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ABSTRACT

his research is concerned with the development of a fuzzy logic model for assessing possibility
of geological success, which is a critical step in evaluating net present value of an exploratory
petroleum drilling project. The paper explores all related geological factors, and presents
scientific approaches for estimnating associated parameters. A real case study with respect
to Fault seal in Arthit concession is used to examine the performance of the fuzzy logic model through
3 different membership functions, Triangular, Trapezoid, and Gaussian. Addtionally, a solution, which
creats additional rules is proposed to deal with the limitation of output boundary, arising from Center

of Gravity based defuzzifier.

From the results, using fuzzy logic model with Trapezoidal-shaped membership function provides
the most accuracy with the percent deviation of 2.37-3.44 under the 95% confidence interval. The
findings confirm that fuzzy logic can be used as a decision support tool for geologists to estimate the

possibility of geological success.

Keywords: Fuzzy Logic, Possibility of Geological Success, Center of Gravity, Petroleum
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The Two-Step Method
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Modeled as a Dry Hole
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In high-risk, high-P10/P90 Exploration plays, the P10
scenario can account for in excess of 70% of the well’s PV
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(a) Trianguler MF (b) Trapezoidal MF
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(c) Gaussian MF
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w1 : Jang et al. (1997)
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Input Range Remark
Juxtaposition (0.01-0.3) Modified Historical Field Data
Shale Smear Factor (1-6) Historical Nearby Field Data
Offset Well Similarity (0-100) Expert Judgment
Data Confident (0-100) Expert Judgment

Output Range Remark
%P, (0-100%) Expert Judgment
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A5 2: NANITUNVRULUATIAGULATEVRITEAUTUAI 9

Input Step Range
High 0.01-0.13
Juxtaposition Medium 0.1-0.2
Low 0.15-0.3
High 1-3
Shale Smear Factor Medium 2.8-5
Low 3.5-6
High 70-100
Offset Well Similarity Medium 35-80
Low 1-50
Very High 80-100
High 55-85
Data Confident Medium 45-65
Low 20-47
Very Low 1-25
Output Step Range
High 0.55-1
%P, Medium 0.45-0.8
Low 0-0.5

Hl9a115052YT0ULATRIANNARILASO LAY Juraudauide nsiivuailadduanuduanndniield
wavasswUsaglugluuuvaiiedion Tnefinnsmeasdldilaiduninuduaudn 3 sUwuufe Triangular, Trapezoid
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= a s o @ ¢ o o a .
A9 3: Wdwesdmsuisntuauluaun@nuuy Trapezoid

Input Step Range High Degree of Membership = 1 Low
High 0.01-0.13 0.01 0.01 0.09 0.13
Juxtaposition Medium 0.1-0.2 0.10 0.09 0.15 0.20
Low 0.15-0.3 0.15 0.20 0.30 0.30
High 1-3 1.00 1.00 2.80 3.00
Shale Smear Factor Medium 2.8-5 2.80 3.00 3.50 5.00
Low 3.5-6 3.50 5.00 6.00 6.00
High 70-100 70.00 90.00 100.00 100.00
Offset Well Similarity Medium 35-80 35.00 50.00 70.00 80.00
Low 1-50 1.00 1.00 35.00 50.00
Very High 80-100 80.00 85.00 100.00 100.00
High 55-85 55.00 65.00 80.00 85.00
Data Confident Medium 45-65 45.00 47.00 57.00 65.00
Low 20-47 20.00 25.00 35.00 47.00
Very Low 1-25 1.00 1.00 20.00 25.00
Output Step Range
High 0.55-1 0.55 0.80 1.00 1.00
%P, Medium | 0.45-0.8 0.45 0.50 0.60 0.80
Low 0-0.5 0.00 0.00 0.30 0.50
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Offset Well Similarity, Juxtaposition wag Shale Smear Factor mmmuﬂﬂauwmaamﬂu 3 9479 Aw Low,
Medium uwag High d@usiuls Data Confident %gmmqaamﬂu 5 999A® Very Low, Low, Medium, High
uaz Very High ﬁaﬁ?ugilqusuaaauwmzﬁiammﬁmsﬁulﬁﬁgwmwhﬁ’u 3x3x3x5=135 Nyl Sndsaniile
sUuvuiLiululdvesdunmionuauds §idadenldislunismanewinndmiudunmudarsuuuulnenisaounia

v
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Case Similarity Data Confident Juxaposition Smear %P0S
1 H VH H H H
2 H H H H H
3 H M H H H
a4 H L H H H
5 H VL H H H
6 H VH H M H
7 H H H M H
8 H M H M H
9 H L H M H
10 H VL H M H
11 H VH H L H
12 H H H L H
13 H M H L H
14 H L H L H
15 H VL H L H
16 H VH M H H
17 H H M H H
120 L VL M L L
121 L VH L H H
122 L H L H H
123 L M L H H
124 L L L H M
125 L VL L H M
126 L VH L M L
127 L H L M L
128 L M L M L
129 L L L M M
130 L VL L M M
131 L VH L L L
132 L H L L L
133 L M L L L
134 L L L L L
135 L VL L L L
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(1) @1 Juxtaposition Wi 0.14 eellutisves Medium Aiflszsuauduanndn (Degree of Membership,
DM) AU 1

(2) #1 Shale Smear Factor WU 6 aglugiavas Low fiszsupnuduaundn (Degree of Membership,
DM) wi1Au 1

