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Process for making the layering for each zone |E|

& Common settings —
Build slong:  Along the pillars - D Horizons with steep slopes D
ﬂ Use minimum cell thickness: 1 D Include proportional fractions, start from:  Top - D

Q Settings for each zone

Zone division: D Reference suface: D Restore eroded: D Restore baze: D @ @

Reference Restore Restore

Name Color Calculate Zone division surface eroded base Status
2 Zone_ Kh - |[¥] Yes Follow base | Cell thickness: 1.00 [ Yes [ Yes " Dane
=g |Zone_Kh [ [~]|[#]Yes | Follow base | Cell thickness: 5.00 [JYes  |[Yes |« Done
= [Zone_ Kh [=][#]Yes | Follow base | Cell thickness: 5.00 [Yes [Yes " Done
= | Zone_ Kh - |[¥] Yes Follow base | Cell thickness: 5.00 [ Yes [ Yes «" Dane
3 Zone_ Ah - Yes Proportional | Number of layers: 1 [ Yes [ Yes Mew
% Zone_ Ma || [¥] Yes Proportional | Number of layers: 1 [FYes [ Yes Mew
% Zone_ Na | |[[] Yes Proportional | Number of layers: 1 [ Yes [ Yes Mew
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Geometry Grid Page

Inlines: Cross-lines: #of Traces 137274
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Set orientations by corners ...
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Single Attribute Correlation Results

Target Adtribute Error l Correlation I

Porosity “-Coordinate 0.038779 -0.197205 j[

Sqrt( Porosity ) r-Coordinate 0.038880 -0.182027

Porosity X-Coordinate 0.038509 -0.180041

Sqrt( Porosity ) ¥-Coordinate 0.039013 -0.180871

( Porosity ™2 -Coordinate 0.035043 -0.197350

( Porosity ™2 X-Coordinate 0.035187 -0.162576

Porosity Derivative 0.035225 0.128542

Porosity Time 0.035251 -0.123550

Porosity Fitter 45/50-55/60 0.039258 -0.12027%

Porosity Secend Derivative Instantaneous Amplitude 0.039285 -0.116526

Log( Porosity ) -Coordinate 0.033300 -0181022

Porosity Apparent Polarity 0.039328 -0.107558

Porosity Average Freguency 0.039332 0.106228

-
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Target Log Shift Times
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Single Attribute Correlation Results

I Target I Aftribute I Error I Correlation I
Porosity Integrate 0.031314 -0.283085 ﬂ
Sqri{ Porosity ) Integrate 0.031328 -0.283037
Log( Porosity } Integrate 0.031409 -0.281352
( Porosity j**2 Integrate 0.0314595 -0.278411
1/ ( Porosity ) Integrate 0.031755 0.273879
Porosity ( Inversion Result =2 0.031803 0225234
Sgri( Porosity ) ( Inversion Result =2 0.031820 0216349
Porosity Inversion Result 0.031905 0212253
Log( Porosity ) { Inversion Result j*=*2 0.031%11 0.208757
Sgrt{ Porosity ) Inversion Result 0.031524 0.203325
Porosity Apparent Polarity 0.031954 -0.205358
Porosity Sgri( Inversion Result ) 0.031956 0.204963
Sgri( Porosity ) Sgri( Inversion Resuft ) 0.031978 0196511

-
4| |LH

There are 160 samples.
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Average Error for Al Wells
Operator Length: 1
Black Dot: Analysis Using All Wells
Red Dot: Analysis Leaving Out Target Well
Average Error (%)
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Validation Error for All Wells
Search through Range of Operator Lengths
Average Error (%)
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Multi-Attribute List

Multi Attribute List &

=l

I l Target l Final Attribute l Training Error l “alidation Error .
=
1 Porosity Integrate: 0.031314 0.032258
2 Porosity ( Inversion Result 2 0.030078 0.033116
3 Porosity Amplitude Envelope 0.029257 0.032314
4 Porosity Filter 35/40-45/50 0.023248 0.033741
5 Porosi Filter 25/30-35/40 0.027503 0.032503
Filter 55/60-65/70 0.027015 0.032235
T Porosity X-Coordinate 0.026314 0.044875
a8 Porosity Apparent Polarity 0.025417 0.035366
9 Porosity Derivative Instantaneous Amplitude 0.024550 0.035246
10 Porosity Amplitude Weighted Cosine Phase 0.024768 0.035206
-
Kl »

There are 10 transforms.
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Correlation = 0.769742
Average Error = 0.0208419 [%]
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Validation of MLFN_2 MLFN Neural Network
Using & attributes
Correlation = 0470482

