu :4{W} (0'375) D* = D022 = D022

The diameter, D, in both expressions is in Inch (While the pipe length in the equation
is in ft).

References for developing the rate equation

Katz, D.L., Cornel, D., Kobayashi, R., Poetmann, F.H., Vary, J.A. Elenbass, J.R.,
Weinaug, C.F.” Handbook of Natural Gas Engineering”, McGrraw-Hill Publishing
Company, 1959

Smith, R.V. “Determining Friction Factors for Measuring Productivity of Gas Wells”
Trans AIME, Vol 189: (73) 1950

Energy Resources Conservation Board (ERCB) “Theory and Practice of the Testing
of Gas Wells”, ERCB 73-34, Third Edition, 1975..

Katz, D.L., Lee, R.L., “Natural Gas Engineering-Production and Storage” McGraw-
Hill Publishing Company (1990)

Young, K.L. “Effect of Assumptions Used to Calculate Bottom-Hole Pressures in Gas
Wells” SPE paper 1626 (1966)

References for the friction factor in gas wells

Smith, R.V., Willims R.H., and Dewees, E.J. “Measurements of Resistance to Flow of
Fluids in Natural Gas Wells” Trans AIME (201), 279, 1954

Cullender M.H., and Smith R.V. “ Practical solution of the Gas Flow Equations for
Wells and Pipelines with Large Temperature Gradients” Trans AIME Vol 207 281-
287 (1956)
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e

—pR  —pwf

—pwh —ptemp

—pplem —psep

2

pressure, p, [baral
[y —
=3 =

50
0
0 5 10 15 20 25
time, [years]
2.50EH7 180
\ 160
2.00E407 140
3 120
g —f
%1.50E+07 100 _,
= —deltap choke 8
w 80 =2
g g
& LOOE+07 60
5 Z
lg 40 E-
5.00E+06 20 3
0
0.00E+00 -20

0 5 10 15 20 25
time, [years]




Snphvit qas Field (Base Case Data)

G=IGIP 270E+03 5m3
Annual production rate 0.027 fraction of IGIP 1. Identical wells (i.e same PR CR, n, Ct, 5)
Production days per vear 365 day 2. System is Symmetric
T 92 oC 3. Field Rate = 20 MMSCM
Pi, imitial Res pressure 275 bara quwell = gg/no.of wells
C. inflow Back pressure coefficient 1000 5m3/bar*2n PR=ZR* P/Zi = [1-Gp/G)
n, backpressure, exponent 1 Pwf = sqrt{Pr*2-qg/C) as n=1
Ct, Tubing coefficient (2100 MDx0.15ID m) 4.03E+04 Sm3/bar Pwh = sqrtf{pwf*2/e"s)-({gg/Ct)"2))
Elevation coeff, 5 0.155 Psep
CFL Flowtine  Template PLEM (5000x0.335 IDm 2.83E+05 Sm3/bar Pplem
Cor pigstine:  PLEM-Shore (158600x0.68 1D m) 2.75E+05 Sm3/bar Prempl
Separator (shug catcher) pressure 35 bara
Gas molecular weight (Methane) 16 kg/kmole
Gas specific gravity 0.55 Gas specific gravity
Number of templates 3
Number of wells poer template 3
Desired plateau years
afield 20.0E+6 [Sm*3/d]
time quell Gp 7 RF PR pwf pwh ptemp gtemp  gfield Pplem  Psep Deltpchoke
[years] [Sm"3/d] [Sm~3] [bara] [bara] [bara] [bara] [Sm"3/d] [Sm*3/d] [bara] [bara] [bara]
0 2.22E+06 0O00.0E+D 0.967 0.000 276 272 246 B4 6.66E+06 2.00E+07 81 35 162
1 2.22E+06 7.3E+9 0.963 0.027 269 264 238 B4 6.66E+06 2.00E+07 81 35 154
2 222E+06  14.6E+9 0.957 0.054 260 256 230 B4 6.66E+06 2.00E+07 81 35 146
3 2.22E+06 219E+9 0.953 0.081 251 247 221 B4 6.66E+06 2.00E+07 81 35 138
4 2.22E+06 29.2E+9 0.548 0.108 242 238 213 B4 6.66E+06 2.00E+07 81 35 129
5 2.22E+06 36.5E+9 0.544 0.135 234 229 205 B4 6.66E+06 2.00E+07 81 35 121
& 2.22E+06 43.7E+9 0.941 0.162 226 221 197 B4 6.66E+06 2.00E+07 81 35 113
7 2.22F+06) 51.0E+9 0.937 0.189 218 213 189 84 6.66E+06 2.00E+07 81 35 105
8 2.22F+06 58.3E+9 0.935 0.216 210 04 181 84 6.66E+06 2.00E+07 81 35 57
9 2.22F+06 65.6E+9 0.932 0.243 202 156 173 84 6.66E+06 2.00E+07 81 35 89
10 222E+06) 729E+9 0.931 0.270 154 188 165 84 6.66E+06 2.00E+07 81 35 81
11 2.22F+06) B0.2E+9 0.929 0.297 187 181 158 84 6.66E+06 2.00E+07 81 35 74
12 2.22F+06) B7.5E+9 0.928 0324 179 173 150 84 6.66E+06 2.00E+07 81 35 66
13 2.22F+06) 94.8E+9 0.927 0.351 172 165 143 84 6.66E+06 2.00E+07 81 35 59
14 2.22F+06 102.1E+9 0.927 0.378 165 158 135 84 6.66E+06 2.00E+07 81 35 51
15 2.22F+06 109.4E+9 0.926 0.405 157 150 128 84 6.66E+06 2.00E+07 81 35 44
16 2.22F+06 116.6E+9 0.927 0432 150 143 120 84 6.66E+06 2.00E+07 81 35 36
17 2.22F+06 123.9E+9 0.927 0.458 143 135 112 84 6.66E+06 2.00E+07 81 35 28
18 2.22F+06 131.2F+9 0.928 0.486 136 128 104 84 6.66E+06 2.00E+07 81 35 20
19 2.22F+06 138.5E+9 0.929 0.513 129 120 96 84 6.66E+06 2.00E+07 81 35 13 -& Aﬂ‘, [D:t 0{
20 2.22E+06 145.8E+9 0.931 0.540 122 113 84 6.66E+06 2.00E+07 81 35 4 9 4&‘ P fO\\/ " [ U)ﬂ
"% 21 2.22E+06 148.7E+9 0.932 0.555 118 109 84 84 6.66E+06 2.00E+07 81 35 D‘q/
22 1.98E+06 , 160.4E+3 0.935 0.554 108 98 77 77/5.94E+06 1.78E+07 74 35 1] COL\/QF Abd"bu&“/b b
23 1.84E+06 "\166.9E+3 0.937 0.618 102 92 72 72| 5.52E+06 1.66E+07 70 35 1] 3
24 170E+06) 172.9E+9 0.939 0.640 96 87 68 68| 5.10E+06 1.53E+07 66 35 1]
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5.02.2016