(3) A1 Offset Well Similarity i 74 aﬁiuﬁgﬂ?ﬁ’maa Medium wag Hich Tnefifissduanuiduaundn
deaglutisues Medium witdu 0.6 wazwiifu 1 ileegluraaves High

(4) ¢ Data Confident winfiu 27 azagluziaves Low fiszsuanuluaudn (Degree of Membership,
DM) wi1Au 1
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nsaltlanad
asei 5 ngitgnnszdulumseyunuiladaudiogie
o Offset Well .
Case Juxtaposition Shale Smear Factor . Data Confident %Pg
Similarity
1 M L H L M
2 M L M L L

dwsunsinuvenglen 1 agldrAn %Pg tovinmeglugi Medium fszduainuduanndnwiniu 0.6
o v o v ¢ 1 ' a Y I a Y v gay v
wazn13vnuveIngten 2 agldan %Pg tevinmeylugie Low fsgduauduaun@nindu 1 wadwsnla
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Rule 1 output Rule 2 output %P, output

%P, %P, %P,
1 1 = 1
ns\ 08 na\
06 \ 08 F = 08
04 \ 04 I \ 04
02 \ 02 I \ 02 \\II \
AN l L \
n""‘"?':&&%ﬁ'&;?%ﬁ%zﬁ%ﬁk;gﬁg'& D""‘"?'S&R&S@;?%ﬁ%&%%ﬂ’;;gﬁgg 0’“"”9'2&ﬁ%%QS?%SBEB?&K‘REQ%?B
e Membership value == Membership value === Membership value

LuAuwansd Max lusdaziuniamdninnisdeuiuiuveansivevinavsas)
AR 8: N133ABIAUTENBULUUANEIEA-A1aR (Max-Min Composition)

Tuppuialufe nisulasrnevinaiildninssuuiledasin Wegluzuuvuvesmanuiinzlunissdine
lagnT1sAwIMMYAAUdaaNENnIsil

[(0.5+1.5+..+29.5)x 1]+ ... +(0.05% 79.5)

%P, =
(1+1+1+4..+0.15+0.1+0.05

TnenatdvudiuldanuasinveinisiiAiurtwegannalsvensmuisudaz iy auduiuiives
NIV o drunadansldanuasinvesnnugweainsmuiiwiasdu Fdunslll Nunvesnsnudazuns laan
nsthAenduanndnanunun aaduauninwegudarindu 1 wazdiuniaveyaiana1ansvuidldann

ALALInLLAULEUYEIN TN 9 Feazle Arauunavilunisssdivendmsunsaivindu 32.26%
%P0S
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Comparison of %P,

40
30

20

10 — Triangular
\é\/ V —— Trapezoid

8 9 10 11 12 13 14 15 16 1A 18 £9/20 21 22 23 24 25 26 27 28 29 30 323334353637%0 ;
10 Gaussian

Case no.

Bias
o

A 10: AIAPURANAIAVBADIINATILAAINNTNAFRUTEUUT9Ta0TN

nnnsmkansliiiuisananuianaraiiiatuainnisldileiduanuduandniunnsiety Tnsnudn
Hardumnduaundnilidranuianaiaiifigaio Haddu Trapezoid delsiarfidamianaiadesnin 5%
$1uan 30 nvinun 40 e eglsiny iesandedifavesnisi Defuzzifier faeIEnsAuInMA
maudaas lunsdiladduanndnguiuuy Trapezoid dwaliaranuurazidunisssainerdildannisAuia
yeaszuUiindiivouluauulareulunaNvesA NNy 83 uag 21 awdidu Tagnsmuansaieyinmd

Jululivismueildanniseuununguesiledaunsauanslananimi 11

Possible output

100
90
80
70
60
50
40
30
20
10

%P0OS

Possible case

awd 11 avewinadululdvesnisiiuinmyagudais

nuatssunansliiviuuuiaediaunsalireminaiuiudils WesnAneminaiilaand ey
A | A& Y] ° & v & v A= 9 vao 9] A a
fianegusnveuwnvaseidululaninmsduiumanguda daunuidedddditnisaiialoulafivey Tunis
Usulireminadanuaseuaquistrsiilululdnmuasausaiauiiasdunsssdinewindu 1 Taudia 100
Tnggrvarneminafidesldoulafiavlunismuinfe WeAianuiiazidunissdinefidinwe 1 89 20 uaz
ARG 83 Aude 100 dwmTumseeniuuieuly welildrevinnaseuaqueiasass aldIslEdeway
mauLLuuaaumummﬂmmmﬁ%maﬂmd ImmwlmvummmmwvLﬂuﬁuaummwm wnuitazivundusyau

wuwnawmu LLa'IJf\Nu’]ﬂ’Wl‘lﬂiﬂﬁ/l'mﬁi’JLﬂi’]‘”‘ﬂ L‘WE]ﬁi']\‘i(ﬂ']iN Multiplier Matrix Lwaiﬁi’flumiﬂsvmumwﬂ A
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Tinsounquanudululdvioun eviniswseuiiisunaildainnistditeulafiiawiuaflaainnisusyidulg

Adgvnluseunsnnudt msldeulviilavarlinadnsniaranuianaiaminitduandunmi 12

Result comparison

Bias
o

Without multiplier
= With multiplier

Case no.

AT 12: AIAIURANAIAVBADIVINANDULALNAINITUTUUTIAN
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