Average Error = 0.0332881 [%]
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Application of MLFN_2 Neural Network
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Single Attribute Correlation Results

Target Attribute Error l Correlation I
Sqrt( Porosity ) { MLFN_Result **2 0.023248 0.674007 jl
Log( Porosity ) { MLFN_Result =2 0.023279 0.651685

Porosity { MLFN_Result j**2 0.023284 0.693785

Log( Porosity } MLFN_Result 0.023347 0.548546

Sqrt( Porosity ) MLFN_Result 0.023387 0.665118

Log( Porosity ) Sqrt( MLFN_Resutt ) 0.023440 0.645975

14 { Porosity ) Sqrt( MLFN_Result ) 0.023471 -0.500961

14 ( Porosity ) MLFN_Result 0.023474 -0.601907

Porosity MLFN_Result 0.023510 0.686763

Sqrt( Porosity ) Sqrt( MLFN_Result ) 0.0235: 0.665204

1/ ( Porosity ) Log( MLFN_Result } 0.023528 -0.599153

Log( Porosity ) Log{ MLFN_Result } 0.023570 0.542725

{ Porosity =2 { MLFN_Result j*=2 0.023580 0.724908

-

< | I_'I—I

There are 160 samples.
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Multh-Attriute List | Muli Attribute List 9 =

I l Targst l Final Attributa I Training Error l Walidation Error -
1 Sqri Porosity » ( MLFN_Result j=2 0.023248 0023740 ;I
2 Sqrii Porosity § Integrate no22Ten 0.023281
3 Sqrti Porosity ) Fitter 35/40-45/50 0.022458 0.023715
H Sqrt{ Porosity ) v-Coordinate 0,022236 0023060 |
] Dirivativie Instantanscus Amplitude |M
[1] Sqrii Porosity § Amplituds Weighted Cosine Phass 0021871 0023182
! Sqrii Porosity § Raw Seismic n.o20v04 0023628
B Sqrti Porosity ) Ampltude Weighted Phase 0.020540 o.o2avie
5 | Sqrt{ Porosity ) | ¥-Coordinate | 0.020461 | 0023380 |
10| Sqri( Porosity ) | Apparant Polarity | 0,020378 | 0,024193 |
KN _l_I

There are 10 transforms.
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Application of Multiple Attribute Regression
Using 5 attributes
Correlation = 0.731933
Average Error = 0.0220507 [%]
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‘alidation of Multiple Attribute Regression
Using 5 attributes.
Correlation = 0.703569
Axverage Error = 0.0230082 [%]
Time(ms)
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computed_Porosity — Color Key —
Amplitude at Kh
with @ window of 10 ms below
and showing the Arithmetic Mean. 03041
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computed_Porosity — Color Key —
Amplitude at Kh
with a window of 15 ms below
and showing the Arithmetic Mean. 02822
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computed_Porosity Color Key -
Amplitude at Kh
with & window of 20 ms below
and showing the Arithmetic Mean. 0.2675
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Single Aftribute Correlation Results

I Target l Aftribute l Error l Correlation I
FZ1 ¥-Coordinate 0.646556 -0.332038 jl
Sqri{ FZ1 ) ¥-Coordinate 0.654034 -0.383458
FZI Second Derivative Instantaneous Amplitude 0.659857 -0.27045%

Sgrt{ FZI ) Second Derivative Instantaneous Amplitude 0.657264 -0.2595839
FZI Cosing Instantaneous Phase 0.667883 0.2245808
FZ1 Fitter 55/60-85/70 0.659143 0.216787
([ FZl =2 ¥-Coordinate 0.670010 -0.2208590
FZ1 Amplitude Weighted Cosine Phase 0.671037 0.203947
FZI Dominant Frequency 0.671555 -0.200287
FZI Second Derivative 0.673183 -0.188285
FZ1 Raw Seizmic 0.673506 0.185046
Sgrif FZ1 ) Cosine Instantaneous Phase 0.6T74508 0.2389539
3qrt{ FZ1 ) Fitter 55/60-65/70 0.674622 0.204748
-
4 L

There are 150 =amples.
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Single Atftribute Correlation Results

L

Target Attribute Error l Correlation
FZI Derivative 0.552558 -0.358354
Sgri( FZ1) Derivative 0.557781 -0.403358
FZI 1/ ( Invergion Result } 0.558704 -0.374152
FZl Instantaneous Phase 0.562111 0.359819
FZl Log( Inversion Result ) 0.563653 0.353112
FZl X-Coordinate 0.565518 -0.344759
FZI Sgri( Invergion Result § 0.5668077 0.342280
Sgri( FZ1) Instantaneous Phase 0.566274 0.332345
(FZI =2 1/ (Inversion Result ) 0.566669 -0.313174
FZl Inversion Result 0.558444 0.331274
FZl Raw Seismic 0.570711 -0.320358
FZl Amplitude Weighted Cosine Phase 0.572285 -0.312524
( FZl y=*2 Log( Inversion Result ) 0.572554 0.302237
-
a or