Note Title
o Jommt
time qwell Gp
[years] [SmA3/d] [Smn3]
1] 2.22E+06  000.0EHD
1 2.22EH06 7.3E+9
2 2.22EH06 14.6E+9
3 2.22E+06 21.9E+9
4 2.22E+06 29.2E+9
5 2.22EH06 36.5E+9
6 2.22EH06 A43.7E+9

Ar

0.967
0.963
0.957
0.953
0.948
0.944
0.941

Cavv\/’"fr\'tj ‘{r(,w\ (Nt otG\U

RF PR pwf
[bara] [bara]

000.0E+0 276
27.0E-3  268.548
54.0E-3 259.8348
81.0E-3 251.0633

108.0E-3 242.4487

135.0e-3 234.0167

162.0e-3 225.7596

271.95
264.3839
255.5287
246.6041
237.8281
229.2262

220.79

pwh
[bara]
245,568
238.387
225.9684
221.4669
213.0883
204.8559
196.7603

N

ptemp

[bara]
83.96564
83.96564
83.96564
B83.96564
83.96564
83.96564
83.96564

gtemp  gfield

[sSm~3/d] [Sm~3/d] [bara]

6.66E+06
6.66E+06
6.66E+06
6.66E+06
6.66E+06
6.66E+06
6.66E+06

LY aEc"'\/\-osl, ‘JUCWJCS 1

oJ[ v, o\uu

2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07
2.00E+07

0 lae o\mF\/L o\,(JCl« \\r\Ito.L ”\H\”"\f’b\"'\ﬁ‘for c.;\(,wlc\b‘/\\c) e?‘,i,‘(m‘uhz

Pplem  Psep

81
81
81
81
81
81
81

[bara]
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Deltpchoke

[bara]
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121
113
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lic ...liquid level controller

I!\,bdrcwhc O{LPI/\AMOJ OMU ./lo o\i— @re jfr)o\[‘;\bof',




Gullfaks field lay out

2x1471 15 km
Gullveig : !

e

K

M

Gullfaks S
2510 UlTaKS Sar G
([____,.Hf 12 km
___—
N /*‘/\
Ie - 3
e e gl H
Skinnfaks / Rimfaks 10R
|
s Rimfaks Statpipe
Ri0URUCU GAS DEVELOPMENT LAYOUT
-..‘JI
5" T Pot Enerity
: i
Ul < i & DA
e |
R |
i
e
LG 14 e Pz
u.::lr: U 0 i WG K0P _ g 2
e L e !t wer o AT
L
20 D T LG
" i ¥ Wed  Luss
e 3
e Luc4a *  Diredtionsl sl
» & Develog it asl
LU 140 O Widet bothn
o daph ok ot
[ 20 w2 b
F AL e s gt Fosd

&




Sub-Trunkline Main
Trunkline

Procesing
facility



TransETIICE. -
Pipeline v
LPANAM A > 4

VEMNEZUELA

Pacific Ocean

LEGEND
B epioration —— Ol Pipelines Seiga  Port (Oil & Ligquids Facilities)
- — Gas Pipelines @  capitalCity
B roouction - Projects @  swton
- 2012 IV & Acquisitions | "The Company holds an indirect ownership interest of 49.999% in

Maurel et Prom Colombia BV,




-nuna[rm

(- Al Magmaah
)
Ar Rass el
Riyadh
A| Dusivachrs ot
Le]

algall
i :

Saudi Arabia ™"

0 Al Afly
w & Limn Al Ramith RRa
il Sanciiuary

Wad) Addawaii

saarlyall o 5aly
N Bishah a
g
[ Sabt Alslayah
a el .
Orog Band M aradh
Khamis Mushail Wikl Sanctuary

u....ud,_.n.w e ped Ml Same

0
L i

SHAYBAH OIL FIELD

Bahrain Sharjah [

“JL""“" Fugair?
MM Qatar 9
pagll e Abi.El;arm Hafey.

Qo

v United Arab®
»Le" Emirates

Oman



H*/nirc.\,(\‘c (zer’l[orvvwe, oj( prodzco"G'M Mtwofks ,

<£h

L ___-:;\




G'vau't.

1y

madd OOM-(/‘\/G-bOA A kL‘C J\V/\J)-Y-W\, - p) 1‘1

L
\ 1“\ E j.l s ﬁ], fﬁ\)
Al um.gA P\Eu’“'i -‘;o Jol.v{ /\>
R F

L, Aoy [)3 P’ 13 -

2; Qe""l ﬁ‘w,e& ﬁa ﬂ“\
LA

aval A Avall ’@(‘AW\

4 o x
3: Cede for vy Cvnwm{\‘% 1Ifﬁ,+i$ vj: = 0

wy -
Terabing gk by
AL Po|
:) x GZ dA((,\’L r,l
[ A - .
L 4 o 0 p;"ﬂ"fﬂbzﬂ:

7z lvamg 4: ] Pl‘:
32 By 0
“1. ﬁﬂ:i\"i;i’ﬁ;

