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1 - Bottom-hole pressure
2 - Shut-in period

3 - Pressure drawdown

4 - Pressure buildup

5 - Sealing faults
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1 -Compensated Neutron Log(CNL)
2 - Neutron Prosity Hydrogen Index(NPHI)

Y¥



ooliiuw! 5 590 GLa )T 9 (639 Mgyt purdinnn (SLeedg P9 Juad

30
25
20
15
10

NPHI(%)

-3 -2 -1 0 1 2 3

LKH(md)

0555 55 b G (s pdpdpis LS| HOT-T) S

oj.g’g &ogLB.o Lng)lii O-0-Y

or 9 ol @bl 9 9 3S e H1E S e SIS e Gl &S (Supd e 5 (SG

599,58 s sLpalliiws 4 axgi b ol (S Sl o5y Canglie ol o dx g5 3,50 sl slaaijle
S 2o (ndn dges Sud 1) S e Gl g (Sl (Jley ohg Cwglie (g oo (W) g
3505 5 T(LLS) ac o5 Sl JLLD) grae Sl (sla IS5 ctipdsa o Lop w15 il
Cunglie 40 5] Cowds 5,50 b 5l anzel sl jaseis jo a5 ailb SMSFL) S48 (59,5 o>
S50 Sl e g 9> sl (eizred 9 (RX0) 00l aiecd 4>l 039 Cunglie (RS, (23 (8l5 o3
Flie )3 s Sgpnee et (595 nlete (VWAZ(algd g 0oljolp0) W pS oo )13 oalitul 3,50
MoK o alSize gls ails 5 e sl LS5 ] (60,15 Copols s yiage oz 3l o] (glo Ceand
b S o @58 9 J5 090 ol 4 (S Bro il > Calun g o 6333585 13 odg; Ll
5% S aee gledl jlade az e cnlply cadls Bl )b (A5 LS dicey wiile 5 lagn S yuen o)l

L .(Asquith and Gibson, 1982) s4& oo 054381 55 Lesl Ceaglie Jloke el ial38l LSiw 7,8 5 M5

1 - Latralog Deep
2 - Latralog Shallow
3 - Micro Spherical-focused Log
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1 - Sonic Log

2 - Interval transit time
3 - Comperssional waves
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1- Photoelectric Factor
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1 -Virtual intelligence

2 -Computational intelligence
3 -Soft computing

4 -Rule-based expert systems
5 -Expert systems

6 -Evolutionary programming

7 - Generalization
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Cell Body
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Synaptic Connection
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1 - Fuzzy inference rules

2 - Dendrite
3 - Soma
4 - Axon
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' Multi Layer Perceptron
2 -Feed forward

3 - Feed backward

4 - Supervised Learning

5 - Unsupervised Learning
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1- Kohonen

2 - Probabilistic Neural Network(PNN)

3 -General Regression Neural Network(GRNN)
4- Back Propagation Neural Network(BPNN)

5 -Radial Neural Networks(RNN)
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1 -Over fitting
2 - Early stopping
3 - Regularization
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1 - Resilient backpropagation
2 -Mean Squares Error(MSE)
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1 - Mean Squares Weights(MSW)
2 - Bayesian Regularization
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1 - Momentum

2 - Bishop

3 -Sigmoid

4- Hecht and Nielsen
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Input Radial Basis Neuron
r N7 A
WL, W
. LR
| dist N\
b
1 J

a = radbas( || w-p || b)
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Input Radial Basis Layer Linear Layer
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1 - Probability density function(pdf)
2 - Smooth factor
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_ Rule based form

*_ Approximate reasoning
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' 5L b eaie k, Vsh, @
"ol olle very high, low, good
(STsl Slee b= ool j0) Klae AND
T o8 Caa ® = good AND Vsh=low
PSS k = very high
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1: If d=good AND Vsh= low
2: If d=good AND Vsh= medium
3: If d=good AND Vsh= high
4: If d=weak AND Vsh= low

YW ool
Then k=very high
Then k=high
Then k=medium
Then k=low
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1- Linguistic variables

2- Linguistic terms

3- Antecedent part

4- Consequent part

5- Granularity

6- Membership Function (MF)
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0 otherwise
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Supp: p (x) =p(x)
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1 -Core
2- Support
3- Boundry
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1- Triangular Membership Function (trimf)

2- Generalized Bell Membership Function (gbellmf)

3- Trapezoidal Membership Function (trapmf)

4- Gaussian Membership Function (gaussmf)

5- Two sided Gaussian Distribution (gauss2mf)

6- S Membership Function (smf)

7- Z Membership Function (zmf)

8- Pi Membership Function (pimf)

9- Sigmoidal Membership Function (sigmf)

10- Two Sided Sigmoidal Membership Function (dsigmf)
11- Symmetrical Sigmoidal Membership Function (psigmf)
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1-Fuzzy operation
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AND OR NOT
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Sl oslitul ©ygo nl po Wl SU U jho (g abold (o il 5B baysll nl 095 ST >
solitul Wl (656 slo Tl 51 s cnl 4o 092 Alyis Camyo Vb oged 4 o Juilins] ibate (gla,gil )
S slodeyaza (s, 2 il 3,Shac lgiza azis (NOT) 5 (OR) « (AND) il (5 sosas o5 3,5
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(Matlab, 2010) cowl s ools ;Las g3l3

B B
Two-valued
logic
9 AaB
A and LA

" B A B
Multivalued
logic
/\ Aand P \F\

=2

AND OR NOT

min{A.B) max(A,B) (1-A)

