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Abstract: Improved and efficient recovery methods are investigated as possible candidates to arrest
the production decline and to improve the injection capacity in hydrocarbon fields in Lithuania. The
data show that the Cambrian reservoirs in Lithuania are mixed to oil-wet in nature, which results
in poor water-flooding efficiency. Wettability alteration could help in improved water injection and,
at the same time, it could help recover additional oil from the residual oil saturation zone of the
reservoir. In this paper, a screening exercise is conducted to help alter reservoir wettability, improve
water injection efficiency, and to improve oil recovery. Analytical and machine-learning supported
methods are used for screening. Based on the screening results, dilute surfactant-based injection
techniques are suggested as a potential method to improve injectivity and, thereby, recovery from
the field. An initial experimental analysis targets the wettability of the rock from the field, followed
by testing for wettability-altering surfactants. Based on the findings of the screening study and
experimental analysis, it is recommended that we initiate a core flooding experimental program to
investigate wettability changes and enhance injection and recovery from the field.

Keywords: screening; oil-wet; wettability alteration; machine learning; experimental analysis;
surfactant; injection improvement; EOR

1. Introduction

The Baltic basin comprising Lithuania, Latvia, and Estonia has several hydrocarbon
reservoirs in offshore and onshore settings, most of which are located in the territory of
Lithuania and Latvia [1]. The Baltic basin in Estonia is too shallow to have any significant
reservoirs [2]. These reservoirs are made up of both sandstone and carbonate rocks (see
Figure 1, which shows the hydrocarbon accumulation sites in the Baltic region). It is
estimated that there are over 50 oil and gas fields in the region, both in onshore and offshore
settings. Several of these fields are currently in decline (see Figure 2). Some of these
hydrocarbon reservoirs are within the Gargzdai high area, covering over ~200 sq. km.
area. These reservoirs are perfect candidates for improved and enhanced oil recovery. This
study is focused on one of the reservoirs within the south-western part of Lithuania in the
Gargzdai area.
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Figure 1. Figure showing the spread of regional oil fields in Baltic basin [3].

Earlier work conducted by other authors [4] estimates that the Gargzdai high structure
has a very high residual oil saturation ranging between 40-60%, which makes it a large
target for enhanced oil recovery. The CO, EOR method has already been evaluated in
several fields with pilot trials showing very promising results [5-8]. The CO; field injection
trial was conducted in the Gargzdai residual oil zone [4,9] where a total of 1000 tons of
CO;, was injected in one of the wells for a total period of 52 days. A differential pressure of
80-90 bars was used to inject the CO, into the reservoir. Although promising results were
obtained from the initial CO; trial, the scale-up of CO, injection is currently held up due to
some legal barriers related to CO, injection [10-13]. Therefore, it is natural to investigate
other EOR methods for incremental oil recovery. To carry out the EOR evaluation and
its applicability for Gargzdai oil reservoirs, we have first carried out EOR screening at
two levels, first, using the EOR screening tool developed by Dicelytics Pvt. Ltd. [14],
where machine-learning-based methods are used for EOR screening; and, second, using
the analytical method, which is based on reservoir properties and SPE guidelines; the EOR
method is selected [15-17]. Both screening exercises suggest the potential for Chemical
EOR as a promising candidate for the Gargzdai reservoirs.
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Figure 2. Figure showing production history for some of the reservoirs in Lithuania (production in
thousand tons) [18].

A review of existing data from the Gargzdai oil zone suggests that some of the reser-
voirs are in oil-wet to mixed-wet conditions [19]. Wettability plays a crucial role in oil
recovery, where oil-wet formations impede water imbibition, leading to a diminished
sweep efficiency and early water breakthrough. In such scenarios, oil tends to strongly
adhere to the rock surface, retained within the matrix by capillarity [20-22]. During water
flooding, successful oil displacement relies on water imbibition into the rock matrix, but,
in oil-wet conditions, this process is hindered, preventing the efficient displacement of oil
from tight pores [22,23]. Consequently, injected water primarily flows through larger pores
or fractured networks, bypassing the oil in the matrix. This phenomenon exacerbates issues
like poor sweep efficiency and premature water breakthrough.

Over 60% of global oil reserves are located in oil-wet reservoirs [24]. Despite this
abundance, the oil recovery factor from such reservoirs remains notably low, with primary
and secondary recovery methods typically retrieving only about one-third of the original
oil in place (OOIP), leaving approximately two-thirds trapped as residual oil [24]. This inef-
ficiency stems from various factors inherent to oil-wet reservoirs, including heterogeneous
rock properties such as porosity and permeability, as well as variable wettability across the
reservoir, collectively posing significant challenges to secondary oil recovery methods like
water flooding [24-26].