- widh 4 0¥
5z with fy vead T



w\
™

A

/ hen A mfeorl 1ty teo complex
e n Ct i_[I C'\COVZA\‘U\'{ '(M vie GL?- 3m‘ol\fo~t

nebhod  ~ O\Ac.tat?cwk nmethod

T (J o{\rb jkj
L1
W
Wy
c ‘ v
0—‘- UMl 7 / /Q’ZLV\{ ; C\-/(P/L/(an
) (.l TP q,\ = C[l‘ (P{;,"PW:L) L: 1, EL’ LAL )
— ') S 7 0.5 7 / 7 L ’] 6.5
Z\ 2 ‘&Joll\ﬁ @l = CT; <£o},(" ]Dwt‘) ﬁl = CTL (@L = Pwt\i)
efl_., Jirrs
1/ 1 05 1/ 4]
2 I | Loyt g R
1 «“ow[,‘nq i E CFL] Q’a}kﬁ - \03) a‘;, "—CFLL (P‘J\L_pj)
(I B B4
o 1 L o0g
1_ ® i f)\()li?v\e ‘1t+ﬁ7— = CPL (Pj “Gep)
—
) )
—~~—
Mﬁl’\uol

b (o~ YoLVQ él'\i.) [Uﬁ@\,\ ul, eﬁ,./o,t\!MS, \'J\\'\j S I\wvwﬁ(o\t//

MA ]tor a Sbot&ﬂ oi’ eﬁ»w.tb‘on_{



Day 4 MRO Page 23 of 27 08/05/2014

NQ\:WOV\\A LS ooeu\.'m.g_

Novsj»\'me,aw' sls'}cm 6§_ e,ﬁ_\k.a,ll‘sm_s

"

g\'u,v\ A Sed O\V\OV\-\.\""\L.‘(‘ e?wa-f-\mu (A/LE)O
_(\ (%, Xy, =eeer \(M‘):O

te (% xg = M)=

]

)
!
’

’[’w(-xi)xl T Y“)SQ

(md w SeY o\ Valmes x X =--oo ¥,
that -C"\M\A/“'&V'e-ou._sﬂ\a veswlhks v

oM &%wa\'\ew cq_\na.j\'v.j Zevo
SEVEVEVED AL S AL 3 'S BRVEAVER ‘B 2R Sl
Recall Newlown- Qa.y\'ss\n v oot (\'vudn'wf
Pvoce duve of ;(w‘):'o.

Re O Y O 4\\“(\ AJ

ﬂx;ﬂ-’—)ﬁ:-%% ”g "—%zl“M

This is Nfewtsw p-ov\o\\.Sov' —"W“M\'J‘L
solubow wvee dure (For e ¥LE)D
l. L)uss’)(

2 [wd L) awd ['[®

3 t.aj.cj;w\t d¥=()(i,~(')(;):— i,(—xl' ‘
L. ""faa;( X MW oy td gy 7[ [x)

5 caleware f(x) ,
SR DM

~ 9 Lﬁ'v B 9,

~

Lan




Day 4 MRO Page 24 of 27 08/05/2014

The c‘smr\\nad ‘f‘(b ceAduve i based

o\ g_\‘rs% oT‘d\e,V' 'T'o.,\;bbof‘ Sevve s w'm.w.sm,

f 05710 O, 73 £ )
Dve &(Y(‘O&.c\q }—Qf -SQ»QN\'V\Q a Se¥ o_l NLE
1S Yo use '\n\ﬁ,X\wo\)WLmsxomJ Vv Si'oy

O‘Q )IL\\[\-OV\ ‘Q&\O\ASOM wa_vhoé 404‘ O e ¢7“a-)mw GJ:DV(,o
This ¥ basted v '\n\.J»‘-\'—-J‘\MQ;V\S\'O\o

Tq,Wr Some s e_xpmn $1Qw ¢

—{-W‘ Qx &-V?J.LJ
00,0 )=
%1 L‘:LX:.‘)

i 1 3\ i . ) )
%ls 3,'-& O‘: LX,' -3314-()(,:”#’ lw‘;.

—

\./Y\-rg

()-)(:

e (0t 0L, SN
2 ) )
7 ‘)Y'\ \—R\{\/ 33‘?,
R.Qc,aj ,g—\w‘ S\:\”‘%'{& e,%'v\og.\'ww
f1(#)r dx==L(%)
wWe ¢ o~ ‘lev. (_5 oS owm) Mat Py C«l,\xa}lw
\$ \ra.oa\'o\ .J-mr Self o\. e%_\ko-\ﬂ«)\aj a.-v\J

Co e \ymlren 4 on D,vm.‘a Forwiuly
As warvi¢

3 3 T Ix, ] )
A%, 'axz 'S" (X’/)Xz)
d*‘l- ‘3&‘» .

3%, || ML"J te Lx,)xz)y




dy =

Day 4 MRO Page 25 of 27 08/05/2014

The ?ows-\d Adev W ovve we e x
ls colled Phe :S—;Q.,ccb\qm o_), he
5\35\'6\« . Thus -

1= (H]
3:;J= Y]
ooy

AX

—

A

I oijabv\o {—vcwv):
: 2y U
N P (B T L T

C—— 2 9 ’6)'97.
S

X, 23Xy I, 33X,

Ded evvmi~nan) °\ e -SOLC/‘DB)A.\Q

V0 % 4' s ‘D | B \ 3*7—
: - - 2 1y
X?— X" 2 = 3 QX/‘/

2ok | 24 e

X, 'a)()_ X, K,

d e'\'&V‘W‘V\ 79 4 b\ I

A v ole juww -‘—W(‘w (IQCOLI&V‘ ’(:Ufm)

[ oh 2b >,




Day 4 MRO

%, DA,
2h 3k
d'\‘ 1 3\/‘1,

N

Mo

2%

AU 2

Page 26 of 27 08/05/2014

The GV Yoy Q-%V\a,)'\mn ' & ‘“10-\/\

'_Di! o - am—- lb_ 1 rAx,

AKX +
|

\

——

|t

— | - -

)
I

Zm, | v

—~—

§

)

:

VX, ¥y XK,

=1 T 3 A vy \
{*“1 - LX‘ a7 A j
- T 141 =+ \+
ZX;-;&’ = LX» ) * 5 $MJ

NN

[3 1{%a]== {5 \r [T34%)

——

'Tlms e,%\a,\\ww < e Sﬂ. $w.Q;oe.¢'- \VESEY)
te chwigue suv s

G ON S Ev-l\\m)wq)u

Y 4

L. pnd L(x) avd }‘(x)

. celedade Ax=-{K)
)

