
    
      Fig. 1 
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        Workflow of the planned scheme.

      

    

  
    
      Table 1 

      Intensity and explanation for comparing criteria in a matrix of pairwise comparisons [34].

      
        
          
            
              	Intensity of importance
              	Definition
            

          
          
            
              	1
              	Equal importance
            

            
              	3
              	Moderate importance
            

            
              	5
              	Strong importance
            

            
              	7
              	Very strong importance
            

            
              	9
              	Extreme importance
            

          
        

      

    

  
    
      Table 2 

      Random consistency indices (RI) for n criteria [34].

      
        
          
            
              	
                n
              
              	RI
              	
                n
              
              	RI
              	
                n
              
              	RI
              	
                n
              
              	RI
              	
                n
              
              	RI
            

          
          
            
              	1
              	0
              	4
              	0.89
              	7
              	1.35
              	10
              	1.49
              	13
              	1.56
            

            
              	2
              	0
              	5
              	1.11
              	8
              	1.4
              	11
              	1.51
              	14
              	1.57
            

            
              	3
              	0.52
              	6
              	1.25
              	9
              	1.45
              	12
              	1.54
              	15
              	1.58
            

          
        

      

    

  
    
      Fig. 2 
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        The variogram model of porosity values.

      

    

  
    
      Fig. 3 
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        Determining pilot size by sensitivity analysis.

      

    

  
    
      Fig. 5 
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        Determining the optimal number of clusters with cluster validity indexes.

      

    

  
    
      Fig. 6 
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        Clustering result using the color-coding graph for the RF arrays.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Clustering result using the color-coding graph for the COV arrays.

      

    

  
    
      Table 4 

      Ranking of candidate areas numbers 8, 45, 34 and 29 for different weight criteria scenarios.

      
        
          
            
              	Candidate area number
              	Candidate areas ranking by scenarios

            

            
              	S-1
              	S-2
              	S-3
              	S-4
              	S-5
              	S-6
              	S-7
              	S-8
            

          
          
            
              	8
              	1
              	1
              	1
              	1
              	24
              	2
              	24
              	2
            

            
              	45
              	2
              	4
              	32
              	14
              	3
              	1
              	19
              	3
            

            
              	26
              	3
              	6
              	9
              	40
              	14
              	10
              	31
              	5
            

            
              	34
              	4
              	3
              	2
              	2
              	28
              	4
              	1
              	16
            

          
        

      

    

  
    
      Fig. A1 
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        Permeability ranges of the most represented patterns of one of the reservoirs and the associated pie chart showing their areal distribution on the field [14].

      

    

  
    
      Fig. A3 
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        Qualitative ranking of the selection criteria in each area [16].

      

    

  
    
      Fig. A4 
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        Segmentation of the reservoir with allocated area numbers.

      

    

  
    
      Fig. A5 
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        Remaining oil volume maps at (a) beginning, (b) 10, (c) 20, and d) 30 years after waterflooding for the 15th layer of the reservoir.

      

    

  
    
      Fig. A6 
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        The distribution map of the clusters in the field based on: (a) RF arrays. (b) COV arrays.

      

    

  
    
      Fig. A7 
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        Values of RSI (blue) and POI (red) in each candidate area.

      

    

  
    
      Fig. A8 
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        Contour maps of the: (a) RSI and (b) POI values.

      

    

  
    
      Fig. A9 
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        (a) Number of candidate regions. (b) Ranking of each region derived from RSI. (c) Ranking of each region derived from POI.

      

    

  
    
      Table B1 

      Data for determining pilot size.

      
        
          
            
              	1
              	Price of oil ($/BBL)
              	55
            

            
              	2
              	Discount rate (%)
              	10
            

            
              	3
              	Cost of drilling (MM$/per well)
              	12 
            

            
              	4
              	Cost of water injection ($/BBL)
              	5 
            

            
              	5
              	Cost of oil production ($/BBL)
              	1 
            

            
              	6
              	Cost of handling produced water ($/BBL)
              	2 
            

            
              	7
              	Cost of surface facilities (MM$)
              	300
            

            
              	8
              	Field Production rate (MMBBLD) 
              	110
            

            
              	9
              	Voidage replacement ratio
              	1
            

            
              	10
              	Maximum water cut (%)
              	50
            

          
        

      

    

  
    
      Table B2 

      Clustering outcomes for recovery factor arrays.