Blaie) o5, iz g (e Blaie) oi;)ls0 <l 0 NOT) 3 (OR) « (AND) sla, 5151 5 ,Slase o9 : (VF-1) JSi

Matlab, 2010) (36
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1 -Fuzzy Inference System
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Matlab, 2010)5,5 5 L5l ¢35 550 45 |5 co iamcms () SLl3e
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1 -Mamdani

2 -Takagi and Sugeno

3 -Fuzzify Inputs

4 -Apply Fuzzy Operator

5 -Apply Implication method
6 -Aggregate All Outputs

7 -Defuzzify
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Jantzen, 1998)aib o o

1- Fuzzy C-Means Clustering
2- Subclustering
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1- Self-training
2- Adaptive Neuro-Fuzzy Inference System (ANFIS)
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2- Least Squares
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1- Committee machine with intelligent system
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train performance
nl | n2 R1 R2 R3 RMS1 | RMS2 | var
function function
trainbfg mse 1| 0 |0.856 | 0.871 | 0.907 | 0.784 | 0.722
trainlm mse 2 | 0 | 0879 | 0.894 | 0.909 | 0.699 | 0.644
KH1 %
trainscg mse 4 0 | 0.859 | 0.882 | 0.901 | 0.760 | 0.689 =
trainlm mse 2 | 0 | 0875 |0.894 | 0.911 | 0.712 | 0.642
trainbfg mse 3 | 0 |0.875|0.893 | 0.904 | 0.713 | 0.646
traingdx mse 3 | 0 |0533|0.512|0.680 | 1.370 | 1.369 =
KH2 3
trainrp mse 4 1 | 0.878 | 0.888 | 0.918 | 0.704 | 0.663 o
_|
trainbfg mse 7 2 | 0.859 | 0.869 | 0.923 | 0.754 | 0.712
trainlm mse 6 | 0 | 0.895 | 0.888 | 0.917 | 0.655 | 0.663
trainlm mse 6 1 | 0.910 | 0.895 | 0.931 | 0.619 | 0.649
trainlm mse 7 1 | 0.908 | 0.890 | 0.928 | 0.616 | 0.660 %
T
trainscg mse 8 | 0 | 0.879 | 0.880 | 0.927 | 0.704 | 0.689 | KH3 ‘é
B
trainrp mse 8 1 | 0.861 | 0.881 | 0.910 | 0.754 | 0.691 %
o]
traingdx mse 7 5 | 0.864 | 0.865 | 0.888 | 0.742 | 0.724
trainbfg mse 7 2 | 0.854 | 0.878 | 0.893 | 0.766 | 0.691
trainlm mse 6 | 0 | 0.907 | 0.886 | 0.903 | 0.660 | 0.727
trainlm mse 6 1 |0.917 | 0.887 | 0.920 | 0.586 | 0.667
trainlm mse 7 1 |0.918 | 0.863 | 0.900 | 0.582 | 0.738 -
o
trainscg mse 8 5 | 0.431 | 0.496 | 0.511 | 1.343 | 1.348 | KH3 %
=
trainrp mse 8 1 | 0.900 | 0.893 | 0.913 | 0.647 | 0.667 g
traingdx mse 7 5 | 0.882 | 0.893 | 0.910 | 0.695 | 0.651
trainbfg mse 5 3 | 0.872 | 0.860 | 0.903 | 0.722 | 0.733
trainlm mse 9 2 | 0.940 | 0.892 | 0.933 | 0.502 | 0.659
z
o
trainlm mse 8 6 | 0.949 | 0.890 | 0.928 | 0.461 | 0.659 =
KH4 S
trainlm mse 10| 5 | 0.811 | 0.767 | 0.806 | 0.859 | 0.925 ;
(@]
trainlm mse 10| 1 | 0.788 | 0.746 | 0.759 | 0.906 | 0.961 ﬁ
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train performance
nl | n2 R1 R2 R3 RMS1 RMS2 var

function function

trainlm mse 9 2 0.929 0.892 0.912 0.543 0.654

trainlm mse 8 6 0.918 0.881 0.926 0.584 0.685

trainlm mse 10 5 0.741 0.790 0.757 0.988 0.900 E

trainlm mse 10 1 0.905 0.852 0.918 0.628 0.766 KH4 :E

trainlm mse 6 0 0.921 0.876 0.923 0.572 0.698 é
o)

traingdx mse 10 2 0.765 0.789 0.779 0.953 0.924 .

trainscg mse 7 0 0.852 0.858 0.878 0.770 0.739

trainlm mse 8 1 0.900 0.874 0.924 0.666 0.716

trainlm mse 8 2 0.757 0.634 0.680 0.993 0.993

trainlm mse 10 0 0.928 0.891 0.889 0.548 0.654 E

traingdx mse 10 0 0.856 0.840 0.880 0.760 0.783 KH5 ‘;

traingdx mse 11 1 0.786 0.756 0.651 0.928 0.955 \,%

trainbfg mse 8 3 0.897 0.887 0.906 0.649 0.664 E

trainscg mse 6 1 0.871 0.892 0.914 0.754 0.682

trainlm mse 11 0 0.682 0.892 0.907 0.599 0.657

trainlm mse 10 1 0.782 0.777 0.707 0.916 0.905 _

trainbfg mse 9 0 0.915 0.889 0.912 0.602 0.658 %

trainbfg mse 11 0 0.900 0.892 0.913 0.640 0.653 KH5 ‘%

trainbfg mse 11 1 0.906 0.884 0.903 0.622 0.676 :%

trainbfg mse 8 3 0.894 0.887 0.922 0.659 0.665 %

trainscg mse 10 1 0.900 0.887 0.925 0.640 0.666

trainscg mse 12 0 0.906 0.890 0.928 0.623 0.656 %
T

trainlm mse 9 7 0.925 0.891 0.934 0.562 0.667 :§|

trainlm mse 9 8 0.936 0.893 0.918 0.520 0.647 KH6 g

trainlm mse 9 5 0.919 0.876 0.912 0.603 0.706 %

trainlm mse 10 0 0.934 0.830 0.869 0.530 0.804 ‘;
m
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Train performance
nl | n2 R1 R2 R3 RMS1 RMS2 var