“omp date xS XM

Ly g ot b Li‘_ e cess ory



Day 4 MRO Page 27 of 27

Nwo e a.YYmoL Jo soluhieu 2\
o Se\ | NLE

1. Corvmud &“b J\u_ ~Movi~)livecy 5\))“\0
&s O $1Y‘13’-f— .[_\Aw\c_s"m"‘

F(x)= 2 [wi 45 (.X'n, )‘L““XVA;L

The Vodue 'o\_ \—( thet miviivwize the
Yum e how pepresemb Yn LYY
s\ It Mewm-— limear £y shew |
Thes ‘\’\"“Mb‘p.a.}\qw s a C.la,ss d
?ﬂble\m c oM Mav~ Lime g Y‘egms‘w

08/05/2014



-X(,\ < ToL

i
(I \
A0 L TIN" Y
Y \(3\ |

We Vove b0 wolle our t’-“}’vcfl‘a'\j e{"(f‘oo} A~y avatd CmJL'f) of Lle f"L"

Uh Je}""ﬂ! 'PW\ U‘tTO/\

‘\.(ﬁo‘r\}d/'\,v\.
&u)eJ—VL Jwr bJ\‘z\\S Cofmv\—fr()c‘L
fo}twrc Z
//
welly ot to Hre wafho’u 2 Howlie can be reglected.
wé_{\.
N h,q
’ M —
T‘S‘\ Tab q
wi Wi 2
V\l
e eq. Wl.L\ ro"lb&ﬁr\ V‘c.'lu‘f({ {vg-\,\_ (I
> P b
@—Q (‘f},?r\zmr b\él/\uv qr.liy
obfeined o fl{’ i q‘&
o * h X
) UN 61 N ! PWL\ o ALJ,.DI,Q = PwL\,‘PJ‘ rff @\e rate) are 1[€an£(@
o V¥ iﬁ de {)VJL\,‘ 0 A‘W}’lake), - pa)’n:"ffﬂ JLL\L ALM‘Z o
re O

) i +§L % = Aodrober )




L’ub eptn chibe 2, dosd chale)

ﬁl L(q)nj d’\dM : how ( Lm -
W’-Of’ Gvu-g opts dhe beg)

// Cl"aLc J— efav\
doke 1 clang

/ uFaRIDLC

1

%L.(v\itﬁjf l&o ]tc‘ te ke 1 chosed,
W@u L,'L with d{\ol& | -F\,[,(ﬁ 0™

CL‘ul‘-h




1.2E46

UNFEASIBLE RATE

Closing choke 1, choke 2 open

MEe COMBINATIONS (
E 800.0F+3 - ‘32
N 3 |
N 600.0E43 - L% L
: FEASIBLE RATE ¢
H S
Swooes | COMBINATIONS | | %
m° ﬁ”
2000543 | ty ? ~
£, ‘
L//—_\
000.0E40 ‘ - ‘ : ‘ \/L—*
000.0E:0 200.0E+3 400.0E+3  G600.0F+3 800.0E+3  10E+6  1.2E46

Flow rate well 1, q,, [Sm*/d]






EXceL Q xercll

Well 1 . b frpe 19%.6 Laﬁx

Network of two gas wells

| IPR | Tubing | Flowline |
Component Name Pa C n 5 ct Cfl psep
[bara] [Sm~3/bar2n] [sm*3/bart2] [Sm~3/bart2]  [bara]
w1 120 52 0.8 0.13 7680 8673
w2 120 40 073 011 8600 7563
Pipeline 14080 28.6

1] H:)olnxkk %C[?LL»C\;M OL {le Sajhkﬂ (N) Cl"u“&)
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| IPR | Tubing I Flowline |
Pr C n s Cct cfl psep pwi qg pwh pj
[bara] [SmA3/barA2n] [Sm*3/bar*2] [Sm*3/bar*2] [bara] [bara] [SmA3/d] [bara] [bara]
120 52 0.8 0.13 7680 8673 110 25432 103 103
120 40 0.73 0.11 2600 7563 110 13285 104 104'
14080 28.6 =H
Lo Unty poont
V‘O y 6""’
Do
(0 LUt lalaPon,
IPR | Tubing | Flowline |
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¢ Horizontal well with Open Hole completion
- Including damage zone

“ Heel-toe effect Pressure losses along a horizontal wellbore in a homogeneous formation cause the
flowing tubing pressure to be lower at the well’s heel than at the toe. In time, and long before oil (green) from
sections near the toe arrives at the wellbore, water (blue) or gas (red) is drawn to the heel {(fop), resulting

in an early end to the well’s productive life. Inflow control devices inside sand screen assemblies equalize
the pressure drop along the entire length of the wellbore, promoting uniform flow of oil and gas through the
formation (hoffom) so that the arrivals of water and aoas are del. d and sim 301IS

l Swell packer
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Point of entry Flow through

unperforated base pipe

Flow through
open orifices

Flow through holes
in the base pipe

Flow up through the
{ubing

Helical channel

Holes in base pipe to
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Figure 14 Helical channel type, EqualizerTM, Baker Oil Tools [22]




1 Radial Darcy flow through reservoir
2 Annular flow

2 Through screen

3 Under wrapping

4 Through nozzles

5 Inside production tubing
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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 M(bb N Ag ‘)\‘ SV\
issues are properly analyzed and put in the right perspective to achieve an optimal well completion design and solution. )

Nozzle-Type ICD = = =

Helical-Channel ICD

A Leading ICD types. Fluid from the formation (red arrows) flows through multiple
screen layers mounted on an inner jacket, and along the annulus between the
solid basepipe and the screens. It then enters the production tubing through

a restriction in the case of nozzle- and orifice-based tools (top), or through a
tortuous pathway in the case of helical- and tube-hased devices (bottom).
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Figure 1: Statoil’s RCP valve conneted to the base pipe in a sand screen joint in the well.

