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2- Reservoir characterization

3- Seismic waveform

4- Seismic attributes

1- Principal Component Analysis (PCA)
2- Factor analysis
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3- Reservoir monitoring
1- Artificial Neural Networks (ANN)
2- Activation functions
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3- Generalization
4- Fault tolerance
1- Feed-forward neural networks
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5- Apparent frequency
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1- Amplitude Variation with Offset (AVO)
2- Kinematic

3- Direct Hydrocarbon Indicator (DHI)

4- Complex trace analysis

5- Wavelet transform
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1- Instantaneous

2- Surface attributes

3- Reflection heterogeneity
4- Grid attributes
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1- Integrated attributes
2- Heterogeneity attributes
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- Integrated seismic amplitude (ISA)
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1- Connecting links

2- Parallel distributed processor
3- Processing units

1- Combination function
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2- Weighted sum

3- Transfer function
4- Squashing function
5- Threshold

6- Bias

7- Learning algorithm
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2- Multi-Layer Perceptron (MLP)
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- Training

- Generalization

- Operation

- Black-box models
- Training set

- Error signal

- Cost function

PO O, WNE

56



Sgd oo il s (50 (glalai & jpm s Joe 43g5 50 0,5 oaalis Ol mhans O jpm g
s o Joloo Ak ooy Ay ko b abali ol ((590T (b 50 s 0 Shos 054 psliate &,
IS olaolyy a6 K00 &)l 4 yled <8 > wil llae Jlas L7 (dge JBla wilgs oo oS
e by cllae il 4 4GS 0 (295 095 2 (Bly Gl oS 005 Sl gemny b L
797 ~539)9 Slale i pa pl (3ges Jlio Sy oad (b slaph )5l 4 ax g b 09l Soo
5 o35 yzed el plosl 4 ;36 Ygomo L (6,50l w3390l Sz (S Gloj g enlio

IO PP PPNV

Uas jLicsl o omaae A0l 005 0,Lol (BP) Ll Lo o ,6301 4 g5 oo ,BLL (6 50l slaps ;63!
ol 6 fgalS Silae 5 6T 0k Sz by, (n fogeme (e et (vas S ST leim
Sgs g0 odlainl ioe hogl 00 yimS oy a5 Cal Shgy o pead diSlll lgie ey o]

(Siripitayananon et al, 2001)

4 655158 Sz P sl e w58 o 5 Moailojlungs 65050k ol 4 aS LU (g 650k o
g 08 oo Dygo e Djga o)l Ol 5ol a5l asls &S PRV ER SORIPLY PR AR PE S
0B (639,9 slrosls (5 Lol aelgd L aSiis aS oKl g oo dinge o] A az g5 b aSlls ol sl el b

sok |y o slaos, gyl 5l g by o drsgl (94,9 80l sl Shg LI (1505 o ] SUles g

3,5 oolawl (LB, 6T ol 80cld 5l lgi oo U yans (6,5 0b plxil Cya A0S o olul JSog>

Sloj P sboslusd ;) gusos ) Cua (s Al HBU 9w Wy, YT
Shoslatnl ey Iime (gloj ) Glvgar b (Hly 6w 4 los ) (sbdosls (gasen, BT cpl 5l Gos
Gloosls dls Jbsle olal 5 Libes (samos, ail oo oo slologes gzman Lol Sledlbl 4555 )2

9 YU Jzdss b ‘5"‘9‘3 OH97eR) (e ;...io.a’/ L ua.>l...u Oy 000 A Lg‘o)Lu,.&) Al 9 S Lg‘o)')J

Ol ye Gles ) sleo lus ;) (saisos ) Cym aS LU ety g, i o o g1yl oo,y Lol cl (ol

2- Error surface
3- Local minimum
4- Self-Organized learning
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1- Number of iterations
2- Learning rate
3- Conscience
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1- Probabilistic Neural Network (PNN)
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2- Fisher’s linear discriminant analysis
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1- Fisher’s linear discriminant function
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1- Event

2- Bright spots

3- Dim spots

4- Apparent polarity
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1- Channels
2- Downlaps
3- Pinchouts
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Types Attributes

Sample Level Seismic Amplitude

Quadrature Amplitude

Apparent Polarity

Instantaneous Phase
Instantaneous Frequency
Reflection Strength

Cosine of Phase

Response Phase

Response Frequency

Response Strength

First Derivative, Seismic Amplitude
Second Derivative, Seismic Amplitude

Volume-Based Integrated - Seismic Amplitude

Integrated - Apparent Polarity

Integrated - Instantaneous Frequency
Integrated - Reflection Strength

Integrated - Cosine of Phase

Integrated - Magnitude Seismic Amplitude
Heterogeneity - Seismic Amplitude
Heterogeneity - Instantaneous Phase
Heterogeneity - Instantaneous Frequency
Heterogeneity - Reflection Strength
Heterogeneity - Cosine of Phase