function function

trainscg mse 8 0 0.867 0.870 0.895 0.732 0.709

trainlm mse 9 5 0.930 0.883 0.930 0.540 0.675

trainlm mse 10 5 0.920 0.881 0.906 0.578 0.683 %

trainlm mse 8 0 0.934 0.819 0.899 0.526 0.848 ‘g‘

trainlm mse 9 1 0.917 0.894 0.916 0.587 0.645 ?
KH7 8

trainlm mse 7 2 0.915 0.887 0.903 0.597 0.667 ~E

traingdx mse 10 0 0.720 0.707 0.695 1.041 1.066 é

m

trainbfg mse 11 3 0.873 0.894 0.914 0.719 0.650 E

trainscg mse 8 0 0.879 0.877 0.895 0.703 0.692

trainscg mse 16 | 12 0.827 0.787 0.871 0.832 0.900

trainscg mse 11 1 0.888 0.872 0.910 0.677 0.706

trainlm mse 16 | 11 0.936 0.821 0.815 0.530 0.828

trainlm mse 10 0 0.922 0.872 0.888 0.567 0.704 >

trainlm mse 18 3 0.934 0.887 0.922 0.523 0.667 %

traingdx mse 10 0 0.896 0.890 0.918 0.652 0.659 \%

traingdx mse 11 2 0.883 0.872 0.903 0.698 0.720 KH8 :§

traingdx mse 12 2 0.926 0.875 0.913 0.559 0.698 é

trainlm mse 12 5 0.875 0.858 0.909 0.749 0.763 ‘E

(%]

trainbfg mse 10 4 0.881 0.852 0.910 0.710 0.758 E

trainbfg mse 13 6 0.911 0.887 0.927 0.606 0.665

trainbfg mse 7 2 0.780 0.799 0.869 0.890 0.845

trainlm mse 6 0 0.907 0.887 0.930 0.589 0.667

trainlm mse 6 1 0.918 0.881 0.926 0.584 0.685

trainlm mse 7 1 0.934 0.891 0.936 0.498 0.640 §
Kv3 ]

trainscg mse 8 5 0.898 0.847 0.931 0.615 0.621 ‘%

trainrp mse 8 1 0.911 0.890 0.901 0.575 0.629 8

traingdx mse 7 5 0.588 0.663 0.739 1.265 1.152
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Train performance
nl | n2 R1 R2 R3 RMS1 RMS2 var

function function

trainlm mse 12 | 10 0.946 0.874 0.810 0.475 0.671

trainlm mse 12 2 0.923 0.884 0.916 0.590 0.658

trainlm mse 18 | 16 0.977 0.810 0.875 0.300 0.974 >
h)

trainlm mse 16 6 0.818 0.851 0.834 0.805 0.840 %

Kv4 —

trainlm mse 14 6 0.967 0.871 0.917 0.361 0.682 %

trainlm mse 17 | 16 0.961 0.878 0.888 0.389 0.660 ‘E

trainlm mse 17 0 0.949 0.824 0.875 0.444 0.710

trainbfg mse 14 6 0.929 0.890 0.918 0.519 0.629

trainlm mse 17 2 0.937 0.811 0.866 0.497 0.776

trainlm mse 18 8 0.956 0.897 0.882 0.414 0.616

trainlm mse 16 3 0.936 0.821 0.815 0.530 0.828 %
T

trainrp mse 18 9 0.928 0.881 0.877 0.519 0.656 \é

trainlm mse 8 5 0.914 0.852 0.898 0.597 0.758 KV6 g

trainlm mse 10 6 0.952 0.885 0.882 0.428 0.646 :g

trainscg mse 11 5 0.866 0.906 0.869 0.708 0.591 ‘;

trainlm mse 9 9 0.934 0.887 0.880 0.609 0.666 "

traingdx mse 14 0 0.635 0.728 0.521 1.093 0.962

trainlm mse 10 1 0.965 0.863 0.889 0.373 0.701

trainbfg mse 10 2 0.883 0.867 0.852 0.656 0.686 >

trainlm mse 12 2 0.947 0.906 0.898 0.454 0.585 %

trainbfg mse 12 1 0.876 0.869 0.872 0.710 0.709 %

trainscg mse 11 1 0.910 0.887 0.871 0.580 0.635 Kv8 :§

trainscg mse 15 0 0.894 0.871 0.848 0.627 0.677 é

trainbfg mse 9 3 0.919 0.869 0.894 0.553 0.712 ‘E
(%]

trainscg mse 14 6 0.927 0.890 0.896 0.524 0.631 E

trainscg mse 11 2 0.872 0.727 0.886 0.653 0.996
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Oglite sleadgyg b s3le plate by 4 JLatl g aSes (3j9al 5l Jol> wollas gulis :0- @) Jgux