Inlet: From reservoir

Outlet: Into well Qutlet; Into well

Figure 2: Statoil’'s RCP valve Figure 3: Schematic sketch of Statoil's RCP valve
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1 Radial Darcy flow through reservoir
2 Annular flow

— 2 Through screen

3 Under wrapping

— T 4 Through nozzles

5 Inside production tubing
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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
I lissues are properly analyzed and put in the right perspective to achieve an optimal well completion design and solution.

https://www.youtube.com/watch?v=E2g4hxGZP94
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Allocation (oil and gas)

From Wikipedia, the free encyclopedia

In the petroleum industry, allocation refers to practices of breaking down measures of quantities of extracted hydrocarbons across various
contributing sources.['] Allocation aids the attribution of ownerships of hydrocarbons as each contributing element to a commingled flow or to a
storage of petroleum may have a unigue ownership. Contributing sources in this context are typically producing petroleum wells delivering
flows of petroleum or flows of natural gas to a commingled flow or storage.

The terms hydrocarbon accounting and allocation are sometimes used interchangeably.m[?’] Hydrocarbon accounting has a wider scope,
taking advantages of allocation results, it is the petroleum management process by which ownership of extracted hydrocarbons is determined
and tracked from a point of sale or discharge back to the point of extraction. In this way, hydrocarbon accounting also covers inventory control,
material balance, and practices to trace ownership of hydrocarbons being transported in a transportation system, e.g. through pipelines to

customers distant from the production plant.

In an allocation problem, contributing sources are more widely natural gas streams, fluid flows or multiphase flows derived from formations or
zones in a well, from wells, and from fields, unitised production entities or production facilities. In hydrocarbon accounting, quantities of
extracted hydrocarbon can be further split by ownership, by "cost oil" or "profit oil" categories, and broken down to individual composition
fraction types. Such components may be alkane hydrocarbons, boiling point fractions,*] and mole weight fractions.>]



Principles of Allocation;

Proportion based allocation: An allocation prin-
cipal commonly used in the oil and gas indlustry is
called proportional allocation. Proportional alloca-
tion assigns the quantity measured by reference
meter (total system entitlement) back to incoming
streams (sources) in proportional to the quantity
measured hy allocation meter in each stream. In
other words, proportional allocation assign the dif-
ference between reference meter and sum of quan-
tity by all allocation meters, either positive or
negative, to each stream according to the relative
quantity measured by allocation meters. The propor-
tional allocation is irrespective of the measurement
uncertainty in the allocation meters,

Allocation Procedure:

The example of fundamental application of allo-
cation is show in Figl, where allocation meters
Meter#1, Meter#2 and Meter#3 measure quantity
Q,, Q,, Q, respectively in the incoming or source
streams. Fluid from these three sources are
comingled in the form of processing, pipeline or
storage etc and output quantity Q, is measured by
reference meter, Meter#R.

In the ideal situation, the summation of quantity
measured by incoming source (allocation) flow
meters, Q,, Q,, and Q, should be equal to the
quantity measured by reference meter, Q,, after
accounting fuel consumption and flaring etc.
However, in the practical world, they would not
match and so rules are required to account for the
differences.

Normally the quantity measured by reference meter
is assumed to be true or accepted value, so the
imbalanceis allocated back to the allocation streams
according to a defined allocation principle.
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0 -> Stratified smooth

1 -» Stratified wavy

2 -> Annular

3> Slug flow

4 -> Bubble flow

5 -» Two-phase oil/water
6 -> Single phase gas

7 -> Single phase oil

8 -> Single phase water
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Bubble Point Pressure . blare
- 182[ [R5, 10 -14]

where
a  =000091T - 0.0125(API)
P,  =bubble point pressure, psia
Ry =solution gas to oil ratio SCF/STB
T  =Temperature, °F
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Wax ’slug’ in pig trap at Statfjord B

Inhibitors:Methanol, mono ethylene glycol

Hydrates

* Hydrate is water in a solid structure with small gas molecules in cavities

—Much like snow/ice
» Water freeze at 0°C, what about hydrates?

Hydrates

* Requirements for hydrate formation
—Free water
—Small gas molecules (N,, CO,, CH,, C,.C;,..)
—Low temperature
=High pressure

Pressure [bar]

No hydrates

0 5 10 15 20 25 30
Temperature [C]

Hydrate equilibrium line: correlations,
Injection of chemicals: costly! measurement, EOS equilibrium calculations
Conserve heat, avoid high temperature drop

8" Flowline

Thermal Insulation
Heating lines
Signal/Power cables
Hydraulic/injection lines
HV-power cables

Wax: regular pigging
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PIV measurement in a radial flow stage
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Introduction to Offshore Structures
with focus on Marine Dynamics

y 571)<c,\fo,t]
Statistics of waves : [ o
Wave surface elevation : \-'I_". A
Wave spectrum (Hs, Tp) # oo L', L e A L fime
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Fluid-structure interaction

s .
Dynamic analysis response

For practical purposes considered linear

J

Statistics of the response

ion of design and operation
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Cases that show how not to do it

Typhnnn up_side down after
The Mars TLP after the hurricane Katrina hurricane Rita




Waves statistics / Short-term

7

;
-
[
ek ]
=
=
T T Ts F
Zero-upcrossings Hi, Ha, Hs _.individual wave heights
Ty, T2, Ts ...comesponding zero-upcrossings penods
1
Tz:E T4+ T+ +Ty) %)

-

1
Hm#an:H(Hl‘l'Hl'l'H?‘l'""}'Hﬁl (10)



Waves statistics / Short-term

e Distribution of wave surface elevation

1
L= (Ta+ T+ T+ -+ Ty) (9)

H

1
mean_E(Hl+H:+H3+'"+HN) (10)

III.- ."\'1
{(t) = 2,(‘” sinu;t + £4)

J‘MWWV\NWM JErmat 2yt
-3t - Wean: u= o ,,.Zr, =0

Wirve elevabon, £, m
i

4
50 Lo 130 100
ﬂ tirne, ¢, & Variance: ;% = ;;;Z{c, - )P = El:f;,.r;"
ral =
\_ 7 .. standard deviation

= o

o . Probability gensity function of wave elevation [Gauss@an):
£ (0 ! Y
_— ] 5 - —— eapy | — —
0.1 < apy 2m f gz 2
- 1 1 1

Dhatobubonof [, frii-

Wave elevation, {, m

Fig. 8. Wave surface elevation normally distributed (Ganssian)



Distribution of &, fafH)

