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Abstract

The new method to evaluate the contribution of the related factors to the oil recovery is proposed by using the desirability
model. The related factors are re-scaled and combined to be a single parameter in order to correlate with an indicator of oil
recovery. The correlated result could be able to predict a trend of the factors and oil recovery as an empirical approach if a
good correlation is achieved. Three published works of the coreflooding experiments are examined the effectivenesses and
limitations of the proposed model. The analysed plots of desirability and the oil recovery imply an insight into the oil recov-
ery mechanisms by indicating the dominant factors. The results meet a good agreement with the published works. Although
the dominant factors are indicated and the correlation trend is able to be determined, the accuracy of the proposed method
needs a high number of data sets to increase the statistical reliability.

Keywords Reservoir engineering - Oil production - Enhanced oil recovery - Desirability function - Rock and fluid

properties

Introduction

Generally, a number of related properties both petroleum
fluids and reservoir rock influence or contribute to the oil
recovery and its production. These related properties or the
oil recovery factors are hardly able to indicate that which
of them is relatively the main contributor to recover the oil.
For example, the oil-aqueous interfacial tension (IFT) and
the contact angle (¢) are the main factors used widely to
describe the oil recovery mechanism despite they are physi-
cally related. The contact angle (6) is theoretically governed
by surface energies of three interfaces or so-called the
interfacial tensions according to Young’s equation (Young
1805). Hence, the IFTs and the contact angle (8) are not
independent to each other or to the oil recovery, leading to
the question that which factor is really the main contributor
to recover the oil and how to distinguish such the related
factors.

Having a number of considering factors could bring a
problem of vague conclusion in the oil recovery study or it
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could be even a misconclusion about the considering fac-
tors. This mistake would result in an ineffective oil produc-
tion due to its wrong design. For example, the nanofluids
of polymer-coated was used in the coreflooding experiment
to evaluate the recovery mechanism studied by Choi et al.
(2017). The study only reported the oil-aqueous IFT and
fluids viscosity as the properties related to the coreflood-
ing test without the surface wettability measurement (e.g.
contact angle). However, the authors concluded that the wet-
tability alteration was a mechanism to enhance oil recovery
highlighting the nanofluids as the potential injection agent.
In this case, the governing mechanism would possibly be
the decrease in the mobility ratio (oil to water viscosity)
rather than the change in the oil-aqueous IFT because the
oil-aqueous IFT showed a negative impact on the oil recov-
ery (i.e. the oil-aqueous IFT increased as the nanofluids were
added). Thus, the method to separate the contribution of
each factor is needed to emphasise the fundamental insight
into the study of oil recovery.

Recently, Nikolaev et al. (2017) introduced to use the
desirability function to evaluate the effectiveness of four
industrial solvents for enhanced oil recovery (EOR). By
combining two quantities of the IFT and residual (trapped)
oil into one quantity, the authors can obtain the most poten-
tial solvents to recover the oil. Although the desirability
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function is widely used in various disciplines (e.g. engineer-
ing, pharmaceutical, food science and process, etc.), it have
not been well documented and applied in petroleum engi-
neering (e.g. the oil recovery) and it has not been reported
yet to separate the contribution of the related factors to
determine the dominant one.

Unlike Nikolaev et al. (2017), the desirability function
is proposed in this paper to integrate the effecting factors
and also separate the factors’ contribution. The aim is to
evaluate the factors’ effectiveness leading to understand the
insight into the fundamental of the oil recovery mechanism.
The application of the proposed method is able to consider
other quantity (e.g. permeability decline) rather than the oil
recover.

The desirability model and analysis method are presented
in the next section including some specific terminology with
details. The proposed model is applied to three published
works to demonstrate its use with the details of the calcula-
tions. The effectiveness and limitation of the model are then
discussed followed by the conclusion.