Siosel &l | nl | n2 R1 R2 RMS1 | RMS2 | Var
trainbr | 1 | 0 | 0.9017 | 0.8617 | 0.6315 | 0.7412
trainbr | 2 | 0 | 0.9011 | 0.8600 | 0.6335 | 0.7454 z
KH1 | =
trainbr | 3 | 1 | 0.9019 | 0.8622 | 0.6309 | 0.7397
trainbr | 2 | 1 | 0.9019 | 0.8622 | 0.6309 | 0.7398
trainbr | 2 | 1 | 0.9106 | 0.8830 | 0.6037 | 0.6850
trainbr | 3 | 1 | 0.9109 | 0.8834 | 0.6029 | 0.6838 >
o
trainbr | 3 | 2 | 0.9157 | 0.8738 | 0.5872 | 0.7087 | KH2 ‘:_é:'
trainbr | 4 | 0 | 0.9063 | 0.8830 | 0.6175 | 0.6859
trainbr | 4 | 1 | 0.9109 | 0.8834 | 0.6029 | 0.6838
trainbr | 3 | 0 | 0.8760 | 0.8116 | 0.7047 | 0.8561
trainbr | 6 | 0 | 0.8617 | 0.7999 | 0.7413 | 0.8792
trainbr | 8 | 0 | 0.9789 | 0.8869 | 0.2702 | 0.6828 i
trainbr | 9 | 0 | 0.8617 | 0.7999 | 0.7413 | 0.8792 | KH3 ‘E
T
trainbr | 10| O | 0.8935 | 0.7361 | 0.6562 | 1.0182 8
trainbr | 11| 0 | 0.8618 | 0.7997 | 0.7410 | 0.8796
trainbr | 12| 0 | 0.9038 | 0.8718 | 0.6251 | 0.7157
trainbr | 6 | 0 | 0.8795 | 0.7911 | 0.6952 | 0.8971
trainbr | 6 | 1 | 0.8894 | 0.8232 | 0.6678 | 0.8299 ?
trainbr | 7 | 0 | 0.8478 | 0.7960 | 0.7748 | 0.8848 | KH3 :§|
(0]
trainbr | 7 | 1 |0.9101 | 0.7504 | 0.6052 | 0.9822 z
trainbr | 5 | 1 | 0.8935 | 0.8149 | 0.6561 | 0.8490

\FY



trainbr 4 | 0 |0.8474 | 0.7958 | 0.7757 | 0.8852

trainbr 4 |1 1 10.8919|0.8174 | 0.6608 | 0.8431

trainbr 51| 0 | 0.9406 | 0.8757 | 0.4962 | 0.7154

trainbr 4 | 1 |0.9060 |0.8318 | 0.6184 | 0.8112

trainbr 8 | 1 |0.9116 | 0.7855 | 0.6006 | 0.9059 E

trainbr 8 | 3 10.9396 | 0.6980 | 0.5002 | 1.1002 | KH4 %

trainbr 6 | O | 0.8994 | 0.8226 | 0.6387 | 0.8298 *%

trainbr | 11| 1 | 0.7892 | 0.7343 | 1.4609 | 1.4684

trainbr | 12| O | 0.9785 | 0.7909 | 0.3013 | 0.9278

) 1(V-) Jsaa
Jsd il nln2] R1 R2 | RMS1 | RMS2 | Var
trainbr | 11| 0 | 0.9196 | 0.8422 | 0.5744 | 0.7874
trainbor | 8 | 0 [0.9190 | 0.8416 | 0.5763 | 0.7890 E
trainbr | 8 | 4 |0.9402 | 0.8477 | 0.4978 | 0.7805 é
trainbr | 9 | 2 |0.9428 | 0.8095 | 0.4872 | 0.8784 %
KH7 | ©&

trainbr | 10 | 0 | 0.9193 | 0.8428 | 0.5754 | 0.7861 p
trainor | 10 | 2 | 0.9404 | 0.8106 | 0.4970 | 0.8593 é
trainbr | 11| 0 | 0.9195 | 0.8423 | 0.5746 | 0.7873 E
trainbr | 12| 0 | 0.9332 | 0.8468 | 0.5256 | 0.7845 &
trainbr | 15| 0 | 0.9447 | 0.8755 | 0.4791 | 0.7051 = 2
trainbr | 14 | 0 | 0.9449 | 0.8744 | 0.4786 | 0.7081 | KHS «E%é
trainbr | 13| 0 | 0.9449 | 0.8745 | 0.4784 | 0.7079 5%%
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trainbr | 12 | 0 | 0.9449 | 0.8744 | 0.4787 | 0.7081

trainbr | 11| 5 | 0.9449 | 0.8749 | 0.4786 | 0.7068

trainbr | 10| O | 0.9449 | 0.8744 | 0.4787 | 0.7081

trainbr | 9 | 0 | 0.9292 | 0.8688 | 0.5400 | 0.7300

trainbr | 9 | 1 | 0.9617 | 0.7074 | 0.4004 | 1.1853

trainbr | 11| 3 | 0.9745| 0.8451 | 0.3282 | 0.8821

trainbr | 8 | 1 | 0.9562 | 0.7552 | 0.4279 | 1.0369

trainbr | 8 | 4 | 0.9689 | 0.8413 | 0.3617 | 0.8837

trainbr | 6 | O | 0.8684 | 0.7847 | 0.6524 | 0.8202

trainbr | 6 | 2 | 0.7990 | 0.7478 | 1.3839 | 1.3932

trainbr | 6 | 5 | 0.9543 | 0.8625 | 0.4137 | 0.7077 E

trainbr | 7 | 0 | 0.9532 | 0.8682 | 0.4186 | 0.6948 | KV3 :é

trainbr | 7 | 2 1 0.9927 | 0.8751 | 0.1765 | 0.7178 %

trainbr | 8 | 2 | 0.9670 | 0.8503 | 0.3527 | 0.7603 ”

trainbr | 9 | 3 | 0.9335| 0.6416 | 0.4718 | 1.0731

trainbr | 8 | 2 | 0.8718 | 0.7910 | 0.6444 | 0.8066

trainbr | 8 | 0 | 0.8665 | 0.7830 | 0.6567 | 0.8206 =

trainbr | 7 | 2 | 0.8722 | 0.7922 | 0.6436 | 0.8049 %
KV4 .