Waves statistics / Short-term

e Distribution of Wave Height

Ravleigh distribution, which canbe writtenas:

H}—H
fu (H =10,

5 exp

C g\
mﬂ'ﬂ"ﬁ)

1

0 5 10

Wave height, 5, m

15

(11)

The mean and variance of wave height can now be expressed as follow:

Himean = fn ;.;H fu () aF
[ Fa () di

= J-m H fy (H) dH
0

- f (H = Hyngan) fiy (H) dH
o



Waves statistics / Short-term

e Distribution of Wave Height

From statistics, the probability for the stochastic variable wave height H is lower that certain
value H' is given by}

Hi H; 2

P(H<H") = fu(HYdH= F; (H)=1-exp -(—) (14)
0 a { VIE

Where Fy (H) is the cumulative distribution function (cdf) for the wave height. Fig. 10

provides an example of probability density function f;; and cumulative distribution function

F,; for the wave height of the wave record in Fig, 8. For example, in the figure it can be seen
that less than 75% of the waves will have wave heights lower than approximately 7m, or one
could say that the probability of exceeding 7m wave height is 25%.



Waves statistics / Short-term

e Distribution of Wave Height

=
-

[
S
- Ex,
— N -
Eg_ mean y
;:‘ ' T 07sf 7
iEH E
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y- £
= =
= = 025 N
= oo
ke =
- L]
5 5 2 — 0
0 3 10 15 20 = 0 5 10 15 20
o

Warve height, &, m Wave height, &, m

Fig. 10, Probability density function fy (Rayleigh distribution) and cumulative distribution function
Fy for the wave height of certain sea state.



Waves statistics / Short-term
Distribution of Wave Height

At this instant. it is also convenient tc bring up the definition of significant wave height. H_.
H_ o or H. ;5. whichis defined as the average of the highest 1/3 of the waves in the record.

Ilence, according toTig. 11, the 7l is provided by:

% 2

f
-

dH
i ﬂ'{\"ﬁ J

s = g, exp
L Hfy (H) dH  “ris™ 207

H_ =—1 = {15)
* ... fu(H) dH 1/3

n(3) (16)

015

o=
et
I

C.05¢

Distribution of H, £ @

L
LA

Wave height, H, m

Fig. 11. Probability density fimction /., (Ravleigh distribution) and significant wave height ofa
certain sea stafe.



e Exercise

Short-term
statistics

Ex. 2 Wave energy spectrum and time domain wave record

The total surface elevetions in the previous EX 1 is assumed to be Gaussian distributed, which
means that the expected mean value will be zero and the variance equal to a;%, and they are
considered to be constant dunng the whole tune interval. This s illustrated in the figure

below.

gl

Tasks:

VARVAV

Wave surface elevation

V\i

Distribution of surface elevation
Goussias distributed with sero meon
varlue ard vorfonge O

Using the data of wave surface elevation for time steps from 0,1,2...300s, find:

- Statistical caleulations:

1. The mezn value of wave surface elevation, {
The variance of the surface elevation, azf

The limit of the highest 1/3 of wave heights, Jiy;
The significant wave height H.

FO Ve Y

- Distributions:

1. Probability density function of wave elevations. f; ({) (Gaussian distribution)
2. Probability density function of wave heights, fi; (H) (Rayleigh distribution)

3. Commlative distnbution function of wave heights, Fy (1)

Useful equations:
In(3
H5=40¢- hl,’3 =4U’{ ng )

RS S _(L)

R{ ) _a¢v2n w G{'\'ri
H i\’

Pl =32 % l‘ (U(Jé) l

Fy(l)=1—exp {— (E:@)Z]




Motion of marine structures
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Waves, wind and current comparable with

Norway

West Africa
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FIXED: FLOATING ARTICULATED FLOATING

A A A
r A A A Ty
Jackets Gravity-Based Semi-submersible  Floating Tension Leg
structure production ship Platform (TLP}

(GBS) (eg. FPSO)







Table 1. Examples of offshore structures in the NCS for different water depths.

Water depth Field Offshore structure

70-75 mts Ekofisk  Jackets

120-130 mts Balder FPSO

130-250 mts Gullfaks ~ Concrete fixed facilities and steel topside
300 mts Troll Concrete fixed facilities and steel topside
300 mts Asgard B Semi-submersible platform

300-350 mts Snorre TLP steel platform

370 mts Kristin Semi-submersible platform

1300 mts Luva* Spar platform

*Future field development



RIG TYPES

Platform Tender Semi-sub. Semi-sub. Cerillship

ri .
landrig  Barge fig rig moored DP mode DP-mode
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Properties of Ocean Waves

e A fully developed sea is a sea state where
the waves generated by the wind are as
large as they can be under current
conditions of wind velocity.

e Significant wave height is the average of the
highest 1/3 of the waves present.

— Good indicator of potential for wave damage to
marine structures




Motion of marine structures

Added mass
Excitation loads Damping and Restoring

forces and momeonis

Superposition of wave excitation, added mass, damping and restoring loads.

- Semi-analytical
» - Numerical Model

-  Experimental testing



Scaled-down Exp. Tests




Scaled-down Exp. Tests

10,000 year cyclonic max wave
Beam sea

Hs=207m, Tp=16.8s

Wind 44.0 m/s, Current 2.2 m/s



Motion of marine structures

Response amplitude operator, RAO

it establishes a relation between the motion and wave
amplitude in the frequency domain

" . Qaplocement
£ (\r“w — L R
. IR . L — Trowik 8ingo 3000 25,0001
heave motion of g 1,‘1',?‘%1 \ T el e
semi-submersible Eor NNV ITIEES
e R |
platforms £ {
z °
g 04
v}
E 'D
m n
g
I

i 1 | i
33 B3 54 B3 0T [} o8
Fraquency , w,rad/s
1 1 1 1 1 1 i i
2220 B % 5 2 10 a
Pericd, T, =
1 1 ] 1 I 1 1 1
800 600 500 400 300 200 %0 500
Wave length, A,m

Fig. 24.Eepresentative heave response transfer functions for different semi-submersibles.



Motion of marine structures

,mim

000 205 .0 QL 0.20 025

"y
"l'll

Surge (horizontal)
motion of TLP
platforms

0.0 08 0.20 025
Frequency , w, rad/s

_a_
2
5

Surgee response transfer function,

Fig. 25, Surge response transfer function of TLP.