      
        
          
            
              	
              	Size of cluster 
              	Average membership degree
              	Matrix of Euclidean distance 

            

            
              	Cluster 1
              	Cluster 2
              	Cluster 3
              	Cluster 4
              	Cluster 5
            

          
          
            
              	Cluster 1
              	5
              	0.99
              	0
              	
              	
              	
              	
            

            
              	Cluster 2
              	14
              	0.95
              	52.25
              	0
              	
              	
              	
            

            
              	Cluster 3
              	12
              	0.94
              	40.57
              	39.83
              	0
              	
              	
            

            
              	Cluster 4
              	11
              	0.98
              	43.32
              	41.75
              	57.01
              	0
              	
            

            
              	Cluster 5
              	24
              	0.97
              	60.46
              	33.09
              	41.51
              	48.26
              	0
            

          
        

      

    

  
    
      Table B3 

      Clustering outcomes for covariance arrays.

      
        
          
            
              	
              	Size of cluster
              	Average membership degree
              	Matrix of Euclidean distance 

            

            
              	Cluster 1
              	Cluster 2
            

          
          
            
              	Cluster 1
              	14
              	0.94
              	0
              	
            

            
              	Cluster 2
              	52
              	0.98
              	426.99
              	0
            

          
        

      

    

  
    
      Table B6 

      Scenarios with different criteria weights.

      
        
          
            
              	Scenarios
              	Criterion weight

            

            
              	A
              	B
              	C
              	D
              	E
              	F
              	G
            

          
          
            
              	S-1) base case
              	0.33
              	0.145
              	0.145
              	0.055
              	0.055
              	0.09
              	0.18
            

            
              	S-2) increasing of criterion (A)
              	0.53
              	0.10
              	0.10
              	0.04
              	0.04
              	0.06
              	0.13
            

            
              	S-3) increasing of criterion (B)
              	0.25
              	0.345
              	0.11
              	0.04
              	0.04
              	0.07
              	0.14
            

            
              	S-4) increasing of criterion (C)
              	0.25
              	0.11
              	0.345
              	0.04
              	0.04
              	0.07
              	0.14
            

            
              	S-5) increasing of criterion (D)
              	0.26
              	0.11
              	0.11
              	0.255
              	0.04
              	0.07
              	0.14
            

            
              	S-6) increasing of criterion (E)
              	0.26
              	0.11
              	0.11
              	0.04
              	0.255
              	0.07
              	0.14
            

            
              	S-7) increasing of criterion (F)
              	0.26
              	0.11
              	0.11
              	0.04
              	0.04
              	0.29
              	0.14
            

            
              	S-8) increasing of criterion (G)
              	0.25
              	0.11
              	0.11
              	0.04
              	0.04
              	0.07
              	0.38
            

          
        

      

    

  OEBPS/ogst210013-fig9_small.jpg





OEBPS/ogst210013-eq29.gif





OEBPS/ogst210013-fig14_small.jpg





OEBPS/ogst210013-eq28.gif





OEBPS/ogst210013-eq23.gif
inter,, (d;) = (14,,/\ u,k) v (14,, A u,k).





OEBPS/ogst210013-eq22.gif
intray(dx) = (g J\ we),





OEBPS/ogst210013-eq25.gif
1
* ARFarmay, RF — conter)
[
T(COV artay. COV —centen)”

RSI = w; +w





OEBPS/ogst210013-eq24.gif





OEBPS/ogst210013-eq21.gif
nter, (/. k)d

S Yinten,(ih) >0.1<r<s<c}.
3 inter,,(j, k) .
Fa





OEBPS/ogst210013-eq20.gif
3 intra,(j,K)d s

4, = min ntra(jk) > 0,1 <i<ey.

