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- Statistical wavelet extraction

- Autocorrelation

- Wavelet extraction using the full log

- Wavelet extraction using log for constant phase
- Post stack
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- Compressional

- Shear

- Amplitude Versus Offset

- Spike

- Recursive or Band limited Inversion
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Attributes:
Step 1

ab,cdefghiijklmno

1
g as best single attribute

Step 2| ga, gb, gc, gd, ge, gf, gh, gi, gj, gk, gl, gm, gn, go
| |
I

hge as best attribute pair

Step 3| gea, geb, gec, ged, gef, geh, gei, gej, gek, gel, gem, gen, geo
| |
|
geo found as best attribute triplet

Step 4| geoa, geob, geoc, geod, geof, geoh, geoi, geoj, geok, geol, geom
| |

I
geol found as best attribute quad
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Application of Multiple Attribute Regression — Well Name -
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Cross-correlation = 0.840815
Error = 0.00034757 BL-11
Predicted Porosity
0.00250 H
] 5]
] =] DD m [m]
0.00200 - = &= L. a
] o m O : L a
Jo H m =]
0.00150 1 * -
] 5]
0.00100 Wz
m
0.00050 HI | |
L L L L L A I
0.00050 0.00100 0.00150 0.00200 0.00250 0.00300 IW-1
Actual Porosity

Legend
r Line of Perfect Correlation

Boolz oo 1o (6,5l i ol g, 5l ool Comsay S5l 5 adly U5edss slaosls dlin loges (VF-F) IS5

Application of Multiple Attribute Regression
Using & attributes
Carrelation = 0.340616
Awerage Error = 0.00034787 [fraction]

Time{ms})
-1 IN-2 IN-3 BL-11

650 — AT 2 H

] AT AR NAHR UMR = i |
= =2 _,:': =

1 :‘ LAFFAN e
1 KHATIAH
1 : AHIAD sHUAIBA | LA

700 MALDDUD >
' = s
i NAHR UMR AHMADI =
| 7 = ZUBAR MALDDUD e EA
1 LT O |

750 #_1' NAHR UMR
B SHUAIBA | L s ey
J m— 3
- 3] i
- Ll I;r-"I _I'E= i ‘k

200 = SHUAIBA
] - I NN} Nl {

T T T T T T T T T T T T
0.0010 0.0030 0.0010 0.0030 0.0010 0.0030 0.0010 0.0030
< |
Porosity
— Legend

Original Logs — HKodelled Logs Analysis Windows
Tops

Wol> ,o 6,5lis s Judow gy dawgs ool (g5le Jow 5 (2Bl S sla K5 ol (VY-F) s

AT



Dl Slase J55 (5005 (5l tiatsn Sloslons plos ol Jos

EIEI Elglﬁlél Inling ;I 1"2 114 il Step: |1 "E'G‘SP:‘;’I:‘
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Application of Network_mifn MLFN Neural Metwork
Using & attributes
Correlation = 0.847327
Awerage Error = 0.000342325 [fraction]
Time{ms)
IW-1 IW-2 IW-3 BL-11
o] =L | T2
] NAHR UNMR
= — |
LAFFAN LAFFAN
KHATTY AH
gl KHATTY AH— SHUAIBA
700 —p =
T - |
AHWMADI —lE. AHMADI
| MAUDDUD AR MAUDDUD J
i , i
750 NAHR UNMR N&HR UMR
] —
—
q_.ﬂ = = L
i =
800 == SHUABA SHUAIBA
] = 2 I, I hd
U UL UL T 1
0.00050 0.00300 0.00050 0.00300 0.00050 0.00300 0.00050 0.00300
K1 ol
Porosity
Legend
’7 Original Logs — Modelled Logs Anahysis Windows
Tops

Ot SoS 4y bol> Jowe jo MLEN ac oS lawgd ool dwlowe g u;’éb oo IS ey ioles (YY-F) S5
e 5o W) o)u’)‘

ay



Dl Slase J55 (5005 (5l tiatsn Sloslons plos ol Jos

File Miew Horizon Process History Window
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Application of Metwork_1rbfn Radial Basis Function Metwork
Using & attributes
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File View “olume ArbitraryLine History Window
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Validation Error for All Wells
Search through Range of Operator Lengths
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File Wiew

Awerage Error for All Wells
Operator Length: 6
Black Dot: Analy=sis Using All Wells
Red Dot: Anahysis Leaving Out Target Well
Average Error (%)
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| Torget | Fral attrioute | Training Error | vaication Error
1 | Porosity | 11 ( inversion resut ) 0.050917 | 0.053134
2 | Porosity | Apgarent Polarity 0.048129 |"-"“—“3‘!‘2
3 | Porosity | 0.044757 I 0.054722
4 I Porosity | Amgitude Envelope | 0.043212 I 0.056509
] | Porosity | Logi rel acoustic ampedance ) 0.041811 | 0.057129
6 | Porsaty icnsimanousqueity) [ | ooseazz
T | Porosity Sqri{ instantanous bandwi ) ] 0.039558 I 0055181
8 | Porosity 0.039158 | 0.051335
9 | Porosity | Cosine Instantaneous Phase 0.038522 | 0.062836
10 | Porosity | Raw Seismic |_0.038207 | 0.063756
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File Edit View