trainbr | 9 | 0 | 0.8665 | 0.7829 | 0.6566 | 0.8208 %

trainbr | 9 | 4 | 0.8718 | 0.7918 | 0.6445 | 0.6445 ‘E

trainbr | 8 | 5 | 0.8718 | 0.7919 | 0.6445 | 0.8051
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Algorithms

Training: Bayesian Regulation (trainbr)
Performance:  Surn Sguared Error (s:e)

Progress

Epoch: 0| : 200
Tirme: | 0:00:02 |
Performance; 1.11e+03 0.0100
Gradient: 100 [ 0.519 | 1.00e-10
Mu: 0,00500 | 5.00e+10 | 1.00e+10
Validation Checks: 0| D | 6

MWum Parameters: 410 | 16.5 | Man
Sum Squared Pararm: 622 | 16,1 | MaM
Plots

(plotperfarm)

Training State {plottrainstate)

Plot Interval: ﬂ 1 epochs

y Maximum MU reached.
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Sf R1 R2 RMS1 RMS2 | Var
0.10 0.9045 | 0.8639 | 0.6233 0.7377
0.12 0.9041 | 0.8638 | 0.6253 0.7393
0.14 0.9037 | 0.8638 | 0.6276 0.7409
0.16 0.9031 | 0.8639 | 0.6308 0.7430
KH1| %
0.18 0.9025 | 0.8638 | 0.6355 0.7466 T
0.20 0.9016 | 0.8635| 0.6420 0.7523
0.22 0.9004 | 0.8627 | 0.6509 0.7604
0.24 0.8989 | 0.8617 | 0.6625 0.7711
0.10 0.9266 | 0.8831 | 0.5500 0.6845
0.12 0.9205 | 0.8876 | 0.5715 0.6737
0.14 0.9156 | 0.8899 | 0.5885 0.6688
0.16 0.9117 | 0.8907 | 0.6019 0.6685 Z
KH2| I
0.18 0.9083 | 0.8900 | 0.6133 0.6722 5
0.20 0.9051 | 0.8880 | 0.6241 0.6794 B
0.22 0.9019 | 0.8851 | 0.6348 0.6894
0.24 0.8987 | 0.8813 | 0.6458 0.7014
0.05 0.9781 | 0.8675 | 0.3049 0.7332
0.07 0.9666 | 0.8890 | 0.3755 0.6696 >
0.13 0.9105 | 0.8963 | 0.6092 0.6594 ‘E
KH3 o
0.15 0.9064 | 0.8916 | 0.6235 0.6742 o
0.17 0.9022 | 0.8865 | 0.6379 0.6898 s,Ig
0.19 0.8979 | 0.8812 | 0.6525 0.7057

A}




0.21 0.8936 | 0.8757 | 0.6670 0.7218

0.10 0.9558 | 0.8616 | 0.4300 0.7427

0.12 0.9482 | 0.8719 | 0.4648 0.7147

0.14 0.9415 |0.8814 | 0.4934 0.6894

0.16 0.9351 |0.8886 | 0.5192 0.6705 E

0.18 0.9290 |0.8928 | 0.5424 0.6601 i :3

0.20 0.9234 | 0.8940 | 0.5632 0.6587 2

0.22 0.9182 |0.8925 | 0.5820 0.6649

0.24 0.9133 |0.8892 | 0.5996 0.6763

aelsl: (V=) Jsoz

sf R1 R2 RMS1 RMS2 | var

0.05 0.9888 | 0.8690 | 0.2187 0.7332

0.07 0.9763 | 0.8925| 0.3173 0.6605

0.09 0.9113 | 0.8960 | 0.6073 0.6602 z

0.11 0.9073 |0.8912 | 0.6214 0.6751 =
KH4 | 9

0.13 0.9032 |0.8861 | 0.6355 0.6906 E:

0.15 0.8991 |0.8807 | 0.6496 0.7064 f-j

0.17 0.8949 |0.8752 | 0.6637 0.7223

0.19 0.8908 | 0.8697 | 0.6776 0.7381

0.10 0.9773 | 0.8759 | 0.3103 0.7057 9

0.12 0.9699 |0.8892 | 0.3567 0.6681 | KH4 %E

0.14 0.9142 | 0.8899 | 0.6002 0.6762 E a

\OY




0.16 0.9088 | 0.8848 0.6191 0.6919

0.18 0.9035 | 0.8797 0.6373 0.7077

0.20 0.8984 | 0.8746 0.6547 0.7233

0.22 0.8935 | 0.8695 0.6712 0.7386

0.24 0.8887 | 0.8645 0.6871 0.7536

0.10 0.9891 | 0.8610 0.2159 0.7444

0.12 0.9832 | 0.8736 0.2677 0.7104

0.14 0.9774 | 0.8830 0.3106 0.6848 §

0.16 0.9712 | 0.8898 0.3503 0.6660 ‘3
KH5 |

0.18 0.9645 | 0.8947 0.3886 0.6529 (:5

0.20 0.9082 | 0.8579 0.6212 0.7631 :E

0.22 0.9124 | 0.8593 0.6060 0.7577 i

0.24 0.9167 | 0.8604 0.5905 0.7531

0.10 0.9844 | 0.8787 0.2589 0.7003

0.12 0.9764 | 0.8902 0.3174 0.6666

0.14 0.9489 | 0.8878 0.4633 0.6804 =

0.16 0.9424 | 0.8840 0.4912 0.6898 ‘i

0.18 0.9363 | 0.8801 0.5159 0.7000 | KH5 "E

0.20 0.9278 | 0.8736 0.5483 0.7169 %

0.22 0.9201 | 0.8667 0.5765 0.7348 5

0.24 0.9201 | 0.8667 0.5765 0.7348 -

0.26 0.9153 | 0.8621 0.5934 0.7468

Sf R1 R2 RMS1 RMS2 Var

1OY




0.05 0.9957 | 0.8921 | 0.1352 0.7173
0.07 0.9891 | 0.8795 | 0.2152 0.7455
0.09 0.9832 | 0.8794 | 0.2676 0.7334 z
0.11 0.9774 | 0.8777 | 0.3100 0.7254 i
0.13 0.9714 | 0.8751 | 0.3479 0.7231 5
KH6 | &
0.15 0.9650 | 0.8716 | 0.3845 0.7265 @
0.17 0.9580 | 0.8669 | 0.4203 0.7353 %Z’%
0.19 0.9510 | 0.8615 | 0.4533 0.7469 E
0.21 0.9443 | 0.8559 | 0.4823 0.7593 )
0.23 0.9382 | 0.8504 | 0.5071 0.7717
0.10 0.9927 | 0.8751 | 0.1766 0.7179
0.12 0.9879 | 0.8764 | 0.2275 0.7108
0.14 0.9825 | 0.8745 | 0.2737 0.7134 z
0.16 0.9764 | 0.8716 | 0.3183 0.7193 =
0.18 0.9698 | 0.8691 | 0.3594 0.7248 g
0.20 0.9632 | 0.8639 | 0.3956 0.7392 | KH7 f-j
0.22 0.9570 | 0.8616 | 0.4270 0.7459 §,
0.24 0.9512 | 0.8608 | 0.4547 0.7472 ;
0.26 0.9455 | 0.8600 | 0.4795 0.7487 é
0.28 0.9401 |0.8592 | 0.5024 0.7507
0.30 0.9349 | 0.8581 | 0.5236 0.7535
0.05 0.9999 | 0.8565 | 0.0235 0.7738 99
0.07 0.9987 | 0.8489 | 0.0738 0.7945 | KHS8 | E %
0.09 0.9959 |0.8588 | 0.1331 0.7667 E ZE
=

VOF




4.l ;(\_E) Jsas

s R1 R2 RMS1 RMS1 | Var

0.05 0.0828 | 0.8834 | 0.2561 | 0.6521

0.07 0.9175 | 0.8892 | 05557 | 0.6418

0.09 0.9135 | 0.8840 | 05696 | 0.6561 _

0.11 0.9094 | 0.8784 | 05834 | 06711 E=
KV3 w)

0.13 0.9053 | 0.8726 | 05971 | 0.6863 ~

0.15 0.9012 | 0.8667 | 0.6106 | 0.7015 S

0.17 0.8971 | 0.8608 | 05931 | 0.8608

0.19 0.8911 | 0.8521 | 06118 | 0.7018

0.05 0.9901 | 0.8874 | 0.1950 | 0.6409

0.07 0.9135 | 0.8840 | 05415 | 0.6237

0.09 0.9141 | 0.8842| 05682 | 0.6563 =

0.11 0.9102 | 0.8786| 05816 | 0.6712 =
Kva| 9

0.13 0.0063 | 0.8727 | 05949 | 0.6863 B

0.15 0.9024 | 0.8668 | 0.6080 | 0.7014 ff

0.17 0.8985 | 0.8609 | 0.6210 | 0.7162

0.19 0.8931 | 0.8550 | 0.6056 | 0.6950

0.05 0.9978 | 0.8757 | 0.0920 | 0.7041 o

0.07 0.9945 | 0.8700 | 0.1453 0.7171 ;;;

0.09 09907 |0.8708 | 0.1887 | 07087 |KV6 W T

0.11 0.9865 | 0.8709 | 0.2276 | 0.6995 é a

0.13 0.9817 | 0.8701| 0.2648 | 0.6946 B

100




0.15 0.9761 | 0.8680 0.3024 0.6954
0.17 0.9696 | 0.8641 0.3401 0.7027
0.19 0.9630 | 0.8589 0.3745 0.7138
0.21 0.9568 | 0.8532 0.4039 0.7261
0.23 0.9512 | 0.8475 0.4285 0.7384
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Outputs vs. Targets, R=0.91753
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Sglits (53le adg> slagled 5 laog)s b 3 Bhats plus (b 1 ol Cgllas gl (V- 3)Jgu

r R1 R2 RMS1 RMS2 Var

0.10 0.9056 | 0.8537 | 0.6195 0.7603

0.20 0.9025 | 0.8615 | 0.6292 0.7418

0.30 0.9032 | 0.8646 | 0.6272 0.7339

0.40 0.9018 | 0.8615 | 0.6314 | 0.7416

0.50 0.9004 | 0.8591 | 0.6356 | 0.7480 _
KH1 | T

0.60 0.8978 | 0.8567 | 0.6435 0.7538 P

0.70 0.8958 | 0.8553 | 0.6494 | 0.7572

0.80 0.8953 | 0.8547 | 0.6506 | 0.7584

0.90 0.8939 | 0.8536 | 0.6548 | 0.7608

1.00 0.8938 | 0.8534 | 0.6552 0.7612

0.10 0.9070 | 0.8757 | 0.6154 | 0.7052

0.20 0.8991 | 0.8862 | 0.6395 0.6776

0.30 0.9092 | 0.8903 | 0.6081 0.6653

0.40 0.9051 | 0.8859 | 0.6212 0.6772

0.50 0.8995 | 0.8802 | 0.6382 0.6929 )