Desirability model
Terminology

The oil productivity could be assessed by a number of quan-
tities, such as the volume of oil recovery, recovery factor,
reservoir pressure drop, permeability decline, etc. These
quantities are typically used to evaluate the oil recovery
techniques and hence the best technique is subsequently rec-
ommended to apply in the field production. These assessing
parameters, so-called “indicators” hereafter, are normally
affected by a number of related factors. The “factors” could
be collectively allocated based on either theoretical equa-
tions or reported studies. For example, on the study of oil
flow in the reservoir, the flow of oil phase (g,) as an indica-
tor depends on relative permeability of oil phase (k,,), flow
sectional area (A), pressure drop (AP), oil viscosity (u,) and
reservoir distance (L) according to Darcy’s law;

_ k, AAP

4= (1)

In this example, all the factors [consisting of relative perme-
ability of oil phase (k,,), flow sectional area (A), pressure
drop (AP), oil viscosity (4,) and reservoir distance (L)] are
assigned as the affecting factors to the oil flow (an assessing
indicator).

Affecting factor can be classified into two types accord-
ing to its desirability on the assessing indicator. The fac-
tor resulting in favour for the indicator (i.e. promoting the
indicator) is defined as the desirable factor. On the other
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hand, the factor resulting in unfavour for the indicator (i.e.
eradicating the indicator) is defined as the undesirable fac-
tor. According to the example, the higher the relative perme-
ability of oil phase (k,,), the higher the oil flow (g,). Thus,
the relative permeability of oil phase (k,,) is defined as a
desirable factor to the oil flow (gq,). Besides, the higher the
oil viscosity (y,), the lower the oil flow (gq,). Then, the oil
viscosity (u,) is defined as an undesirable factor to the oil
flow (g,)-

Desirability function

The desirability is the summation of all considering factors
or criterions (either desirable factor or undesirable factor) to
be a single factor. This single combined factor is called the
desirability (D) and expressed:

. (Hdz)n = {/d\d; 4, @
i=1

where d; is the desirability function of the factor i (individual
desirability) and 7 is the quantity of the affecting factors that
are considered to affect the indicator.
The Harrington’s function (Harrington 1965) is proposed
to use as a desirability function (see Fig. 1);
d: = e 3
where X; is the factor fraction depending on its desirability:
for desirable factor,

S-S
xP=t =0
PS5 T8, @

and for undesirable factor,

Factor fraction (X)

Fig. 1 The Harrington’s function used as a desirability function (d)
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Here S, is factor value, S is lower limit value of the satisfied
interval and S, is upper limit value of the satisfied interval.
The definition of S, S; and the satisfied interval are dis-
cussed in the next section.

Desirability scale

The relation between the desirability function (d;) and the
factor fraction (X;) is divided sectionally as the desirabil-
ity scale, see Fig. 1. The scale of desirability emphasises
a relationship between the affecting factor via factor frac-
tion (X;) and the desirability function by the intervals of the
desirable degree. The desirable degrees can be consecutively
divided as excellent, good, satisfied, bad and worst degrees.
In Fig. 1, the desirable degrees are assigned to the intervals
with its fraction on the scale (e.g. 0.40-0.60 for the satisfied
interval).

The satisfied interval is the middle interval having the
lower and upper limit values (S, and §,, respectively) as
defined in Egs. (4) and (5). Each affecting factor either desir-
able or undesirable needs to be assigned its value range rea-
sonably according to its typical quantity or conventional
magnitude of the particular study. The assigned value range
of the factor allows the lower and the upper limit values (S,
and ) can be calculated.

Model application to experiments
and discussions

The desirability model is demonstrated in this section to
analyse the mechanistic coreflooding experiments published
in the literature. The analysis shows the relationship between
the desirability of related factors and the indicator of the oil
recovery. Both individual desirability and combined desir-
ability are used to indicate the domination of each effecting
factor on the oil recovery (i.e. the dominant factor on the

indicator). The result could be extended to predict a trend of
the factors-and-indicator relation potentially if a good cor-
relation is achieved.

The selected published works are examined the proposed
model consisting of three coreflooding tests: Almansour et al.
(2017) studied the polymer-low salinity injection in sandstone
cores; Jeirani et al. (2013) reported 160 flooding data of sand-
pack as a function of the oil-water IFT; Zhou et al. (2000)
conducted the systematic waterflooding in sandstones varying
wettability, initial water saturation and permeability.

