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Abstract

This paper describes a methodology for the integration of well logs and a series of grid-
based attributes extracted from interpreted seismic data for prediction of porosity
distributions. The studied area is located in the southwest Iran. Before finding a
relationship between the target logs and predicted logs from 3D seismic data, we have
interpreted the 3D seismic data in the studied area. Also we matched and combined well
data with seismic for forward modeling and seismic inversion. Inversion produces a full
band acoustic impedance model of earth which improves the vertical resolution. Then we
have checked other different inversion methods such as spare spike and model based.
Since the model based method resulted with a better resolution outcome, therefore we
decided to apply model based inversion method in the reservoir level. In the next step we
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applied a linear and a non linear transforms between a group of seismic attributes and
porosity logs. Then we obtained a relationship for estimating the porosity at all locations
of the seismic volumetric data. Finally we found an improvement in the porosity
prediction from linear multi attribute transforms when using neural network methods.

Introduction: Nowadays integration of different sources of data and building static and
dynamic reservoir models has increased efficiency of exploration and production
activities. Seismic reservoir characterization has crucial importance in those activities
attributes, their analysis and study form are major field of study in reservoir
characterization.

Acoustic impedance is one of the attributes that from some years ago has been used
extensively for determination of reservoir properties, especially porosity, fluid saturation
and clay content. The idea of using multi attribute seismic analysis to estimate log
properties was first introduced (Schultz et al., 1994). The integration of well-log and
seismic data has been a consistent aim of geoscientists. One type of integration is forward
modeling of synthetic seismic data from the logs. A second type of integration is
inversion of the logs from the seismic data which is called seismic inversion. The method
for finding the statistical relationship between seismic data and well logs has been
described by Russell et al. (1997).

We used this method in an oil field in the southwest of Iran. The data have been
supplied by the National Iranian Oil Company (NIOC) and consist of a 3-D seismic data,
which ties 6 wells. In this paper we applied model based seismic inversion method.

The Main Description: We interpreted the 3-D seismic data in the studied area by formal
Software then depth map were prepared and also appropriate velocity field. Synthetic
seismogram method is used for horizon identification. Understanding of reflection
characters is essential for tracking of target horizons in the whole area. The 3-D seismic
volume was interpreted at different horizons and was reproduced by the model based
inversion method.

The training data set for each well consist of the real porosity, a single composites
seismic trace that was extract from the 3-D seismic volume around the well and the
impedance log predicated with the seismic inversion method. The attributes available for
the multi attribute analysis was 25 plus external of seismic inversion.

The cross plot of the target porosity value against predicted porosity from five seismic
attributes (Cosine Instantaneous Phase, 1/Inversion-Result, Filter 25/30-35/40, Derivative
Instantaneous Amplitude, Amplitude Weighted Phase) are shown in Figure 5. The
normalized correlation is now 0.74 For improving the result we used the radial basis
function neural network (RBF) method, the RBFN, described by Powell, 1987, and first
applied by Ronen et al, 1994, is a feed-forward network where the Gussian bell curve is
the basis function.

Conclusions: In this study we have focused mainly on 3D seismic interpretation of gas
bearing layer by using different seismic inversion and multi attribute transform methods,
the acquired results are as follow:

1. The optimum number of attributes in this study was five (Cosine Instantaneous
Phase, 1/Inversion-Result, Filter 25/30-35/40 Hz, Derivative Instantaneous Amplitude,
and Amplitude Weighted Phase).

2. The quality of inverted data (as one of the main input) is very important in multi
attribute analysis.

3. We found that correlation coefficient for porosity prediction is improved in RBFN
method with respect to multi attribute transform.

\id



< . o s .
A2 '"".).,ij.)gl‘jg’l‘“"\"{Ls“J){JLS"J}!LSJL"QJJt’u‘})"J{JK

Acknowledgments: The authors wish to thank NIOC, Exploration Directorate, and
Geophysics Department for supporting this study. We are grateful to Research Council of
the University of Tehran for providing full support of this study.