Dynamic load factor, DLF, —

Motion of marine structures

M — F(t) = Fysin(wt)
=

12
—E=005

10 [ e E=0.10
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o | - -&=1.00

6

4
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0 r T T
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Frequency ratio, 8, —

Higher order wave loads
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Illustration of largest natural period versus depth for some platform concepts, and
periods for important environmental loads.



Motion of marine structures

Which natural periods (=2n/o,) do we phase for offshore structures?

* Fixed platforms:
Jackets and GBS's:  About: 1s for depth < 100m, 3-6s for 200-260m depth
Jackups: About: 4-6< for depth of about 80 150m (depending on foundation solutlon).
* Floatng platforms:
Heave seml-submersible: 23 = 265
Surge/sway of catenary moored semi submerisbie: 60 - 30s
PitchRoll of semi submersible: 30 ~ 60s
Heava of Call spar platform (sse next page): 26 - 165
Surgelsway of taut moored spar: 2 = 3 min.
Roll = piteh of spar: about 1 min
* Artioulated platiorms
Heavs TLP 2=3s
Surge/sway of TLP (300 - 400m depth): 1 =2min.
RolUPitch of TLP; 2-38s

G R e N L R
StatoilHydro



Current world fleet of floating systems

Not shown in the bar charts & § FPAO off-field mvaiting contract . Ao not shown are
@Q 3 3 proguction semis that are off=ffeld and may or may Rod remrn o producion.

256 Floating Production Units worldwide (Aug 2011, ref. Petroleum Insights)

62% are floating production, storage, offloading (FPSO) vessels;
17% are production semisubmersibles (Semi);
9% are tension leg platforms (TLP);

7% are production spars;

and the remaining 5% are production barges and floating storage and regasification units

(FSRUS). I AkerSolutions
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FPSO (Floating Production Storage and Offloading)

Ship shaped or circular
Large storage capacity
Large topside capacity

Good separation between hazardous and non-
hazardous areas

Fair motions
Flexible risers and turret L F'_rfrerw::mf-ii?" :
Integration and commissioning inshore e . Pidtecing \ e

—fatifies i
iz e
--.M{:nmﬁ'r:ud&!ign'-..‘i__ ot 1 Officading

=Xy

Thruster

Meoring ChainA®ire

«Subsea System

Risers




Semi-Submersible (Semi)

s Flexible concept with large (unlimited) capacity, topside weight and area
s Column stabilized
= No water depth limit

s Good motions
¢ F[easible with Steel Catenary Risers (SCRs) in deep water

s No (limited) storage
= [ntegration and commissioning inshore

Drilling
Ultra-Deepwater '

Semi-submersible

7

Flexible risers
yancy:

Chain/Wire/Chain




Main Platform Elements - Gjoa

g
Utility and Process areas }5
15 600 t B
| W
f__'l | ;,-"

Riser area

5500t

14000t

Living Quarters & Helideck Hull




TLP (Tension Leg Platform)

= Station keeping and stability by tethers
= Excellent motions

= Top Tensioned Risers (TTRs) and dry trees
m Large capacity, limited by tethers
= No storage

m Integration and commissioning inshore




Spar Platforms

s Weight stable (by counter weight)
m Limited capacity, limited footprint
= Excellent motions
= Top Tensioned Risers possible
m Storage (limited)

= Integration and commissioning offshore or
inshore in deep fiord (= 200 m WD)

Aker design: «Belly Spar»

B AkerSolutions



Mooring Systems

s Purpose of mooring is to keep platform on location

Catenary mooring .
(traditional) Taut mooring Tethers (steel pipe)




Risers

= 1he tube that connect the platform to the well head. Purpose is to transport
hydrocarbons from the well to the platform or to export hydrocarbons from
the platform to pipeline/shuttle tanker

Steel Catenary Risers Top Tensioned Risers
(SCR) (TTR)

p—
i kg k-
e
L e
4 e
i
3 . £
%, Ty
r

Flexible Risers

e




Riser tensioner

Top Dive (Drilling
machine used to
rotate the drill sting)

REB /Drill foor

Gambal ‘flex joint

Deverter {anmular walve
used for closing the riser-
drillstring anmulus )

] . D;:'i!-u.lg. :M -L'ef;.ll'll:

¢ line with valve

Seal

Sea waker

| Wae |

| Flex joimt used to allow inclination of riser

Riser comector
(nsed te disconnect the
mser from the BOF)

—»

BOP (used to seal anmulus/cut dnll -—P

string if revared/close the well)

30 Stmectural casing

207 wellhead casing

o

Crown block (mery include conpensator) |

Travelling block (nay mxlnde conrpensaion)

Deawworks (usad to nn
thee drill strimg) |
(Mew systems allows

thee vt also fo be used

.
-
| #4— Riser
fenrsion ring
T )
T | Telescope with seals

Buoyancy | (nsed to compensate for vessel
elements | heave motions)

Dnlling {
mmd fivr heave compensation) |

supply

| F———

(a) Wire-line. (b) N-line.

Diverter line with
valve {used 1o divent

/ gas from the riser)

Raser tensiomer (used to keeps
the riser in tension)

The different riser tensioner systems {National Oilwell Varco, 20070).

-

L
‘\\\ Riser fill-vp valve (used to avoid collapse
of niser when heavy tmd 15 dramed 10 sea)

Lower manine riser packaee
{anmular walve used to close the
riser)

Temporary &permanent gridebase

Sea bed

Dill string

Figure 5.3: Production riser tensioner system at the TLP Jolliet (National Oilwell
Varco, 2007h).




Principal Selection Criteria

Storage or pipeline?
FPSO Drilling capabilities or independent drilling
Mild weather: || Severe weather: Dry trees or Wet trees Semi / mini TLP / Spar
Mo turret Turret
/ \ Blind Faith

West Africa Aasgard A Gjoa

SE Asia Norne TLP / Spar Semi w. drill Typhoon

Conversions sSkarv : T
Snorre A Njord ~ed :mk:
Diana Snorre B -
Shenzi Thunder Horse
Tahit

k= AkerSolutions




WH Fatigue

Background

* |[ncreased re-entry on existing wells on the Norwegian
continental shelf

* Complex well designs and operations including mutilateral-
and smart wells increases drilling time. Increased amount on
intervention and work-over operations on sub sea wells.