There are 185 zamplez.
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Average Error for All Wells
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Validation Error for All Wells
Search through Range of Operator Lengths
Awerage Error )

I I I I I I I I
1.00 | | | | rm I |
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Number of Attributes

Legend
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Mulli-atiriute Lisl | Mutl Attribute List 9 ;I
l Target l Final Attribute I Training Errar l walidation Errar -

i | FZi Raw Selemic 0570711 0822195 :"
2 | FZI ¥-Coordinate 0532497 0,851885

3 | FZI Inatantanecia Fhase 0454839 0696747

4 | FZI Derivative Inatantaneous Ampltude 0477745 0.639938

-] | FZI Derivative 0.458535 0.631887

-] | FZi 14 ¢ Multi &ttribute_Hesult § 0450045 0.648383

7 FZ| Filter 55/60-85/70 0446371 0.608358

Sacond Darivative 0, 443489
9 | FZI | Filter 25/30-35/40 | 0,435218 | 0,601508 |
10 | FZI | Amplitude Weighted Frequency | 0.425146 | 0.877807 |

<

Thars are 10 transforms.

asxJlas 3,90 U)m ‘5‘)4 Qb)’ O9) &.’>Lw QM ‘5‘)4 AW t-)l.?Lu‘ (_gLQ)f.th.’ -ff-y Jiw

TA



a4l by, 5 6, i el g, Sl eoliiul b ceslie (sl Silis DLl ) ey
033 Cymed dalllas 050 350 ;0 by e (el (amaw Joe PNN s RBF (¥ Y) MLEN

ol 095 e Gamaw Jow ¢l p arac laasiis glgl 5l ol Casddy s -Y-Y Jous

(Training) o jge! (Validation) o yLas!

FZI goxs amw Jow L EIY Y Uas PSP Uas
Multi Attribute /A Nid: NN Ny

MLFN YA /¥ .|y AN
RBF /Y A —+/¥9 Nia
PNN NEXy .Yy VY </fY

Cp it g U o ieS slls PNN g, a5 ams o lis (Y-Y) Jgaz 5l edel sy =l
Ao g (28ly ()b, 95 LA G (Sad (e sl (b2 (55 el G L (Siicn

Agphcaten uf FIN_2 Mrobabiele Newrsl Netwark
Usrg 0 attrbines
Cortelmton « 0 512038
Avarage Crroe = 0 215333

e T
920 - 1 1 $

220 - = = —3 1 NA |

Lngend
— OO LOGS —_— Va0ehe Ligs

Anaysa YWnoows

gs‘“‘)?‘J Lchooo\o

#4



Validation of PNM_2 Probabilistic Neural Network
Using & attributes
Correlation = 0.728703
Awverage Error = 0.420565
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Application of PNN_2 Neural Network — Well Name -
Using all wells
Using & Attributes
Cross-correlation = 0.932086
Error = 0.219883
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PNN_Result Color Key -
Amplitude at Kh 212
with a window of 10 ms below %
and showing the Arithmetic Mean. fg:

1.89
1.81
174
1.66
1.58
1.51
1.43
135
128
1.20
112
1.08
0.97
0.89
0.82
0.74
0.66
0.59
0.51
0.43

Y (m)

2917500.0

2915000.0

2912500.0

2012, 1840)

(2678, 1020)
2910000.0

2907500.0

2905000.0
1 ’ 2012, 1 02$)

T T T T T T T T =
645000 647500 650000 652500 655000 657500 660000 662500
2 2]

X (m)

0.28

Legend
Xiine Infine & Well Bottom Positions
Well Deviation Paths ¥ Well Deviation Start

s 50 Nike 5l Somb 4l (oo Ve Gl )o sz () AP @ asi -FAST S

PNN_Result
Amplitude at Kh
with a window of 15 ms below
and showing the Arithmetic Mean.
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PNN_Result — Color Key
Amplitude at Kh 1.91
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Model Logs
Minimum 57.620
DT Maximum 165.387
{USIF) Mean 80.432

Standard Deviation 17.931
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B FACIES  WEIGHT DT GR NPHI RHOB PHIE