Key words: Porosity, Acoustic impedance, Seismic inversion, Neural network, RBFN

slably Slles Sleslial L s, s adel o
BB e 5 35 F ek 3y ppep
Lo 4y adbl LoCwlne Cew 5 Aee
Sl Gy e &) s
ol 53 &S Cl 45 S 15 eslizal 3yse el
g5 P B s b Oda slagl 058 o il
FLoglo)) mianw slaosls 3,8 o &g O SL
ooy S eslimel b e 5 odd e Lol GBI
odd 4yl Fse eildsl Jde (e wl i s3ledgyls

el
2l A dhe b bl Sy
5 Al ks alia gl o S
ol e Gl de @i ds, Gl
oks amls oy el (T eds
CSF 4 ek A Wl e 0ph e 4
Bpd Ll JalS Sl Sl b osuh s SOl
doys Oles oS oS J S mall bay cpl o
Oen el e dsy g Laildel Jde e gl
4 OS5l s S Gl 4 S aS
23 bl (Bl Gt sl e Rl S
2 pesera WJhe b ollgly A
bzl BB la bay plo b awlis j3olx Ol bl >4

el
Lol an (gloj ) sutafin (slaosls I shie o o) S
Ol s wi iy e 5le0s)ly 3l Juol ams
o3l Ol Y S 55 5o el 55 50T (glaesls .das oo

RGO PR

andde
8 3 08 LE Glas A 4 by osls S 5 0500
a3 O Selus 5 okl gladd
sl 03,8 1y (gl 28 5 )8 g 5 BLasS]

e Db B O sles ) sl S hs 3557
A T o 5 b S i ls s ol s
el ls O e sla S5s 3,07 5 53 1y 5 Shas
55 80Ul 1S cl L Rl S S
gLl (ol dha 51 055n sla S5 03,57 sy
3,8 Ll ails L;\o:j:_.‘f 3,508 ol Ol 5 ST
I Gl S 55T 55 o) sl Kl g
oo (V48F) OLSas 5 158 Lo Sbodsl 1) olr
Sl sbesls b ol S slaesls S5 5 5 S
sl 03 9 Oluli ey ool Sla s

Glesls e (g3ladde laesls S 5 ¢ 5
O Kos g5 5 ol slbaosls 51 sloj ) (oo s
055 Iy gy el glo) sbresls (s5le0s,ls
ool b, 5 sloj ) slaesls o g bT bls)l
G ol 93 s S as,e (V44Y) 0L 5
ol o el 4y 8 @ dde wly p ileOs,ls )
YL el S5 gla fg, 5l a8 s gd g (pm oz
Rl s ag gl Ol o s (58 Ol
Ly alis cpl 55 owypr 5550 Sloosls 555 03lizul ailaie
(sl ol # g ailate (gloj ) Gumiam glaosls Juls &S
Ll 03 S 4 (NIOC) 011 s o 055

5 S 3y
Lo Gl gdmae laesls funl s



VA oY ol OV 093 chab 5 e ) ¢S5 s

(ol Con) Je &L 2 5Le0 s 5l Jool> 55 il é“"’ b ol jon (o o) (ghadins (slo ) (slaesls éa.ia A J&i

Emerge Training Data
Target Logs Shifted

Time(ms)
- N »
1225
. i
1275
1 > :_‘---L
S J'_L . L]
. >j ] =
___J':: __= I
1375 ] = b
= \ i =]
__f |'1, ? rJ:
1425 — T I
— ; § 2
— } h i
_a-———'__:_‘__ 'I...I
1475 5 ) ? % ::i___l
= I P
|_ e P T 5
10 2 3 10000 20000 Mll)m 40000 10 20 30 10000 20000 30000 40000 S0000
Inversion-Resutt Inversion-Result
MI-57 MI-57 ML10 MH10
W Y4 by s J‘;J}"T slaesls .YJ;&
s 550 s htea gl e 05ee S5 L b Sl b 4z N J g
I I Target I Final Atfribute I Training Error I Validation Errer .
1 Porozity Cogine Inztantaneous Phaze 6661073 7.756447 J
2 Porozity 1/ Inversien-Result ) £.145418 741188
3 Porosity Filter 25/30-35/40 5.866887 7.390895
: Porosity Derivative Instantaneous Amplitude S.513107 7.343148
5 Porozity Amplitude Weighted Phaze 5.180206 7111188

3 Porosity
7 Porozity

g Porosity

There are & tranzforms.