Application of Multiple Attribute Regression
U=zing all wellz
U=zing 9 Attributes
Cross-correlation = 0.872002
Error = 0.0311779
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File Wiew Shift

Application of Multiple Attribute Regression
Using 9 attributes
Correlation = 0.872002
Awerage Error = 0.0311779 [%]
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File Wiew Horizon Process History Window
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Plot Data: Porosity_mutti_linear — Color Key —
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File View ‘olume ArbitraryLine History Window

Porosity_multi_linear — Color Key —
Amplitude at mighrif xy plus 10 ms 0.2008
with a window of 23 ms below ’
and showing the RMS Average. 0.2837
N (m) 0.2765
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Application of pnn-1 Probabilistic Neural Network
Uging 9 attributes
Correlation = 0.907401
Average Error = 0.0268371 [%]
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File Wiew Horizon Process History Window
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Plot Data: prosity_pnn-1 — Color Key —
Ingerted Curve Data: Porosity (%)
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File Wiew ‘“olume ArbitraryLine History Window

prosity_pnn-1 — Color Key —
Amplitude at 878 ms

with a window of 23 ms below 0.2786
and showing the M3 Average. 02720
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Application of mifn Probabilistic Neural Network
Using 9 attributes.
Correlation = 0.83862
Awerage Error = 0.030523 [%]
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Application of rbfn-1 Radial Basis Function Network
Using 9 attricutes
Correlation = 0.931656
Average Error = 0.0231935 [%]
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File View Horizon Process History Window
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Plot Data: porosity_by_rbfn-1 Color Key —
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Fie View “olume ArbitraryLine History Window

porosity_by_rbfn-1 — Color Key —
Amplitude at mishrif xy plus 10 ms
with a window of 23 ms below 0.2988
and showing the RMS Average. 0.2913
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Abstract

This study aims to use new techniques to estimate reservoir parameters such as porosity
using seismic attributes within an Iranian oil field. To estimate the porosity of the reservoir
quantitatively, a combination of multivariable regression and various artificial neural
networks are used to process seismic attributes. In addition to three dimensional (3D)
seismic data, a set of resistivity, sonic, density and porosity well logs data are utilized. In
order to correct sonic logs velocity data, information of well data (check shot), seismic
horizon picking, the wavelet and synthetic seismic trace, correlation of well and seismic data
and the results of seismic inversion are used.

To achieve the goal, the inversion was firstly carried out on seismic and well logs data and
the required seismic attributes were then extracted from the seismic data using Hampson-
Russell software. The technique of cross-validation was used to show which attributes are
significant. Once the most appropriate seismic attributes have been found, the relationship
between them and reservoir porosity in the well locations has then been determined to be
used for porosity calculation by sets of appropriate seismic attributes throughout the
reservoir volume. The results indicate six seismic attributes including acoustic impedance,
filter15/20-25/30, time, amplitude weighted frequency, cosine instantaneous phase, and
derivative instantaneous amplitude are the most relevant attributes in porosity estimation.
The Hampson-Russell software was then used to estimate the reservoir porosity using
multivariable regression analysis, and three different probabilistic, multi-layer feed-
forward, and radial basis function neural networks (i.e. PNN, MLFN, and RBFN). The
results of study show that the probabilistic neural network (PNN) with root mean squares
error (RMS) 4.69% and correlation coefficient (R) 68.26%, is the best method for porosity
estimation using the above six attributes.

At the next stage a few more relevant seismic attribute were extracted from 3D seismic data
using Petrel software and transferred to be used within the Hampson-Russell software to
enhance the quality of porosity estimation. The obtained results indicate that nine seismic
attributes (instantaneous quality, apparent polarity, iso-frequency components, real acoustic
impedance log, instantaneous bandwidth, time gain, cosine instantaneous phase, inversion
results, and amplitude envelope) are the best for porosity estimation in this phase. The
results also show the PNN is again the best approach among three artificial neural networks
and regression analysis for estimation as its estimation error (RMS=3.85%) is the least and



its correlation coefficient (R=79%) is the most among four estimation approaches during

validation step.
Keywords: reservoir porosity, seismic attributes, acoustic impedance, well logs, seismic

data, and artificial neural networks.



shahrood unversity
of technology

Faculty of Mining, Petroleum and Geophysics

Estimation of porosity distribution using seismic attribute in one of the

Iranian south oil reservoir

Fatemeh naeimi

Supervisors:
Dr.Ali Moradzadeh

Dr.Ali Nejatikalateh

Adviser:

Dr .Amin Roshandel kahoo

Eng. Jafar Naeimi

February,2012