1 119 73.65 3219 0.14 2.5 0.1
2 172 66.04 18.29 0.5 2.54 0.10
3 3 112 70.71 17.53 0.8 247 0.4
4 4 1142 76.33 18.10 0.23 237 0.9
5 5 46 79.60 18.65 0.28 2.29 0.22
6 6 87 84.06 11.04 0.27 2.8 0.25
7 7 97 103.27 39.71 0.33 2.20 0.23
8 115 137.53 49.15 0.35 213 0.01
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validation of WIRE.PERM for the reservior
Well: W-1 W-2 W-3
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Single Attribute Correlation Results

I Target l Aftribute l Error I Correlation I
EFAC Quadrature Trace 1.096184 -0.388348 ﬂ
Sgri{ EFAC ) Cluadrature Trace 1.085282 -0.392867
Logi EFAC ) Quadrature Trace 1.101827 -0.387133
Sqri( EFAC ) 1/ { Inversion Result } 1.105080 0.345878
EFAC 1/ ( Inversien Result ) 1.106559 0.354807
Logl EFAC ) 1/ ( Inversien Result ) 1.1108582 0221254
EFAC Second Derivative 1.113631 0.348238
Sgrt{ EFAC ) Log( Inversion Result ) 1115765 -0.326837
Sgrt{ EFAC ) Second Derivative 1.115808 0.358134
EFAC Log( Inversion Result ) 1.116266 -0.343232
Sqrt( EFAC ) Sgrt( Inversien Result ) 1.120564 -0.317784
EFAC Sgri( Inversion Result ) 1.120845 -0.332885
EFAC Derivative Instantanecus Amplitude 1.121%18 0325330

4 o

There are 185 =amples.
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Target Log Shift Times

I wellname I Log shift (ms) B
=
W-1 =10
W-2 -2
W-3 =10
-
4 I k
Ok | Reset | Optimize |
Stnod il jolaie 4 olx 5o (gl i lae —FY-Y IS
Single Attribute Correlation Results
I Target l Attribute l Error l Correlation I
-
| Sqrt{ EFAC ) Fitter 25/30-35/40 0.752961 0.425031 j
EFAC Fitter 25/30-35/40 0.753558 0.428489
Log{ EFAC ) Fitter 25/30-35/40 0.754341 0.423870
( EFALC j**2 Fitter 25/30-35/40 0.761607 0.413145
1/ (EFAC) Fitter 25/30-35/40 0.76257% -0.396003
EFAC Fitter 15/20-25/30 0.773868 -0.357235
Sqri{ EFAC ) Fitter 15/20-25/30 0.775205 -0.345150
Log{ EFAC } Fitter 15/20-25/30 0.781703 -0.335642
( EFAC j**2 Fitter 15/20-25/30 0.785815 -0.358218
Sqri{ EFAC ) ( Inversion Result j**2 0.793088 0.235447
EFAC ( Inversion Result j*2 0.793138 0.308175
1/ (EFAC) Fitter 15/20-25/30 0.793277 0.293720
Log( EFAC } ( Inversion Result y**2 0.796270 0.257884
-
< I_'I_I

There are 185 samples.
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Awerage Error for Al Wells
QOperator Length: 1
Black Dot Analysiz Using Al Wells
Red Dot: Analysis Leaving Out Target Well
Average Error ()
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Multi-Aftribute List | Multi Attribute List 9 ;I

Target I Final Attribute l Training Error l Validation Error -
1 Sqrt{ EFAC ) Fitter 25/30-35/40 0.752972 0.772142 3
2 Sqrif EFAC ) ( Inversion Resuflt }**2 0.715577 0.735346
3 grti EFAC Derivative 0.597752 0.745575
Sqrt{ EFAC ) Integrated Absolute Amplitude
5 Sqrt{ EFAC ) Fitter 35/40-45/50 0585487 0.758034
-] Sqri( EFAC ) Dominant Frequency 0.5822T1 0.851386
7 Sgrt{ EFAC ) Integrate 0.573806 0.955471
2 Sqrt{ EFAC ) Amplitude Weighted Freguency 0574563 0.573064
9 Sqrt{ EFAC ) Fitter 45/50-55/80 0563550 1.105349
10 Sqrif EFAC ) Filter S5/60-85/70 0.554753 1.349183

H o

There are 10 transforms.
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Application of MLFM_2 MLFN Neural Network
Using 4 attributes

Fractional Classification Error = 0.233333
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Validation of MLFN_2 MLFN Neural Network
Using 4 attributes.