0.60 0.9000 | 0.8782 | 0.6369 | 0.6984 e ;

0.70 0.8996 | 0.8741 | 0.6379 | 0.7098 -

0.80 0.8985 | 0.8704 | 0.6412 0.7196

0.90 0.8987 | 0.8681 | 0.6407 | 0.7256

1.00 0.8969 | 0.8649 | 0.6459 | 0.7338

0.1 0.9463 | 0.4590 | 0.4721 2.8564 -3
KH3 T T

0.2 0.9297 | 0.8740 | 0.5380 | 0.7100 S E

\ld|



0.3 0.9197 | 0.9067 | 0.5734 | 0.6148
0.4 0.9183 | 0.9049 | 0.5784 | 0.6206
0.5 0.9058 | 0.8946 | 0.6189 0.6542
0.6 0.8967 | 0.8822 | 0.6465 0.6892
0.7 0.8970 | 0.8790 | 0.6456 0.6959
0.8 0.8978 | 0.8783 | 0.6432 0.6979
0.9 0.8981 | 0.8775 | 0.6425 0.7002
1 0.8986 | 0.8762 | 0.6409 0.7043
aaldl (1-3) Jsan
r R1 R2 RMS1 RMS2 Var
0.10 0.9540 | 0.7811 | 0.4381 1.0181
0.20 0.9141 | 0.8580 | 0.5923 0.7511
0.30 0.9077 | 0.8554 | 0.6131 0.7566
0.40 0.9085 | 0.8787 | 0.6103 0.6971
0.50 0.9118 | 0.8710 | 0.6000 | 0.7178 §
KH3 | ©
0.60 0.9089 | 0.8725 | 0.6091 0.7132 E\
0.70 0.9020 | 0.8750 | 0.6307 0.7057 =
0.80 0.9021 | 0.8721 | 0.6303 0.7132
0.90 0.9019 | 0.8695 | 0.6309 0.7199
1.00 0.9023 | 0.8679 | 0.6296 0.7240
0.2 0.9319 | 0.8596 | 0.5298 0.7480 KH4 E 3
O T

\#Y




0.3 0.9304 | 0.8377 | 0.5355 | 0.7992
0.4 0.9294 | 0.8520 | 0.5392 | 0.7668
0.5 0.9243 | 0.8508 | 0.5576 | 0.7728
0.6 0.9076 | 0.8750 | 0.6132 | 0.7098
0.7 0.8853 | 0.8758 | 0.6794 | 0.7064
0.8 0.8903 | 0.8779 | 0.6652 | 0.6998
0.9 0.8940 | 0.8808 | 0.6546 | 0.6921
1 0.8933 | 0.8703 | 0.6566 | 0.7226
0.10 | 1.0000 | 0.2902 | 0.0000 | 5.0573
0.20 | 0.9270  0.8152 | 0.5481 | 0.8632
0.30 | 0.9216 | 0.8720 | 0.5672 | 0.7181

0.40 | 0.9209 | 0.8911 | 0.5693 | 0.6654 {'5\

0.50 | 0.9129 | 0.8824 | 0.5964 | 0.6891 OCID)

KH4 |

0.60 | 0.9073 | 0.8812 | 0.6144 | 0.6931 )

0.70 | 0.9019 | 0.8792 | 0.6309 | 0.6948 g

0.80 | 0.9028 | 0.8792 | 0.6283 | 0.6948 -
0.90 | 0.9034 | 0.8785 | 0.6263 | 0.6966
1.00 | 0.9039 | 0.8765 | 0.6247 | 0.7021

aaldl (1-3) Jsan
r R1 R2 RMS1 RMS2 Var

\#Y




0.10 | 1.0000 | 0.6455 | 0.0000 | 1.4133
0.20 | 0.9458 | 0.7677 | 0.4745 | 0.9935
0.30 | 0.9176 | 0.8376 | 0.5808 | 0.7966

(N

0.40 | 0.9187 | 0.8264 | 0.5770 | 0.8248 &

N

0.50 | 0.9188 | 0.8318 | 0.5765 | 0.8157 o}

KH5 | Z

0.60 | 0.9046 | 0.8784 | 0.6226 | 0.6992 =

()

0.70 | 0.8970 | 0.8732 | 0.6458 | 0.7165 =

o

0.80 | 0.8884 | 0.8766 | 0.6706 | 0.7045 =
0.90 | 0.8897 | 0.8789 | 0.6670 | 0.6981
1.00 | 0.8991 | 0.8812 | 0.6396 | 0.6912
0.10 | 1.0000 | 0.2483 | 0.0000 | 11.7561
0.20 | 0.9823 | 0.1860 | 0.2736 | 323.7267

0.30 | 0.9469 | 0.8803 | 0.4699 | 0.7128 B

L

0.40 | 0.9298 | 0.8083 | 0.5378 | 0.8740 g

=

0.50 | 0.9333 | 0.7900 | 0.5247 | 0.9247 o

o

KH5 | 2

0.60 | 0.9086 | 0.8767 | 0.6103 | 0.7074 o

()]