Numerous laboratory studies have demonstrated that altering the rock surface wetta-
bility towards a more water-wet state can substantially improve oil recovery during water
flooding. This phenomenon is attributed to the creation of positive capillary pressure under
water-wet conditions, facilitating water imbibition into tight rock pores [22,23,27-29]. The
inclusion of wettability-altering surfactants further enhances water imbibition into low-
permeability matrices and promotes water spreading on carbonate rock surfaces, effectively
releasing trapped oil and, thereby, augmenting cumulative oil recovery.

Cationic surfactants are proposed to form ion pairs with adsorbed organic carboxylates
from crude oil, inducing the release of the adsorbed organic material from the surface and,
thereby, altering wettability towards a more water-wet state [30-34]. Consequently, water
gradually infiltrates the matrix structure, driven by capillary forces, while oil is expelled
from the core. Anionic surfactants, particularly ethoxylated sulfonates with a high number
of EO groups, have been investigated for their ability to displace oil through non-uniform
brine imbibition [31]. The suggested mechanism involves the formation of a surfactant
bilayer through a hydrophobic interaction with the surface, with the hydrophilic head
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groups creating a small water zone between the oil and the hydrophobic surface, generating
a weak capillary force driving brine imbibition. Anionic surfactants tend to adsorb onto rock
surfaces, especially carbonate reservoirs, due to the positive zeta potential from carbonate
mineral ionization to Ca?* ions [22]. To mitigate surfactant adsorption, the combination of
anionic surfactants with sodium carbonate has been proposed [22]. This combination alters
wettability and reduces the oil-brine interfacial tension to ultralow values (<10~2 mN/m),
primarily facilitating buoyancy or gravity drainage for oil recovery. However, the reduced
reliance on capillary forces for oil displacement may necessitate the inclusion of mobility
control agents to mobilize oil through the reservoir [27,35].

Nonionic surfactants are extensively studied for their role as wettability-altering
agents, contributing to enhanced oil recovery efforts [27,36-39]. Field trials have also
been conducted using nonionic surfactants, for wettability altering surfactants, showing
promising results [40—-42]. Nonionic surfactants induce wettability alteration by solubilizing
adsorbed hydrophobic material on carbonate surfaces into the aqueous solution via micellar
action. In this hypothesis, the hydrophobic material is 0il which would be dislodged due
to the surfactant into the flowing brine and would be suspended due to the surfactant
lowering the IFT. A favorable surfactant formulation and lower surfactant adsorption are
critical to the economic success of any surfactant injection project [25]. Nonionic surfactants
offer advantages over anionic ones, including brine compatibility, improved phase behavior,
low adsorption on carbonate rock, and enhancing oil recovery via capillary-pressure-driven
expulsion from tight matrix pores, eliminating the need for mobility control agents [27,39].
This paper discusses selecting the appropriate surfactant and conducting various laboratory
experiments to assess its efficacy. Based on the findings of EOR screening and given the
data suggesting the oil-wet nature of the rock, wettability-altering surfactants are used for
carrying out experiments on the reservoir rock.

This paper is organized as follows: The introduction to EOR is presented first, followed
by the field data description which is used in this study. The EOR screening results
are presented in Section 3. The initial surfactant screening experiments are presented
in Section 4. Section 5 discusses the impact of wettability alteration on water injection
improvement. The conclusions are presented in Section 6.

2. Field Data

The field data used for the analytical screening are shown in Table 1. The data
correspond to one of the depleted hydrocarbon fields, which is a Cambrian reservoir
located in the Baltic basin at a depth of around 2 km. The field has been in production
since early 1990 and has been water-flooded for pressure maintenance since 2000s [43]. The
production forecast shows a declining production as shown in Figure 3. The water flood
has provided initial production support, and, now, production is declining year after year.
The reservoir makes a perfect candidate for improved and enhanced oil recovery.

Table 1. Field data used for EOR screening.

Field Name/Location Gargzdai Reservoir (Western Lithuania)
Geological basin Baltic basin
Formation name Cambrian

Discovery year 1960-1970
Type of rock (sandstone/carbonate/shale) Sandstone
Rock heterogeneity info Very heterogeneous (0.01-100 md)
Mineral composition 95% or more quartz
Clay content (% of clay in rock) 3-7, some placed up to 20

Average porosity, % 1-12
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Table 1. Cont.