Almansour et al. (2017)

Almansour et al. (2017) conducted the fluid injection
in sandstone cores (Berea and Bentheimer) whereas the
polymer-augmented low salinity was introduced to use as
a potential candidate fluid to enhance oil recovery. The
cores permeability ranges 78—156 mD and porosity ranges
20.1-22.9%. The study used two fluids consisting of seawa-
ter and low salinity water.

Three affecting factors are chosen to evaluate its effec-
tiveness on the oil recovery in form of the percentage of the
original-oil-in-place (%OOIP). The oil-aqueous IFT repre-
sents the interfacial responsiveness at the two immiscible
phases of oil and the injection fluid. Aqueous contact angle
(0) represents the rock surface preference to be wetted by
the fluid, so-called surface wettability. Fluid viscosity (u)
referred to flow mobility in the system (the mobility is the
water viscosity to the oil viscosity ratio). These three fac-
tors are typically discussed in the EOR studies because they
are known to associate in the EOR mechanisms (Anderson
1987; Hu et al. 2017; Jamaloei 2015; Jeirani et al. 2013;
Jiang et al. 2016; Mason et al. 2010).

Table 1 shows the values of the affecting factors with its
%OOIP from the coreflooding tests. The lowest and highest
values of each affecting factor are assigned here to be the
value range of that factor, and then it allows the lower and
the upper limit values of the satisfied interval (S, and ;) to
be calculated, see “Calculation of the lower and the upper
limit values of the satisfied interval (S, and S,;)” Appendix
section. Since the oil-aqueous IFT and fluid viscosity (u)
are desirable factors which promote the oil recovery, their

Table 1 Evaluation of affecting factors (IFT, aqueous contact angle and oil viscosity) with its individual desirability (dipr, dy and d,) and com-
bined desirability (D) for each fluid from the experiment of Almansour et al. (2017)

Core Fluid Affecting factor Individual desirability (d) Desirability (D)  Indicator
(%0O0IP)
IFT (mN/m) 6 (°) u(cP)  dipr dy du
Benthimer  Seawater 53.0 70.1 0.73 9.51 x 107! 6.94 x 107! 9.51 x 107! 8.57 x 107! 92.6
Low salinity ~ 44.4 65.1  0.64 6.18x 107  873x 107!  6.18x10™*  6.94x 1073 90.3
Berea Seawater 53.0 90.3  0.73 951x 107" 1.89x10° 951x 107" 120x1073 57.0
Low salinity ~ 44.4 754  0.64 6.18x107*  352x 107" 6.18x10™* 5.12x1073 67.0
&ﬁ#ﬁﬁﬁ @ Springer
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factor fractions are calculated according to Eq. (4). Unlike,
the aqueous contact angle (6) is an undesirable factor leading
to use Eq. (5) because the higher oil recovery requires higher
aqueous-wetted surface (lower aqueous contact angle). The
calculation of factor fractions (X;) is shown in “Calculation
of factor fractions (X;)” Appendix section. Consequently,
Harrington’s desirability function is calculated according
to Eq. (3) for each factor. The individual desirabilities (d;)
of each factor are combined as expressed in Eq. (2) obtain-
ing the desirability (D) and then the desirability (D) is used
to correlate with %OOIP to assess the affecting factors.
The individual and combined desirabilities (d; and D) are
reported in Table 1 and its calculations are also shown in
“Calculation of individual and combined desirability (d; and
D)” Appendix section.

Interestingly, only the individual desirability of aqueous
contact angle (dy) factor is able to imply the relationship
with the oil recovery, shown in Fig. 2b. Such a positive or
favourable trend to the indicator of the factor suggests that
the contact angle (d) might play a dominant role to recover
the oil in the coreflooding experiments rather than other fac-
tors (IFT and fluid viscosity) which do not have such rela-
tionship at all (Fig. 2a and c).