0.70 | 0.8870 | 0.8698 | 0.6745 | 0.7215 -

I

0.80 | 0.8925 | 0.8734 | 0.6589 | 0.7114 z
0.90 | 0.8943 | 0.8767 | 0.6537 | 0.7026
1.00 | 0.8944 | 0.8687 | 0.6533 | 0.7263

0.1 | 1.0000 | 0.7787 | 0.0000 | 1.0052 w

0.3 | 0.9516 | 0.7204 | 0.4488 | 1.1970 5

KH6 |z 3

0.4 | 0.9381 | 0.7900 | 0.5061 | 0.9448 =@

T

0.5 | 0.9265 | 0.8425 | 0.5496 | 0.7929 =

131




4alal 1(1-3) Jsas

r R1 R2 RMS1 RMS2 Var
0.1 1.0000 | 0.8430 | 0.0000 0.8039
0.3 0.9592 | 0.6625 | 0.4132 1.3923
0.4 0.9385 | 0.3743 | 0.5043 3.2218 %
0.5 0.9428 | 0.3304 | 0.4872 3.5742 ;
0.6 0.9268 | 0.8541 | 0.5486 0.7589 KH7 §
0.7 0.9124 | 0.8545 | 0.5978 0.7580 %
0.8 0.9020 | 0.6800 | 0.6308 1.2580 ;
0.9 0.9111 | 0.8215 | 0.6020 0.8355 -
1 0.9007 | 0.8856 | 0.6346 0.6783
0.1 1.0000 | 0.8633 | 0.0000 0.7617
0.3 0.9692 | 0.1285 | 0.3600 4.1374 %
0.6 0.9197 | 0.7712 | 0.5735 1.0008 %
0.7 0.9220 | 0.5524 | 0.5655 1.8901 KH8 %
0.8 0.9051 | 0.2532 | 0.6212 5.0527 g\
0.9 0.9132 | 0.6868 | 0.5952 1.2474 ;f_:
1 0.9040 | 0.6610 | 0.6245 1.3464 .
0.1 0.9206 | 0.9033 | 0.5406 0.5955
0.2 0.9177 | 0.8956 | 0.5497 0.6188
0.3 0.9284 | 0.8961 | 0.5142 0.6153 F_i
KV3 | @
0.4 0.9187 | 0.8966 | 0.5464 0.6138 T
0.5 0.9034 | 0.8757 | 0.5933 0.6694 =
0.6 0.9045 | 0.8763 | 0.5902 0.6684

V70
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Dglis (g5l adigS slaglad g Luogys b 658 ras sl (b I Jol> oslhae mli (V- 2) oz

r R1 R2 RMS1 RMS2 | Var

0.10 | 0.9087 | 0.8555| 0.6098 | 0.7563

0.20 | 0.9045 |0.8582| 0.6231 | 0.7505

0.30 | 0.9046 ' 0.8629| 0.6228 | 0.7384

0.40 | 0.9022 |0.8633| 0.6301 | 0.7369 _
KH1 | T

0.50 | 0.9022 |0.8633| 0.6301 | 0.7369 =

0.60 | 0.9022 |0.8633| 0.6301 | 0.7369

0.70 | 0.9022 [0.8633| 0.6301 | 0.7369

0.80 | 0.9037 0.8616| 0.6253 | 0.7414

0.10 | 0.9160 |0.8473| 0.5862 | 0.7757

0.20 | 0.9164 |0.8645| 0.5847 | 0.7336

0.30 | 0.9252 |0.8485| 0.5545 | 0.7759

0.40 | 0.9134 0.8667| 05946 | 0.7270 5

0.50 | 0.9055 | 0.8909| 0.6198 | 0.6634 e T

0.60 | 0.9074 |0.8861| 0.6140 | 0.6768 -

0.70 | 0.9074 0.8855| 0.6138 | 0.6784

0.80 | 0.9068 0.8881| 0.6159 | 0.6715

0.1 | 0.9548 |0.4102| 0.4340 | 3.7522
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Abstract

Permeability is an important reservoir property that identify the ability of transition of fluid such
as oil, gas and water in rock reservoir. Accurate knowledge about permeability is an effective
and suitable tool for petroleum engineers for production and management of oil field. There are
two direct and indirect methods for determination of reservoir rock permeability. Direct methods
are coring and well testing that both of them take more time and cost. Indirect methods for
evaluation of permeability are used well logs by experimental formulas and neural networks as
new methods.experimental formulas are so complicated therefor they are not correct.

Purpose of this study is use of intelligent systems for determination of permeability, in Sarkhun
gas field from available data (well logs and core data). In this work after study of theory
principals about permeability, well logs and intelligent systems, horizontal and vertical
permeability of Jahrum formation in three wells of Sarkhun gas field were determined by three
neural networks called, Early Stopping (ES) back propagation network, Regularization back
propagation network and General regression neural network (GRNN), fuzzy system, neuro-
fuzzy adaptive network.

As results showed, correlation between predict data and core data for two series training and test
data in Early Stopping Method are 0.913 , 0.894 , respectively. In regularization Method are
0.979 , 0.886, in General regression Network are 0.91, 0.896, in fuzzy system is 0.919, 0.906
and in neuro-fuzzy adaptive are 0.927 and 0.909.also results show that all methods can predict
permeability values in whole of understudy reservoir and neuro-fuzzy adaptive network is better
than other methods. For better permeability prediction committee machine with averaging
method was used. This method lead to correlation coefficient increase to 0.93 in test step.

Keywords:

permeability, intelligent systems, neural network, fuzzy system, neuro-fuzzy adaptive network ,
committee machine
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