* Life time extension of wells, Specified total drilling time for
new complex wells can be up to 300 days

* Increased size of drilling rigs and weight of BOP's, on new
rigs up to 400 ton
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Deilling.

IMhase 1

Completion.
Phase 2

Waorkover.
Plaase 3

Raotary,
diverter,
flex joint

Fiser
tensione

Flex

3N

BOP

WH
datum

Telescopic
Jjoint

Marine
Riser

-

Hydril will supply two BOP coritrol stacks and a multiplex pressure control
system similar to this for the Ocean Endeavor (Fig, 3, imoge from Hydril Co.

Weight : 250 Ti

n ai
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Table 1. Examples of offshore structures in the NCS for different water depths.

UNNEL

Water depth

Offshore stiucture

Jackets
FPSO
Concrete fixed facilities and steel topside

Concrete fixed facilities and steel topside
Semi-submersible platform

A€

TLP steel platform
Semi-submersible platform
Spar platform
*Future field development
0Cern NVAVES | LoADS .
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Fig. 4. Tlustration of sea waves and swell generation.
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\WiAd-generated waves present irregularity motion that in time and space cannot be exactly "

predicted. Therefore, it is a common practice to represent the elevation of the sea surface with sum
of many sinusoidal waves with different direction, amplitudes, frequencies, and phases

Regular longeresiod wave s
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- True wave surface alevafion
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Motion of marine structures

Added mass
Exclitation koads Damping and Restering

forces and moments

Superposition of wave excitation, added mass, damping and restoring loads.

- Semi-analytical
# - Numerical Model

- Experimental testing

*"Punpose

- NeLrzehtion 0T
Moonztd SYsTEeN

- VBlsfrontoon O
pék (Ve

— OLonA, MoTIONS

10,000 year cyclonic max wave
Beam sea
Hs=20.7m,Tp=16.8s

Wind 44.0 m/s, Current 2.2 m/s
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Response amplitude operator, RAO

it establishes a relation between the motion and wave
amplitude in the frequency domain

heave motion of
semi-submersible
platforms

N

Heave response transfer function,

=, m/m

Kaa
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Fig. 24.Representative heave response transfer functions for different semi-submersibles.
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Introduction to the Analysis of Offshore Structure Page 45 of 48

Ex.1 Wave energy spectrum and time domain wave record

A wave energy spectrum obtained from 20 min sample of instrumentally recorded wave data
in the Troll field (position 60° 45' 21.12" N 3° 38' 22.98" E) is given in the figure below. The
spectrum has been simplified to a column type diagram with frequency steps of Aw=0.1 rad/s,
and the values are given in the table. This sea state is formed by long crested deep-water

waves. » 0 A “'0)\/,5
w7
A - %
Nt
ki radys m-s
E_ 0.35 1.1
§ 10 0.45 i
5 055 126
E. 0.65 8.6
g 5 0.75 5.2
E 0.85 31
3 095 19
0
0 02 04 06 08 1 12 14 o e
| " 115 08
Fleqllenl:). . raa/s 1.25 0.5
Tasks:

1. Find the wave surface elevation amplitude for each wave component
2. Find and plot the wave elevation function corresponding to the first. fourth and eighth
wave component (0.35. 0.65 and1.05 rad’s).
Then. find and plot the resulting wave surface elevation by adding the contribution of
all the harmonic wave components for time steps such as: 0.1.2 ... 300s.
¢ Generate random values for the phase angle & among all wave components. To
do so. it is possible to use excel functions as follow: =RAND()*2*Pi()

L]

Useful equations:

e
I

Wave surface elevation for an “7” harmonic component: {;(x,t) = {,; sin(w; * t + &)

Total wave surface elevation: {(x, t) = Y, (s sin(w; * t + &)

Wave energy spectrum: é{ 2 () 2 8¢ () Aw;
E _y Yz ey o yN N Wi
i = Ei=12< ai(ml) = E{=1 SC (ml) Awl £ — USE
ZAr00M

FUNCTEON
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Instead of reducing manually the field rate, | set up the
solver to modify it automatically while honouring all
operational constraints.

Angi malk: |$C$521

Til: (®) Maks ) Min O Verdi av: {\‘tlo{ !‘c-t(

Ved 3 endre variabelceller:

scs52

Underlagt begrensningene: ‘to'tc\l_ Pgw S -L L \4‘\/\}

SABSS2 <= 22
§CS52 <= 20000000
5KS52 == 20

SUS52 <= 150

Leqgq til

= 1y S0 a4

\'\_Lastinnflagre ?JU'U 7/ 20 GN“-

Gjar ubegrensede variabler ikke-negative

Velg en lasningsmetode: lkke-linezer GRG . TTETTTab TAES i lsO’C

Lasningsmetode

Velg |kke-linezer GRG for Problemlgser-problemer som er jevne og ikke-linezere, Velg LP
[simpleks] for linezere problemer, og velg Evolusjonseer for problemer som er ujevne,
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-3 years with plateau, no issues

-year 4 activate cooling to avoid excesive outlet temperature, compressor operating at maximum power, not possible to deliver plateau rate
-Year 5, compressor operating at maximum power, not possible to deliver plateau rate

-years 6 and 7, reduce further the rate to avoid excessive outlet temperature, compressor operating at power less than maximum
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/ In the last two years outlet temperature is t
25.0E+6 limiting condition. | could produce more gas
but then the cooler efficiency has to be
improved.
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I"'have to move the points in the first 3 years inside the compressor map. J’\"M
One solution is to choke at the inlet of the compressor. \\\
In that way the compresor rp increases, i.e. the point goes up in the compression map.

| want to choke as less as possible, just to get the points inside the operation map.
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Modification of the excel sheet:

§ Pplem req deltap comp choke  psuc Tsue — 1p deftap  np n Tdis suc  adisc  Bg@suc  qglocal  Ahp m Power  Hptest qact test qact testsingle comp
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The deltap of the inlet choke is changed manually for the first three years until-all three points are inside the operational compressor
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