Filter 35/40-45/50

Second Derivative

Fitter 45/50-55/60

014178

4776351

4571244

10153807

f

A




10

oalaial ug;"').)‘f DL L.Qo\? :Lo.a 4§ GL‘)

U’:"-’JJ'Q‘ L J})@ )Uﬂ.’b‘ 4§ )}LQLQA .Aﬁ‘e.ub

B oml e 4 e S sl
sl

el v o bae QW

Ol S &S S s b SKlis slaw il 3!
Fas e b Rl 5 b
ol 03,31 F JSCs 53 Kles 0 3l eslil b s Sl

R

< . o s .
'---’)JT)fJbl‘Ji’L“‘"\‘?Ls‘“))ﬂJLS"J;‘LS)“"dJJ‘Ju‘_’)-’){)K

OLE 1y Sl po 0 g 85 Sllons doms ) gl
3l Sl Jds g by pe o n o A o0
b S b e Oles Siliiir Jid5 & by o o
abi V1 el s S gysba (sl w0 YL
2 b S0 Sl o 2y 5 odd elitl gy e Shes
.CM\A@A\J:-J»QM;J
¥ e O sl 53 s e SledbI Wles
33 LS a0l |y misliel anD e § Doy ge

v s

Average Error for Al Welle
Qperator Length: 7
Black Dot: Analysiz Using All Wells
Red Dot: Analysis Leaving Out Target Well

Awerage Error (%)

T
- : =
9
|
g _I-:-h_
! * L —b___=.
! u
& L= —r
-
5 —
T T
I 1 — L
T T T T
1 2 3 £ 5 5] i 8
Number of Attributes
Legend
—— Allvell Errer —— ‘alidation Error
& . - - . B
.thl’; 4o W)L_.J—l 3 .\a.w_}.,a 6\]4;- \"JS.»
Application of Multiple Attribute Regression
Using S attributes
Correlation = 0.748352
Average Error = 519031 [%]
Time(ms}
Mi-3 M1-57 ME10
1325
gy
bl L
1'____|_
EEE== T | =
1
L] =
gan I__I____l-h--l_l._
ol e ruy .
L= 1 T
k! e
1375
I TR S
AREFEEE —— | S
|k =immic=—w
SEEE mar=—caasd ire s
il o u
[ NN i
J._l_'_ L= | | G=— M —
L] e === A
1425 "_l_ == =l
111:‘l:l e
| 2y __.L_l ey
i T A
il Y ==
= || (=L
ML =24
L= re __!'I._I_ LT
i L s
e 1
1475 = ¥ 5
RAn=abs 28 G=
e A =
10 15 20 25 30 10 15 20 25 3 10 15 20 25 0
i |
Perosity
Legens
’— QOriginal Logs Modelled Logs Analysis Windows

.La/{;u;xgu:)))mu;ww('cﬂ&)a.\.;_,-.wt._iM)lig,(;:&&))au;,aw)@ £ s



VA oY ol OV 093 chab 5 e ) ¢S5 s )

.J)}TL;A VA‘JB

RBF 05,4 Y
el iy 33 4 01§ o0 ) RBF &8s 0,5 5 Shoe
sy ol Js! Cad 3 B S
QZ[UIUZ...Up]T 8399
ol ey L G = [CiICiZ"'Cip]TJ{J‘
oo ) s amlone () s lbkl sl il
0,31 0T & N3 o8 ol olad jlle 550 Olen