Fractional Classification Error = 0.383333
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with a window of 20 ms below

computed_EFAC Co
Amplitude at Kh
and showing the Arithmetic Mean.
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Mormal Probability Plot
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Parameter value Parameter value
PERM 468.1218 PHIE 0.1808
PERM-1P 521.9026 PHIE-1P 0.1867
PERM-2P 480.7628 PHIE-2P 0.1831
PERM-3P 544.0291 PHIE-3P 0.1907
Parameter value Parameter value
Vsh 0.2267 SWE 0.5345
Vsh-1P 0.1795 SWE-1P 0.5629
Vsh-2P 0.2267 SWE-2P 0.5271
Vsh-3P 0.1694 SWE-3P 0.5104
Parameter value Parameter value
EHC 8.877 BVHC 0.212
EHC-1P 7.5022 BVHC-1P 0.2082
EHC-2P 9.4309 BVHC-2P 0.2115
EHC-3P 10.8388 BVHC-3P 0.2144
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Abstract:

The spatial distribution of petrophysical parameters in a hydrocarbon reservoir is one of
the most important effective factors for description of the reservoir properties. The
reservoir modeling is an integrated engineering and geological comprehensive modeling.
A comprehensive reservoir model requires knowledge of geology, rock and fluid
properties, fluid flow in the reservoir, mechanism of production, drilling and completion,
and so on. In order to characterize the reservoir, well log and seismic data are usually
used. Well data are sufficiently accurate but they cover a limited space of the reservior.
Considering the geological complexity of the reservior, the well data or information can
not simply be extrapolated to the entire reservior. On the other hand, seismic data are less
accurate but cover a large area of the reservoir. In this study, first, the porosity has been
modeled in the reservoir zone of the study wells using well data and seismic information
with the help of geostatistical methods by the Petrel software, and also, with the help of
the method of artificial neural networks (ANNSs) by the Hampson Rusell suite (HRS)
software. Then, the results of these two methods have been compared.

For the development of hydrocarbon fields, a more and better comprehensive study and
management of the reservoir is essential. One of useful methods in the classification of
reservoir rocks and separation of productive and non-productive zones is the introduction
of the reservoir zones based on the concept of hydraulic flow units using cluster analysis
that presents a new concept to define the rock types and the reservoir zones, and removes
the disadvantages of geological and petrophysical common zoning. The hydraulic flow
unit is a specific volume of reservior in which geological and petrophysical properties of
the reservoir are the same. Accordingly, the accurate prediction of hydraulic flow units in
a reservoir is a major task to achieve reliable petrophysical descriptions of the reservoir.
There is normally no simple relationship between porosity and permeability. Thus,
determination of hydraulic flow units is a suitable method for evaluation of permeability-
porosity relationship in a reservoir. In this research, to present permeability-porosity
relationship, we, first, determine hydraulic flow units using the methods of flow zone
indicator (FZI), electrofacies and reservoir quality index (RQI) in three wells of the study
hydrocarbon field, and then, obtain and analyze permeability-porosity relationship in each
of the hydraulic flow units. The results of this study indicate the equal number of
hydraulic flow units in both FZI and electrofacies methods, but number of hydraulic flow
units in RQI method is more than the other two methods. Furthermore, the number of
hydraulic flow units in one of wells is different from the other two wells. In addition, the
results obtained from investigation of permeability-porosity relationship using the above-
mentioned methods in the hydrocarbon field indicate that the FZI method establishes this
relationship with a higher correlation coefficient compared to the electrofacies and RQI
methods. Moreover, determination of hydraulic flow units from well logging data using
the electrofacies method is possible even if the porosity and permeability date are not
available.

Since one of the most important steps in reservoir studies is to accurately compute
petrophysical parameters, and also, to reduce their computation errors, the measurement
accuracy of well logging tools and the existence of uncertainty in the results are important
factor in increasing the accuracy of the computation of petrophysical parameters. In final



stage of this study, the reservoir petrophysical parameters in one of the wells of the study
field have been calculated using deterministic method. The results have shown high
reservoir quality in the well. Then, the uncertainties of the computed petrophysical logs
using Monte Carlo analysis have been calculated. Eventually, using the uncertainty values
of the petrophysical logs in the study reservoir, petrophysical parameters have been
calculated using Monte Carlo analysis and proved (1P), probable (2P) and possible (3P)
values have been estimated for each of these petrophysical parameters. Using the
differences between these values, the uncertainty in each petrophysical parameter has
been investigated, and based on this investigation, the maximum and minimum amounts
of uncertainty have been obtained that are related to permeability and porosity parameters,
respectively.

Key words: Porosity and permeability modeling, Hydraulic flow units, Flow zone
indicator (FZI), Electrofacies, Reservior quality index (RQI), Uncertainty, Mont carol
analysis.
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