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Abstract. The application of Tagucht Robust Design Techmque (TRDT) coupled with the Boundary
Element Method (BEM) n analyzing the productivity performance of an o1l reservoir is presented i this
paper Several reservoir rock and reservorr fluid properties, 1€ permeability, thickness, porosity and
viscosity, were chosen in this study The BEM allows the overall simulation of reservotr performance to
be made, whereas the used of TRDT allows us to rank the most influencing factor (property) that affects
the productivity performance of the reservoir Numerical values obtained from the BEM analysis will be
used as put data for the TRDT statistical analysis Results indicated that o1l viscosity is the most
important factor that affects the productivity performance of the oil reservorr followed by the thickness of
the pay zone, the rock permeability and the rock porosity Results of this study can be used by reservorr
engineer 1n making the right choice of Enhance O1l Recovery techniques that 1s the most surtable for the
reservoir

Taguchi Method

In this study, Taguchi Robust Design Technique (TRDT) was used to rank factors that may effect the
productivity of o1t reservoir. The use of Taguchi orthogonal array helps to determine the minimum
number of simulation runs needed to produce the most favourable output for a given set of factors. These
factors are rock permeability, reservoir ol viscosity, thickness of net pay and reservoir rock porosity The
comparison between full factorial design and Taguchi design 1s shown in Table 1 The orthogonal array
L, was used to study the influence of these four factors Each factor was considered at three levels The
factors involved and their levels are shown m Table 2 If full factorial experimental design were used. 1t
would require 81 (3*) trials runs for all possible combinations of these factors to get the optimum result
[1] By using the Taguchi orthogonal array Lg for expenimental design, the number of trials runs was
reduced to 9 simple and effective experiments



Factors Level Total number of experiments
Factorial design Taguchi design
2 2 4(29) 4
3 2 8 (2% 4
4 2 16 (29 8
7 2 128 (27 8
15 2 32,768 (2") 16
4 3 81 (3% 9
Table 1 : Comparisons of factorial design and Taguchi design
Column Factors Level Number
1 2 3
1 Permeabulity (md) 50 100 150
2 Viscosity (cp) 05 1 1.5
3 Thickness (feet) 10 20 30
4 Porosity (fraction) 015 030 0.45

Table 3 illustrates the orthogonal array Lo [1] Since there were four of three levels factors, these
factors were assigned to all four columns 1n the Ly array For example in trial number 1, the value for rock
permeability, ol viscosity, net pay thickness and rock porosity 1s 50 md, 0 5 cp, 10 feet and 0 15 (15%)
respectively For trial number 2, the value for permeability, viscosity, thickness and porosity 15 50 md, 1.0
cp, 20 feet and 03 (30%) respectively Nine trials simuiation runs usmng the Boundary Element Oil
Reservoir Simulation software with particular combination of factors levels n the array were carried out

[2,3,4]

Table 2 : Design factors and their levels for orthogonal experiment

Trial Number

Column Number

1 2 3 4
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 N 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

Table 3 : Lo (3*) Orthogonal Array [1]




Results and Discussion

The results of the nine trial conditions are shown in Table 4 These simulation results ts for the case of the
following circular o1l reservoir with single production well having the followng properties

Area=3142 x 10° feet’ = 7,212 acre (reservoir area),
rw = 0.25 feet (well-bore radius),

p =62 4 Ib/t’ (reservorr fluid density),

pw =100 ps1 (well-bore pressure),

p.= 2,000 ps1 (external reservoir pressure) and
Scale=1 5,000

In the Taguchi analysis, there are three of quality characteristics with respect to the target design,
namely “smaller 1s better” and “bigger s better” [1] In this study, the high value of o1l production 1s
desirable, therefore the “bigger 1s better” quality characteristic was chosen

Trial Number Total Qil Production in barrel per day
(bbl/d)
1270 2

1270 2
1270 2

5080.9
38107

846 8
114320

1905 3
24504

Grand Average 3259 633
Table 4 : Simulation results

R QRN W] -

O

Different factors affect the wells productivities to different degrees. The relative effect of the
different factors can be obtained by the decomposition of total variation into tts appropriate components,
which 1s commonly called analysis of variance (ANOVA) ANOVA 1s also needed for estimating the
error variance The results of ANOVA are shown in Table 5 Data generated in Table 5 especially the
Sum of Squares, Variance and Percent were obtained from TRDT educational software, Qualitek-4 [5]

Column | Factors DOF | Sum of Squares | Variance F | Percent
1 Permeability (md) 2 23909295 85 11954647925 | - 26 392
2 Viscosity (cp) 2 33008700 598 16504350299 | - 36 436
3 Thickness (feet) 2 26480181 115 13240090 557 | - 29229
4 Porosity (fraction) 2 7194457 734 3597228 867 - 7941
All others/error 0 0 0
Total 8 90592640.958 100.00 %

Table 5 : ANOVA table



The review of the ‘Percent’ column in Table S showed that the o1l viscosity factor contributed the
highest percentage (36 4%) to the factor effects, followed by the net pay thickness (29 2%), rock
permeability (26 4%) and rock porosity (7 9%) Since the contribution of rock porosity was the smallest
and less than 10% therefore it was considered insignificant Thus, this factor was pooled (combined) with
the error term This process of disregarding the contribution of a selected factor and subsequently
adjusting the contribution of the other factor 1s known as pooling The new ANOVA after pooling 1s
shown n Table 6. It was observed that as the smallest factor effect (porosity) was pooled, the percentage
contributions of the remaining factors decreased slightly, but the ranking of factor effects still remained
the same In estimating the performance at optimum condition, only the significant factors were used An
examination of the average effects as shown i Table 7 indicates that level 1 of viscosity and level 3 of
both permeability and thickness factors will be included n the optimum condition (after excluding the
porosity factor) This is due to the highest value of average effects for each factor With this levels
combination, one should get the total o1l production as 11,432 bbl/d

Column Factors DOF Sum of Variance F Percent
Squares
1 Permeability (md) 2 23909205 85 | 11954647 925 3323 18 45
2 Viscosity (cp) 2 33008700 598 | 16504350299 4588 28 494
3 Thickness (feet) 2 26480181 115 | 13240090 557 368 21288
4 Porosity (fraction) | (2) | (7194457 734) POOLED
All others/Error 2 7194463 392 | 3597231 696 31 768
Total 8 31.19 100.00 %
Table 6 : Pooled ANOVA table
Column Factors Level Number
1 2 3
1 Permeability (md) 1270 199 3246 133 5262 566
2 Viscosity (cp) 5927 699 2328.733 1522.466
3 Thickness (feet) 1340 766 2933 833 5504 3
4 Porosity (fraction) 2510 433 4516 333 2752 133

Table 7 : The Average Effects of Factor for Each Level

Most data generated in Table 6 and Table 7 especially were obtained from TRDT educational
software, Qualitek-4 [5]

Conclusions

Among four factors considered m this study, reservoir oil viscosity found to be the most influenced factor
in producing o1t from the reservoir It’s followed by the net pay thickness, rock permeability and rock
porosity Designing an Enhance Ol Recovery technique that can improve the o1l viscosity such as steam
flooding would be a good 1dea in order to improve the productivity of the reservorr

Further analysis shows that (by keeping the viscosity, thickness and permeability at their
optimum levels), regardless of any rock porosity value use in the simulation runs, the o1l productivity
values are still the same This proves that porosity has very small contribution towards the productivity of
the reservorr
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