BIEY L

(glosy Oyse 4) X alols -l 93 Loand 53 S
RBF ;3 558 00 Jods Q(X) s b jladle ob @

5 Ssge s iladlad ucu;@,w
\
g(x):exp(—;xv) )

W) 5 4 093 43 Wl e o SSae
\

g(X) =—F7——= )
X' +a

J}&GA osleala @Lp‘fﬁblil:
ol 05555 0l Y sla el 457 D SIEEE

Db o Al )y s 4 At

x =lu-ely = Ju-e)'Y (-c)
)
RBF S sl 6 (1) slanly (ol b cnlple

150 & (sglS
\ ;
¢,()= eXp(—;IIE —c )=
V& (u—cy)’ R
exp(—— Y ——1—)
S o
()
PPN

5l edaT Cawsas Jsdss Cross Plot | olize o
S0 S oslinel Lol o g ki 5 815 LS
ot Sl ol 53 a8 Sl ok 03l 0L 0 S s
S gl oo I Sl il VF Soen
o3lizul RBFN) (ol lis 2 mb (gae &S5 )
J,g|)J,Ja|.¢Mla¢;°;|;om9JQP@@'}
OLSes 5 s Jbodsl 5 Sl 038 as e (VAAY)
Ko Sygo 8 gy diles p)8 w1, 0T (144F)
3 G gmte 8 ol gl 3 e 405
.:3)@)154{61,¢|GURJ}M{
053 5 glesy Juli pran pas slaSS
O J 5 Al dbe Sl 4 5L oS Wl s 8
5 S2505 S o Lily) oeesn LI el
355 Opo 4 ANN 2y Sl e 53 (6T (s 5
G e SaaSE l ealinnl pl ply 3 55 r s
O 383 e Luly, S Gl Cle Slew >
S Olis 87 BT L5 s pokes T (sla ie
S GG e bl Sl ek B AL
51 (RBF) Glal (olad glamlb ool iw sl i)
oslizul )50 SLSLy 5 5,57 4k 55 s ladle
laSls LIB 5 VA s LLodsl 5 Llas S 18
sl $5,,7 bab Sol Llasy S @ s
odey SU 4 a5 Conl Jlo 05 S5 (it (0 g0s
Laosls Gilwdie gl csluly olad Lgl.acls sl
oslizal )50 Olaizee 1 (65l (5 5m S ((smie 551 )
cbaSls (184F) 0L 5 s col a3 8 I3
Ofes oy (oulide) ) Dliis )3 ) RBF (2o
Si MLP as S b awlie )3 . Ls, L8 4
Goltle 55l ¢SS I RBF (glal sl st
bbbl e el LS ) b o Sl
5 das o Cewsa MLP S 4 S |y RBF &S

b jdde s S sl slagiss 08l ol oy



< . o .
o\ ~---’.)JTJ{_)Ql‘jg’L“J-’,'L;“J){JLS"J}‘LSJ“OJJ‘J“})-’J‘JK

RBF (claaSs i) sal (gl 355 oo s (Squares
J— Gl e Sl L ) S Ol s
L (Genetic algorithms) ¢Sz slre) S
ol s ale 103 S oslenul Simulated annealing
Sln o o a8 gy Sl LT 0 43 5 s
(OLS) (Orthogonal  least  squares) J—slaze

5550 sl 4 RBF e as 55501 o 5kiad yud

oidb 5 RBF & 0

35 Lae 5 RBF ol oglasl sla S35 51 S
3,lbkul Glalsl el (gl a8 Cnl SLi0gys Hls,
1 m L Ll ol & S s 5 8l e G
dits Sl | LB e 68,5 sbal (sl )ls (639,55 (sLab
23348 s4h o G bk 0T o sa Sl
RBF &S oLas - )l e dsas .l Ll
Las )8 51 (s gl m ol 8 o jio 4 457 505kl
RBF &._:;\a;u;,\g@-\ywt.gﬁ._gggw
et S S k> Lsh o 1) (NRBF) etz dle
sl olad Sl glawlb b 0,5 (g3140 I RBF
JSas s aY¥ s s 00,5 K 5 0l aY o
Ss oz s 7 adaly (slaly Slapl p b > Sl ods
Dy ath g 55 D) se 4 edkidle S RBF

M
2w (lu-c,)
¥y=-5 V)

M

Z;(Pi (”1_1_91”21)
sy P LU OT s S
C S bslal sl mb g (Ju—cf)

Lsudlj_h.a‘ d..ij?l_ﬁ \_: ol 03l Q)} Ls_“w‘ (aj_’
g:«.»‘ Ei J‘)\u\.;l:.w‘

35150 j23lie JLs NRBF Jis (a5 L6 (sla by

RBF & jbsle f

MLP S glanY ksl alice RBF aSoi ksl
5z aY gw b o) RBF (claaSii s .ol
s 8wl 5 ol aY

Cleb slamls L 0y 5 s2l4a 5IRBF s Sk
Y s s 05,55 6K 5 Ol Y o slal olad
CRBF S oy 5 ol s (S5 oy