Minimum Value - Seismic Amplitude
Minimum Value - Instantaneous Frequency
Maximum Value - Seismic Amplitude
Maximum Value - Magnitude Seismic Amplitude
Maximum Value - Instantaneous Frequency
Maximum Value - Reflection Strength

RMS - Seismic Amplitude

Grid-Based Dip

Azimuth

Artificial lllumination
Median Filter
Curvature

Edge Enhancements
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1- Gross porosity
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1- Response attributes
2- Response phase

3- Response frequency
4- Response strength
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1- Integrated apparent polarity

1- Integrated instantaneous frequency

2- Integrated reflection strength

3- Integrated magnitude seismic amplitude
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1- Edge enhancement
2- Spectral decomposition
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1- Automatic picking
1- Forward pass
2- Backward pass

161



gl 4 Al b Ful oS Wt odatl (oo lpdle e Sgdiee ylie aSCl j0 W sols L >
Cald Bl gz Oy plee |y 0, s pl Jolpe 09l 5SG0 5 gllas
259 shls a5, gk o] Jlade g ledg ar (Bolal jola (goae polie yols m —\;V“-:-Is‘ SRS lade.)
Al cless
ool ledlie 51V LlS 8,00 SO BI) s —(sllae (25,5 —(695)9) (sDsel slelle 1Y
Aol ¥ o ¥ ol ot iy ViS5 s Pt Slelre dedlie 5l Al ja (gl aSygme
DS
9859 500, X(N) a5 2o olis [X(N),d (N)] a1 (so)sel Jlo S )51 g0y Sloslxe Y
5 o285 @l dale bl (295 LY Collas muly Yo d(N) g 60950 &Y ool Jlos!
09 )l Egeme Wgpme ey Y 4 Y AL Job ;0 odig piun jgar a5 o Slee lIUS
P
v () = 2w My (n) 0-9
i=0
N o Lol LSS eyl jo) N LSS ol =18Y o i e o Shee JUKs « Y (N) T o a5
1S e TAY 50 J g9p Stliow 559 W E(N) 5 (Consl a5 4 00 @il g0l Jlio
I oz e cosls gl logistic &b 5l eolainl (6,8 b ogive i I =18y o0 o9y
Dgdes y) Dygar | &Y 0] o5 (25,5) o Sles

1
1+exp(—v{"(n))

ROR =
WSSl =L ) a8l (25,5 &Y 55 | 095 5]

yi7(n) =0;(n) (¥-3)

3- Initialization

4- Epoch
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1- Function signal
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.. . Artificial vas, number of Distance to
Competitrve Learming . N no no Cluster Center
Neural Mat claszes .
Map
vas. mumber of Dhstance to
E-heans Clustering Clustering no :la: Ef N no Cluster Center
R Map

167




Sl oo bz slal 5o Ghg, cnl l esliial ol (S adsl Sledlbl 925 4

Aol alslal 0ezg puime Adol Sledbl —

255 ol Wb il cnd (alaz 5 gz 929 (o) jekiter )l sl adigs 3JUGT —
S B G sy 30 sl e Sl plyin S sLab 8 laadss oass plan sia oo, shas
el oo @11 1580 8 5 0 el mae B (6,500 5 kel (S

K-Means gadalyg> @

By @Sl by, @
slrosls lgim ol> 0590 J S gla ools 5l sslaiwl 4y o Lal (BUL sanasl sla oy, aSIl> o
Qg 0 S ol )8 00 sumlie (yjPee (sl el )l 4y axg5 b aiiles e (slos ) (slao L g 35 ,ls g0l
b Sledbl opl a5 el o] Gollas cnlply 5 il oo 35250 Lol 51 licebsl LB 5 S5 oledbl Lk
i Dl guar Sl \Soe 1, Kl (S0 &)l caigdd 00l e 4 (SoS Sledbl lgins Coan]
8AS oy yuz g 009 b SSlis JoSo (g Wilgi g0 Dbl cpl & jgo ol jo oS s 70 JolS ek |
S99 00, o sl Kilis slalop 5l g BB slaws wb a5 sl IKaT asl b Silas (S oyloas
acgome 15 <So lg oo 2,8 el basl Cenns lesls &9 Oy90 4 (emwlio ool Carogi b ol ails
|y oo 83, (Bgn (saiainl o g0 05053 b3l Bols Glotn g 43S JLaiyo 1) (Lbjgel slaosls

Sged adlg> oo &l jeams Sbj,l gesls ST ol> o
il oy &il| b3 &jga JBUL (crae A hg, o g (sylel by, 99 18 e cnl o

Fd e, @

o ®

oz Lasil g Sbg, @
Sade a5 Conl pl diejls g 09 g0 00, HI i Wiy, eSS dl> 50 0 SeisClass 38l o 5 ST jgla
il 131 (51 S 98,5 s (5 el ko 38 108 05y 0 JalS o5l glotos