Once all three individual desirabilities are combined, the
oil recovery as an indicator is clearly correlated to the desir-
ability (D) shown in Fig. 3 with nonlinear curve relationship.
The correlation implies that the oil recovery is affected by
all three factors (IFT, 6 and u) through the integrated desir-
ability function. The relationship pronounces as a direct
proportion. The higher the desirability (D), the higher the
oil recovery. It is noted that the R? of the fitting is not too
high (R? = 0.7212) because the curve is fitted from only 4
data. If a number of the data are massively collected, the fit-
ting would be more obvious and the correlation would have
greater reliability.

Additionally, the study is extended to investigate further
on the individual factors. By separating one of the three fac-
tors from the combined desirability (D), the only two duo-
desirabilities containing the aqueous contact angle factor
(d, o and dypr ) are found linear relationship with the oil
recovery, Fig. 4a and c. While the duo-desirability with-
out contact angle factor (djgr,,) does not imply to any rela-
tionship due to its lack of contact angle contribution. The
contact angle pronouncing dominantly on the oil recovery
agrees with the previous mention of Fig. 2b and was also
concluded in the referred experimental work (Almansour
et al. 2017) as the main recovery mechanism, so-called the
wettability alteration.

Jeirani et al. (2013)

Triglyceride microemulsion was formulated to alter the oil-
aqueous IFT and then the different values of IFT were used
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Fig.3 Desirability (D) combined from three affecting factors to the
oil recovery (%OOIP) as an assessing indicator. The line is nonlinear
curve fit with R* = 0.7212

to correlate with the oil recovery (in form of recovery fac-
tor). Four pore volumes of prepared microemulsion were
continuously flooded through the reconstructed sandpack to
achieve the tertiary oil recovery. 160 data sets of various oil-
aqueous IFTs and the recovery factor (RF) were successfully
correlated in the authors’ work (Jeirani et al. 2013).

In addition to Jeirani et al. (2013), the IFTs of all inter-
faces (i.e. oil-aqueous, aqueous-solid and oil-solid) are
calculated following the method used by (Pashley and
Israelachvili 1981). The surface contact angle is assumed to
be 80° which is categorised as an intermediate wet. To ana-
lyse the desirability, these three IFTs are the effecting factors
of the model while the recovery factor (RF) is the indicator.
The oil-aqueous and aqueous-solid IFTs are desirable fac-
tors whereas the oil-solid IFT is undesirable factor, then the
factor fractions (X;) are calculated according to Egs. (4) and
(5) respectively.

The lowest and the highest values of each affecting factor
are assigned to be the reported value range of each factor,
then the lower and the upper limit values of the satisfied
interval (S, and S,) can be calculated similarly to the previ-
ous example. Therefore, the Harrington’s desirability func-
tion (d,) is calculated according to Eq. (3) for each factor and
plotted against the recovery factor (RF) shown in Fig. 5. The
combined desirability (D) plotted in Fig. 6 is used to cor-
relate the recovery factor (RF) to assess the affecting factors.

Every individual desirability (d;) of all three effecting fac-
tors is correlated perfectly by the logarithm function (Fig. 5).
The combined desirability (D) is also found a good loga-
rithm correlation with the recovery factor (RF). This agrees
to the conclusion by Jeirani et al. (2013) that the oil-aqueous
IFT correlates to the oil recovery factor. It should be noted

that the combined desirability (D) has slightly lower R? than
the individual desirability (d;) although it is higher than 0.9
indicating a very good fitting. The reason could be explained
that the summation of individual desirability (d;) makes the
combined desirability (D) dispersed or scattered because
the individual desirability (d;) is calculated from different
value ranges. In addition, this example demonstrates that
the desirability model is clearly able to predict the trend or
indicate the relationship of the IFTs and the recovery factor
(i.e. the oil recovery).

Zhou et al. (2000)

Zhou et al. (2000) measured the oil recovery from sand-
stones by spontaneous imbibition and waterflooding and
studied the relationship between oil recovery and various
wettability parameters (i.e. aqueous contact angle, Amott
index and work of imbibition). The work also reported other
rock properties of the core sample (i.e. permeability and
water saturation) which are analysed in addition to the wet-
tability parameters to examine the proposed model.