M
y= Zwi(pi(”H_gi”Zi) ®)
¢,()=1 *)
sl bl ol > = Y oy W, 0Ty a8

pli @y%@i‘egi Sl p Jols (s & 4
Ll 2 e el s Sl wb
¢S RBF &Si MLP oo s sl aaS b ali s
sl g;“}‘“‘c‘)fJJﬁTf.'
1l oyl ¢ 55 4w Jols RBF ae £2
ol dmea s ols el)l oS gAY g0 -
1y Codly5 e 5 (sl Sladleb (sl mb gLl 05
Ol ¥ ladyg)ss (o b la byl & ST ,0 -
O b Il (Fled Gl o g ST ol A
b e sLa alyl 4S5kl 1 Lalsl ol —
\)Lg|4.1l¢§hcbu;ljotgj'l—.mo%q¥ clos, s
bty RBF a8 3 50T o 53 s el
RBF (ladSs 555l gl m s oo e U
Il s pualy cpl S50 5055 S586E (slas pual,
OT L 4y 5 S (o e 1 Ol 0¥ sLa el

Least )QL”J”JJ—:*{L};})”@}FQYLQMQ)}



VA oY ol OV 093 chab 5 e ) ¢S5 s oY

b RBEN s, Sl edd  owibe  JRbo 5 (a0 351kl Lol omil (LaCyy ) s
<IAA "S“WUJ.@ I ol 53 &S s e Ol s (W) (s 0955 4 (s 5 4 Gl0)s

el Lot LK ks bl s PSS

Application of Multiple Aftribute Regreszion — Well Mame -
Uzing all wellz
U=zing S Aftributes
Crozz-correlation = 0.745352 Mi-42
Error = 5.19031
Predicted Poro=ity

: [m] O L MEL25
25 = o
] o™ o B
- D D
J g O ' ME13
20 -— =
1 - Bo 8 m
E -] [m] [m]
4 o & a m m}
15 M-10
' P 9| =
i [m} O
10 =] 0
] m|lo B Ml -57
] m]
T .
T e I G ] TR R TR I S s T
5 10 15 20 25
MI-3
Actual Porozity
Legend
r Line of Perfect Correlation
Lo Sl aslial b wblize o 5.0 K3
Application of Network_S Radial Basis Function Network
Using 5 attributes
Correlation = 0.889603
Javerage Errar = 3 12022 [5
Time{ms)
MI-ST7 MI-10 - M-13
1
1
1
e
! iy R,
1 g
1 Al |
LJ.__L_-:L I — T
‘ T Samn il iBliasaT="
: r -——|__|1 -LEE-l
L ' -
1 ] -ln. i =
_l———tl___‘ 1_1:_1___
' __J'___r__l o _:
1 |._.L__1__1-_ d_I_
1 d TH
! 4______ 44
1480
10 15 20 25 30 10 15 20 25 30 10 15 20 25

< |

Porosity.
Legeng
’7 Qriginal Logs

Modelled Logs.

Analysis Windews

RBFNJ}))‘:)L&A‘LAMWLJ,L:{ ¥>J.>u '*)KJJ&JM P;Lw ")li.u A }S.w‘



< . o .
oy '---’)JT)fJbl‘Ji’L“‘"\‘?Ls‘“))ﬂJLS"J;‘LS)“"dJJ‘Ju‘_’)-’){)K

Application of Network_1 Neural Network — Vel Name
Uzing selected wellz
Uzing 5 Attributes
Crozz-correlation = 0.883305
Error = 2.7547 W10
Predicted Poro=ity

e [}
25 - 5

. o MI42
20 - g O

~ PD

. ] (]

- D -
15 5 - m ° ME13
=) i o ] O "

i ]

7 ]

1 |
0P T

S L, L L ) PR P PSR T L PR Y A A [ ) A LA

5.0 75 10.0 125 150 175 200 225 3250 275 Ml -57

Actual Porosity

Legend
r Line of Perfect Correlation

(s 4 3l eslind b wblize oo 5 AL

rakiekay Chaiaw e e, TL
LTI - %k s
mal £ wave e

w MR Lo BN N A B AW B M TR MM TR T A ® S
[ [ P P [ |

@ 7

RBFN ) 51 ol sl shis 8 K3 L Sl L ) Jols Jolos sl A Y3




VA oY ol OV 093 chab 5 e ) ¢S5 s oF

Ll 55 )5S 00

¢S 5

s (o) ) guuiaw s ol Sda G () 55
S, 3l eslizal b sy ge aibie 55 3 g 0 1356
shabl o b Slaer bas s sledsls
T sy 5 gl 539 Oe (SS b5 4