S inter, (k)
P









OEBPS/ogst210013-eq38.gif





OEBPS/ogst210013-eq37.gif





OEBPS/ogst210013-eq33.gif
_ud

CR





OEBPS/ogst210013-eq36.gif
Yuwn

Yorwy

Yy WL

YWy o
P

Yyo W

Yin-Wn

YouWn

Yy Wn





OEBPS/ogst210013-eq35.gif
(s[4, B,[C.D]) =






OEBPS/ogst210013-eq32.gif





OEBPS/ogst210013-eq31.gif
Wi

way

Wiz

Way eee

Wi

W g

.





OEBPS/ogst210013-fig15_small.jpg





OEBPS/ogst210013-fig6_small.jpg





OEBPS/ogst210013-eq8.gif
RE(, 5, k) = [V, (4.3, k 1) = Voling, ki 2.)
AN AN






OEBPS/ogst210013-eq9.gif





OEBPS/ogst210013-eq4.gif
e





OEBPS/ogst210013-eq5.gif





OEBPS/ogst210013-eq6.gif
it





OEBPS/ogst210013-fig5_small.jpg





OEBPS/ogst210013-eq1.gif
7
NPV(r, 1) = R(0) + [ [P0 as0) = €2 g0 = €

% g"(t) — Co % go(t))(1 +r)~"dt,





OEBPS/ogst210013-fig2_small.jpg





OEBPS/ogst210013-eq3.gif
crrd





OEBPS/ogst210013-fig13_small.jpg





OEBPS/ogst210013-fig8_small.jpg





OEBPS/ogst210013-fig1.jpg
o N Daoecarunir Y
\\ Pilot candidate areas N \\ Reservoir N \ The pilot opportunity N
> representativeness >
/ Determination 7 X . 7 7/ index calculation Vi
b ¢ _ _indexcaleulation_ Pa -

. |

1
i Calculation of remaining oil
. ; Identify screening criteria's for
volume covariance matrix and |i pilot area selection
|

>

Segmentation hydrocarbon
field within five spot pattern

-/

I\RF array in each candidate area

injection-production wells candidate areas

Obtaining optimal distance of Fuzzy clustering of pilot
Analytical Hierarchy Process

[ Criteria’s Weighting using ]

Determine the optimal

number of clusters calculation Using RIM for

number of candidate areas X
candidate areas

— Y

Determine the size and }

[ The pilot opportunity index ]

Shannon Entropy

Calculation of reservoir
representativeness index for
each candidate area

|
| |
[ Criteria’s Weighting using ]
| }






OEBPS/ogst210013-fig2.jpg
Variogram

1.80

1.35

0.90

0.45

0.00

0.0

0.5

1.0 1.5
Lag Distance (h)

2.0

2.5

x 103





OEBPS/ogst210013-fig3.jpg
NPV(MMMS)

1.2

W

W\ 11
\
1.0

[N
w

.\. N
\.
~— 0.9

[
N

w 0.8

11
700 800

900 1000

Distance between Well (m)

—— Net Present Value (NPV)

— - Cumulative oil production (Np)

Np (MMMBBL)





OEBPS/ogst210013-fig6.jpg


OEBPS/ogst210013-fig7.jpg
Principal Component 2

100

50

-100 -50

-150

o o
o. ° .
)
e . o
+? o *
oy ® ° ° %
[ N ®
b,
° &
®
%W
Se °
°
N )
g ® cluster_1
[ ] ¢ cluster_2
I I I T T I I
-50 0 50 100 150 200 250

Principal Component 1
Explained variance by these two components: 20.73%






OEBPS/ogst210013-fig8.jpg
Pattern |Permeability (md) |Layer 1|Layer 2 |Layer 3 |Layer 4
1 | [ |