There are five effecting factors in this test including the
modified Amott index (/',), relative pseudowork of imbibi-
tion (Wp), cosine of aqueous contact angle (cos 8), gas and
brine permeabilities (k, and k) and initial water saturation
(Sy1)- The oil recovery (%OOIP) is the indicator similar to
the previous trails. Modified Amott index (I’,), relative pseu-
dowork of imbibition (W), cosine of aqueous contact angle
(cos#), gas and brine permeabilities (k, and k) are desirable
factors which promote the oil release from rock surface or
enhance the oil flow in the porous media. On the contrary,
initial water saturation (S,,;) is undesirable factor because
the higher the initial water saturation implies the lower the
initial oil saturation in the core. Equations (4) and (5) are
then used to calculate the factor fractions (X;) for the desir-
able and undesirable factors, respectively.

The value range of each factor is used as the lowest and
the highest values for each effecting factor allowing the
lower and the upper limit values of the satisfied interval
(S, and §,) calculated. Then, the desirability function (d;)
of every factor can be determined (Eq. 3). The relationship
between the individual desirability (d;) and the oil recovery
(%0O0IP) is shown in Fig. 7. The combined desirability (D)
is also plotted in Fig. 8 including the combined desirability
without k, k, and Sy; (D*).

The I, has a linear relationship to the oil recovery clearly
as shown in Fig. 7a. The recovery methods are also able to
distinguish the difference of the plots. For the waterflooding
(WF), the oil recovery is relatively high at low d; and slightly
decreases as the d; increases. For the spontaneous imbibi-
tion (SI) and waterflooding after spontaneous imbibition
(WF + SI), the data trend is coupled linearly and increases as
a function of %OOIP. Figure 7b, the Wy, has a fair correlation
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lines in a and c are linearly fitted with the same R> = 0.7454
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in form of curve. For WF, the %OOIP is higher at low d;
and decreases slightly at the higher d; before becomes con-
stant at about 0.4-0.5 d;. The %OOIP increases massively
at low d; in SI and WF + SI cases, and then the %OOIP is
constant suddenly from 0.2 d,. Similarly to cosf at Fig. 7c,
the cos@ has relatively the same relation with W; and the
difference of the recovery methods is exactly the same. On
the contrary, the kg and k;, have no relations with %OOIP at
all due to Fig. 7d. The reason might be since they are not the
wettability properties and actually refer to the flow ability
of the fluids in the porous media which do not relate to the
oil detachment from the surface or recovery from the rock.
In addition, the permeabilities reported in the experiment
have the same magnitude and about the same value but the
%OOIP strongly scatters, supporting that they are %OOIP
unrelated in this study. The recovery methods cannot dis-
tinguish or imply any of such relationship as well in case of
permeabilities. The plot also scatters in the Fig. 7e of S,;.
Although the %OOIP and d; relationship cannot be indi-
cated, the recovery methods could imply that the WF always
contributes higher %OOIP than SI and WF + SI methods in
case of the S;. However, the relationship of this effecting
factor cannot be confirmed.

Figure 8a shows the plot of combined desirability (D)
against the %OOIP revealing the form of its correlation
curve—%OOIP is low at low D and then stable shortly after
the %OO0IP changed. The recovery methods are crucial here.
The WF got the higher %OOIP while others have it lower.
The WF increases at the beginning of a short period of time
and then drops before stable while the ST and WF + SI
begin at relatively low %OOIP then increase before stable.
Interestingly, the plot is smoother and obtains more obvious
correlation when combined only some selected d; (called
D*-combined without k,, k, and S,;) shown in Fig. 8b. It
is noted that the D* only includes the wettability param-
eters which reasonably are the main factors affecting the oil
recovery. This summary agrees to the conclusion from the
original study by Zhou et al. (2000) that the oil recovery is
highly sensitive to the wettability.

Discussions on effectiveness and limitation
of the model

Since the proposed model analyses the experiment data
through the desirability function in order to re-scale the raw
data to be the same, the calculation and analysis do not use
any of the theoretical equations. This would bring the ana-
lysed results having some limitations although its advantages
are obvious. The followings are main advantageous effec-
tivenesses and some limitations of the model.