(ol 03590 03lizul 55 0 sla SLi slun s 2 )
Cosine Instantaneous ) (glaba>) ;6 vgnS -
(Phase

(1/Inversion-Result) (s3Lsd sl 42w Sons —
(Filter 25/30-35/40 Hz) Yb/F+—Yb/¥+ zls -
Derivative Instantaneous ) b (glab=) awls -
(Amplitude

(Amplitude Weighted Phase) awls 555 56—
S35 0313 (S 53 0dd (S 3Le0 5,15 laesls CoaSY
Sl e sl b STk ) 53

23 0l ey S b (Shen 0
JB sl Sl s, 4 S RBEN i,
s ~2RBFN %, &;i\@a\n:l”;\;owd,,;
35 sl OT I ol ames oals Cwsas |y AN

- . /~ Py . 3
Seh e Sl Slias S

,u@ﬁ&w@a;)d@«,/\éup
b by A Ko s e O 1y b SO 1 eslizad |
55T 4 by & IS8 5 b Sl s s
A sl RBFN s aSi gy 5l ealizul b Joudss
S5 RBFN i) 5l eslizal a5 s e Ol Ko 55
b Sl iy 4 Cod $icske 5 2 @b
R
33 3 Jol S S Sl SN IS
IS 534S 5 sboles .ol L1558 Y ;3 RBFN
Sl 55 Jods sl ls K535 g el et
=T 5 9 YV Jsdss hls & (155 VY
dﬁﬁjlé.m VAT 3 gd> 53 J3dss gyl
Wl 3l 035en 0,53 e ki 3 L ST
Sl o )3 A SISl S e a5l 5 s s
2 53 33 )l ST s e LBl (ST 5 ol g
O3l 53 i AT i b glaeSaT Ko
o3 ¥ UV s Jganaysbas g o yn Fr B0 0
Sl a a5 LV ST 5 0 5elk) Sl iz
:;A_>J>Gl;4;r56|)bjlé{>)}_ﬂa}u4:é;¢)y
by ile Jubgon S tua S CwlY
Jeesly hyls Wilu ol (Sidee kS JlaS s

computed_Porosity-REFT
Amplitude at As-Z1
with a window to As-Z2
and showing the Arithmetic Mean.

CEEE
PESH

V:i

(2140, [148)

3415000.0

3410000.0

.0

000 10 0 000 M B = CORIEN 0 0000 T 00— B B 10 4 O i

BEd33ERes s o SR RERLERNL KERNERRRRRARRERE R

oo
[P A SRR

Gam
oz

150

o

Jodss i gl Kipnss ol s s e OLE |y sd i slaely Joms ool bl « RBFN iy, 51 Jols il a5l b N v S

s YEL s5d= 53



o0

< . o s .
...)_))Tx_)bhjg:l—a..\.?‘-um_),g,&‘n))d)lud,_)bw}))j)l{

LSRR K
S 0l oKiils g lysd slasl I 08L&

.LS@ ,g.v.u“ c..b"c;ﬁ “ybu: 5 d’L‘ k;Lﬂ QL:.:..:«J“

@Lu

Nelson, P. H. and Kibler, J. E., 2003, A Catalog
of Porosity and Permeability from Core Plugs
in Siliciclastic Rocks, USGS, Science for
Changing World, Open-file Report 03-420.

Powell, M. J. D., 1987, Radial basis functions for
multivariable interpolation: a review. In J.C.
Mason and M.G. Cox (Eds.), Algorithms for
Approximation, 143-167. Oxford: Clarendon
Press.

Ronen, S., Schultz, P.S., Hattori, M., and Corbett,
C., 1994, Seismic-guided estimation of log
properties, Parts 1, 2, and 3: The Leading
Edge, 13, 305-310, 674-678, and 770-776.

Russell, B., Hampson, D. P., Schuelke, J. S. and
Quirein, J. A., 1997, Multi attribute seismic
analysis, The Leading Edge, 16, 1439-1443.

Theory of the Radial Basis Function Neural Net
work, 2007, Hampson Russell Software
Manual.