10
100
1000
il
10
100
1000
1
10
100

v






OEBPS/dash.png





OEBPS/ogst210013-fig12_small.jpg





OEBPS/ogst210013-fig4_small.jpg





OEBPS/ogst210013-eq19.gif
1% mind’

i

i





OEBPS/ogst210013-fig3_small.jpg





OEBPS/ogst210013-eq16.gif





OEBPS/ogst210013-fig10.jpg
Property
Description

P Cum Water | Cum P Distance between
Remaining O/l e o S Injectivity e Sweep
H
1
L H
L 1
H
H H :
. L L
H L 1
H 7 7
H L H
7
A 7 H
L L NONE
1 5
1 A
m TONE
-I L
M
1 1
H-High cum il Produclon R )
H>100 MMSTB e H>40% | H-High Injectivity | H>1000 meter | H- High Sweep
M:8040 [ M Medium Cum il Producion, ) M- Medium ) M -Medium
MMSTB Water Injection M2040%| " pjectivity e e Sweep.
(Eiopuwsiey | - Cm O Product H<20% | L-Lowlnjectivity | L<500meter | L-Low Sweep

m Water In]ecnon






OEBPS/ogst210013-eq15.gif





OEBPS/ogst210013-fig12.jpg
e
R T
. 5
Vi 0%&'0% :
b iy
R-TEn g
11 "'.'""1;' 250000
N .'I4
-
200000
150000
100000

(a) (b) (c) (d)

Remaining oil volume (m3)





OEBPS/ogst210013-fig11.jpg





OEBPS/ogst210013-fig14.jpg
Locator_71
Locator_70
Locator_69
Locator_68
Locator_67
Locator_66
Locator_65
Locator_64
Locator_63
Locator_62
Locator_61
Locator_60
Locator_59
Locator_58
Locator_57
Locator_56
Locator_54
Locator_
Locator_
Locator_
Locator_!
Locator_
Locator_4 !
Locator_4
Locator_46
Locator_45
Locator_44
Locator_4
Locator_4
Locator_4 -
Locator_4 pr—
Locator_: .
Locator_3 r
Locator__
Locator_36
Locator_35
Locator_34
Locator_33
Locator_32
Locator_31
Locator_30
Locator_29
Locator_28
Locator_27
Locator_26 p—
Locator_25 p—
Locator_24 "
Locator_23
Locator_22 -
Locator_21 F—
Locator_20 P—
Locator_19 pr—
Locator_14 p—
Locator_13
Locator_12
Locator_11
Locator_10
Locator_9
Locator_8
Locator_7
Locator_6
Locator_5
Locator_4 "
Locator_3
Locator_2
Locator_1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

M Pilot Opportunity Index  m Reservoir Similarity Index






OEBPS/ogst210013-eq14.gif
(Vil<i<e) and (0<u;<1) and

(v];15]5n:zu,:1),





OEBPS/ogst210013-fig16.jpg
51

3 |27 |64

)
—
o~
=<
o

23 (35|41 |54

1432 |38 |65
43(39|34|63
53 8 |40 |66

13| 5 |37 | 62

49 (45| 2 | 59

36 (202461

22 (15|19 |58

16|26 | 7 |55
46 (30| 11

29 (3310 |31

150~

4 | 25|47
18 |42 | 57

200-

14| 52

10| 57

6

il

382229.

27|37 (19|51

16|50 | 32 [ 65
46 | 40 [ 41 | 64

4333 (49|59

48 |12 8 |60

23|28( 7 |63

44 1 42 120 | 61

36 (35|24 |62

17

4 126(21 |53

39(9

31(25| 15|56

150~

18| 5 [ 54

47 113

200-

1 (19|37 .
2 (20|38 |56
3 (21|39 |57

4122|4058

7 |25|43 |61

8 |26 |44 |62
9 (27 |45|63
10|28 | 46 | 64
11|29 | 47 [ 65
12|30 | 48 [ 66
13|31 |49 (67

1432 |50 [ 68

0~

150~

33 (51|69

34 (52|70
35 (53|71
36 | 54

200-






OEBPS/ogst210013-fig15.jpg





OEBPS/ogst210013-fig11_small.jpg





OEBPS/ogst210013-eq10.gif
COV(Voungi, Vocaigt)  COV(Voearz, Vownge) -+ COV(Vougr, Vorange )

COV(Vous; Vocast) - COV(Vorassa, Voursa) -+ COV(Vownsa, Voraise)
cov = ’

COV(Voeaice, Vounz1) COV(Vounse, Vognes) - -+ COV(Voease, Vorase )