According to the examined cases, the method to evalu-
ate the effecting factors on the oil recovery by using the



Journal of Petroleum Exploration and Production Technology (2018) 8:1199-1208 1205

(a)

0.72 4
0.70 4

0.68

Indicator (RF)

0.66

R’ =0.9999
0.64 -

0.62 —1tr - r T 1T T 1T T " T 17
01 00 01 02 03 04 05 06 07 08 09 1.0
Desirability of IFT

0.70 4

0.68

Indicator (RF)

0.66

R’ =0.9999

0.64

0.62 —71r 1T 111 1 1 1 1 1.7
01 00 01 02 03 04 05 06 07 08 09 10
Desirability of IFT

0.70 4

0.68

Indicator (RF)

0.66

R? = 0.9999

0.64

0.62 —1tr 1 -1 r T T T T 1T 17
01 00 01 02 03 04 05 06 07 08 09 1.0
Desirability of IFT,,¢
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Fig.6 Desirability (D) combined from three affecting factors to the
recovery factor (RF) as an assessing indicator. The line is exponential
curve fit

desirability function has shown the ability to separate the
contribution of each factor to the oil recovery. The plot from
the analysis does not only indicate whether the factors do
contribute but also reveal that which factor contribute domi-
nantly to the oil recovery. Separation of the factor’s contribu-
tion is more worth when the considered factors are related to
each other, such as contact angle and IFT in Young’s equa-
tion, thus the actual effect on the oil recovery of every single
factor is able to be individually considered. Moreover, the
desirability plot could potentially construct a relationship
between factors and indicator if the perfect correlation is
achieved. The obtained correlation can be used as an empiri-
cal equation to predict the trend of results and also emphasis
the oil recovery mechanisms.

On the contrary, the model needs to know that each
effecting factor is desirable or undesirable to the indicator
(the oil recovery) before the data is analysed. This limita-
tion means that a good understanding or a solid knowledge
on the studied topic has to be available in order to state
the desirability of each factor. The desirability model will
only enhance further analyses and advance discussions but
not the preliminary works or fundamental determinations.
Other limitation is that the model needs a relatively high
number of the data sets for the reliable analysis. The pro-
posed method uses the data to obtain the statistical cor-
relation. A small number of data sets could result in a poor
correlation, subsequently leading to the wrong conclusion.
The previous cases of Almansour et al. (2017) and Jeirani
et al. (2013) works are the good examples. The former has
a relatively low number of data sets (4 data) having a low
R? correlation while the latter has a relatively high number
of data sets (160 data) leading to achieve an obvious fitting
with high R,
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Conclusion

The desirability function has been proposed to re-scale all
of related factors to the oil recovery (i.e. indicator) and con-
sequently combines all factors using the Harrington’s func-
tion. Then, the factors become only a single parameter that
correlates with the oil recovery. The model principally aims
to indicate the dominant factor affecting the oil recovery out
of all factors. The result could be able to predict a trend of
the factors-and-indicator if a good correlation is achieved.
Three published works of coreflooding tests were exam-
ined which showed a practical application. The first cor-
relation according to the experiment of Almansour et al.
(2017) implies that the oil recovery is affected by IFT, con-
tact angle and oil viscosity after the data has been analysed
using the combined desirability. By separating one of the
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KACST 3.015lq rogle Ll @ Springer