3t oy Sla@dl a5 358 oo Sleiiy gyl 3l Sg delsS Fatugy 9SS Guned) (9P 038

168



Gz cross Plot 15l 51 fyioren 00,5 sy JolS el (gaison; Slalllas sloxl g s Silis ol el
X 3 g Gi;)’g.oT sleosls coaS” ol e Silis glad (o v sanades saalin jshates Joow ol yo
5l acgemme S dawgs HIS0] 0 g oo eoliiwl (sanes, al 0 eoliiwl gl ba Slas degosre Ay

255 (0 D yge (ot g (g5 5 U1 (5 el sla ]

169



SeisClass 1338l o5 jo (g, ,» lawgs a8 T |16 slo ol )by cencd -Y-o Jgux

170



Data Valid
Method Parameter Range | Default Controlled
Type per ¥
Fisher None None Neone MNona MNeona None
Confidence limit Float [0.1] 0.93 Method User
Bayesian Orztlier hmtt (munltiples or std. dav ) Float a0 50 Method User
Feelative proportion Float 2.0 1.0 Class User
Confidence limit Float [0,1] 0.95 Method User
Outher ht (multiples or std. dav) Float 2.0 50 Method User
'CG:I.‘I.‘!E:.{.'I.'I.H] Contextual proportion X Float 2.0 100 Class User
Bayesian
Contextual proportien L Float 2.0 1.0 Class User
Contextual proportion T Float 2.0 1.0 Class User
Ushuffle Data .
) . . . Applica-
Shuffes the mnput vectors befors Boolsan | On/Of Off Method i
Apre 13 - . Applica-
Hiddexn layers Integer [0.2] 0 Method tiom
"Full connect Apnlics
(enly valid for non-zero hidden lay- Boolean | On/Of Off Method uaf} -
ers) -
A e & . - . Applica-
Activation function Float [0.2] ] Method i
Leam rate Float [0.1] 0.1 Method User
Momentum Float [0.1] 0.5/0.0% | Method User
Back Error Apnlica
Propagation Dearivate Bias Float [0.1] ] Method “D_p o
MWeizht decay Float [0,0001] | .00 Method ::f’l"“'
Epochs Integar [1,100] 100 Method User
Error limit Float [0.1] 0.01 Method User
AT g - . . Applica-
Update interval Integar [1,100] Method i
AE i \ Applica-
Epsilon Float [0,0.99] 0 Method i
Set of weights (n_ of atmbutes, n_ of Float Al
clazszes, n of hidden lavers, n. of . _.:;;r None Hone Class u;_p e
nodes m hidden layers) VEEs N
Mumber of Classes Integar [2.6] 3 Method User
Number of mns Integer [1,100] 25 Method User
[0.01, N \ .
arn - E 2 Meth 4
Learn rate Float 0.99] 0 fethod User
Competitrve [0.00000, e ]
Leamning Betz Float 0.00100] 0.00010 | Methed User
Conscience Float [0.0, 50.0] Method User
cluster protetyvpe vectors containing .
leamed weizhts (length: n of 11’_1::31 None MNons Class _-'_\ppl_ca—
. Vector tion
attribuates)
K-Means MNumber of classes Integar [2, 6] 3 Method User
Clustering Error Limit Float [0.0.1] 01 Method | User
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Abstract

In the petroleum exploration and production industry, characterizing the reservoir quality, identifying
the main rock types and predicting their lateral variations is a main challenge. Beside subsurface
structural information, 3D seismic data contains valuable lithological information. Utilizing seismic
attributes to subsurface analysis can reveal important features of regional geology to detailed
reservoir properties in the form of seismic facies classification. Since it is difficult for interpreters to
extract and combine all the available information from seismic attributes, classification methods have
been developed to evaluate the explorative targets and to improve reservoir characterization within
the field development projects. Therefore the objective of the facies classification process is to
describe subtle characteristics within the seismic data and relate this to lithology and ultimately rock
properties to help identify potential hydrocarbon accumulations. Identifying lithological facies and
their lateral distribution in reservoir level through determination of various seismic facies and their
spatial distribution by integrating well data, geological information and 3D seismic data and using
multi-attribute analysis based on two unsupervised, competitive learning algorithm, and supervised,
error back propagation, neural networks classification approach is the main object of this study. The
described procedure has done for one of the Iranian exploration fields in Persian Gulf, as at first
unsupervised analysis has been done to get a general idea about the distribution of seismic facies and
then the results of unsupervised classification are being used to define training data for supervised
classification. Volume based and VRS attributes have been extracted from reservoir interval between
top and base horizons. Statistical analysis of different seismic attributes in conjunction with geological
significance of seismic attributes were the main criteria for selecting the appropriate set of seismic
attributes for the classification. The results of this thesis have been increase effectively our
understanding about the distribution of different seismic facies and reservoir heterogeneity in the
interval under study. The results indicate the presence of Shaly and Sandy facies in reservoir zone.
Especially in the location of four wells which reach to the Qil, Sandy facies with interlayers of shale are

dominant and checking these zones for the presence of Qil reservoir is important.
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