T T T T T T T T T T
-01 00 01 02 03 04 05 06 07 08 09 1.0

Desirability of S,

three factors, the contact angle was found to dominantly
govern the oil recovery which agrees with in the authors’
conclusion. A number of Jeirani et al. (2013) data sets have
also been demonstrated a good correlation between the fac-
tors and the oil recovery, allowing to predict the relation-
ship trend. The third study of Zhou et al. (2000) clearly
showed a good model application because the analysed
plots imply a similar conclusion of the authors’ original
work that the oil recovery is sensitive to the wettability.
Although the desirability model can separate the contribu-
tion of each factor and could potentially construct an empiri-
cal relationship, there are some limitations of the model use.
A good understanding or a solid knowledge on the studied
subject needs to be available because it is used to state the
effecting factors whether desirable or undesirable to the oil
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Fig. 8 Desirability combined from the affecting factors: a combined
desirability (D) of all effecting factors (I',, Wy, cosb, kg, k, and S,;)
and b combined desirability (D¥) of all effecting factors without gas
and brine permeabilities and initial water saturation (k,, k, and S,,;) to
the oil recovery (%OOIP) as an assessing indicator. The data are shown
in three set of recovery methods including waterflooding (WF: hallow
square), spontaneous imbibition (SI: solid circle) and waterflooding
after spontaneous imbibition completed (WF + SI: hallow circle)

recovery before the model is calculated. The need of a high
number of data sets to be analysed is the other main limitation.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

Appendix: Calculations of Almansour et al.s
case

Calculation of the lower and the upper limit values
of the satisfied interval (S, and S,)

Let the satisfied interval ranges between 0.40 and 0.60
according to Fig. 1. Then, the lower and upper limit values
of the satisfied interval (S, and S,) are:

Sy = [(maximum value of the factor—minimum value of the factor) x 0.40]
+ minimum value of the factor and

S, =[(maximum value of the factor—minimum value of the factor) X 0.60]

+ minimum value of the factor
Factor: oil-aqueous IFT (use the value range of
44.4-53.0 mN/m)

So

[(53.0—44.4) x 0.40] + 44.4 = 47.84 mN/m and

S, = [(53.0-44.4) x 0.60] +44.4 =49.56 mN/m

Factor: aqueous contact angle (use the value range of
65.1°-90.3°)

Sy = [(90.3—65.1) x 0.40] + 65.1 =75.18° and

S, = [(90.3—-65.1) X 0.60] + 65.1 = 80.22°
Factor: oil viscosity (use the value range of 0.64-0.73 cP)

So = [(0.73-0.64) x 0.40] + 0.64 = 0.676 cP and

S, = [(0.73-0.64) x 0.60] + 0.64 = 0.694 cP

Calculation of factor fractions (X;)

Desirable Factor: oil-aqueous IFT
According to Eq. (4),
D S; —47.84
X =—
IFT 49,56 — 47.84

And substituting S; by the oil-aqueous IFT values, then the
factor fractions (Xh-) are:

S; (oil-aqueous IFT, mN/m) X
44.4 -20
53.0 3.0

Undesirable factor: aqueous contact angle
According to Eq. (5),

iglue Lol auo .
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v 75185,
o 7 80.22 —75.18

And substituting S; by the aqueous contact angle values, then
the factor fractions (X5) are:

S; (aqueous contact angle, °) x5

65.1 2.00
70.1 1.01
754 -0.04
90.3 - 3.00

Desirable factor: oil viscosity
According to Eq. (4),
XD — S; —0.676
H0.694 - 0.676

And substituting S; by the oil viscosity values, then the factor
fractions (X)) are:

S, (oil viscosity, cP) Xﬁ
0.64 -2.0
0.73 3.0

Calculation of individual and combined desirability
(d;and D)

According to Eq. (3), the individual desirability (d;) of
each effecting factor is calculated by substituting its factor
fraction (X;) using the Harrington’s function according to
Eq. (3):

Factor: oil-aqueous IFT

d _ = NiIFT

IFT —

S, (oil-aqueous IFT, mN/m) XP. digr

44.4 -20 6.18 x 107*

53.0 3.0 9.51 x 107!
Factor: aqueous contact angle

de = e—e_xﬂ

S; (aqueous contact angle, °) X% dy

65.1 2.00 8.73 x 107!

70.1 1.01 6.94 x 107!

75.4 —0.04 3.52 % 107!

90.3 —3.00 1.89 x 107°

Factor: oil viscosity

d =e "

H

Pielase clla)l auan .
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S, (oil viscosity, cP) Xf,) dy

0.64 -20 6.18 x 107*
0.73 3.0 9.51 x 107!
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