Field Name/Location

Gargzdai Reservoir (Western Lithuania)

Average permeability, md 0.01-100
Depth, m 1975-1992.5
Reservoir area (acres) 200 sq. km—total 8 reservoirs
Average pay thickness, m 70-80 m
Reservoir temperature, °C 85
Original reservoir pressure, psi 2750
Injection well bottom hole pressure, psi 3000
Initial oil and water saturation ratios 30-56% residual oil saturation
Average connate water saturation, % ~20

Current oil cut, %

High water cut up to 90-95

Secondary recovery, %

27% (with water flood)

Start year of water flooding/injection 21+ years
Current average daily injection rate per well 500
(Water) bbls/day
Number of producing wells 11 wells
Number of injection wells 4
Oil production from entire field, bbl/day ~200 (from 4 wells—around 60 bb/day)
Well configuration—horizontal /vertical Vertical
Well spacing per well, meters 300-1000

Current average daily injection rate per well

500 (~3200 bbls per day)

(Water), m>/ day
Reservoir Mechanism
Primary producing mechanism Water flooding
Current injection rate, m3/day 500

Average wellhead injection pressure and BHP,
bars

250-350 (depending on wells)

Water Properties

Density of original connate/formation water,

ke,/m? 1127
Salinity/total d%ssolved solids: Original 20
formation water, wt %
Oil Properties
API 434
Viscosity at reservoir temperature, cp 0'16'2;0('(1(;3 Ziitll)l)’
Other information
Reservoir pressure, bars 220
Wettability Oil-wet
Initial water saturation, % 26
Recovery factor, % 27
Well spacing, ha/well 98
Average reservoir thickness, m 9.15
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Figure 3. Declining production forecast of the oil field under investigation for injection improvement
and EOR; different colors show production contribution from different reservoirs within the field;
names of field are hidden due to data confidentiality.

3. Enhanced Oil Recovery Screening

Enhanced oil recovery (EOR) is a crucial method implemented subsequent to primary
hydrocarbon extraction, designed to maximize the retrieval of the remaining hydrocar-
bons through secondary (e.g., water or gas flooding) and tertiary recovery mechanisms.
Various EOR techniques encompass solvent-based, chemical, and thermal methods, each
possessing distinct advantages and limitations. Figure 4 illustrates the classification of
enhanced oil recovery screening methods based on SPE guidelines [17]. In the methodology
flowchart, Figure 4 illustrates our approach and methodology, detailing the sequential
steps and processes we undertake throughout our research. Typically, EOR strategies are
deployed towards the latter stages of field development, as depicted in Figure 5. The initial
phase of assessing EOR potential in a field entails EOR screening, traditionally relying on
analytical methodologies outlined by the Society of Petroleum Engineers (SPE) [6,15,17].
However, there is a burgeoning interest in leveraging machine-learning techniques for
EOR screening [44-49]. This section elucidates the outcomes derived from both traditional
analytical screening methods and machine-learning approaches applied to field data.

Data Analytical Wettability Numerical
Collection Screening testing Modelling

‘. Water Droplet
| SPE Guidelines ~*  Method

| Machine __,| Calcite Plate
Based Method

Using
Surfactant

Figure 4. Methodology flowchart.
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Figure 5. EOR recovery mechanizing.

3.1. Analytical Screening Using SPE Guidelines

Analytical EOR screening for a depleted oil field is conducted using an in-house
Excel-based tool developed from the SPE guidelines [15-17]. Additionally, several SPE
publications provide comprehensive screening criteria and guidelines for evaluating the
feasibility of EOR projects under various technical and economic considerations, including
factors like oil prices and technological advancements [50]. These guidelines offer valuable
insights and methodologies for assessing EOR projects across different scenarios.

According to the SPE guidelines [16], the temperature requirement for in situ flooding
is above 37 °C, with an API gravity of 10 to 27, while the field under study has a temperature
of around 85 °C and an API gravity of 43.4, making in situ flooding unsuitable and
prohibitively expensive. Similarly, steam flooding is recommended for reservoirs with
depths of less than 5000 ft. However, our field’s depth is 6480 ft, rendering steam flooding
inappropriate for our reservoir. Our reservoir exhibits specific characteristics, including
being oil-wet, highly heterogeneous, and low viscosity. Although alkaline flooding is
commonly employed for wettability alteration, it is typically effective for reservoirs with
API gravities ranging from 13 to 35. Given that our field has an API gravity of 43.4, alkaline
flooding alone is not a viable choice due to the incompatible API range. Regarding nitrogen
and flue gas injection, these methods are optimal for reservoirs with viscosities lower than
0.4. Unfortunately, our field’s viscosity exceeds 0.63, making nitrogen and flue gas injection
less suitable for our circumstances.

3.2. Machine-Learning-Based Screening

Dicelytics Ltd. offers an end-to-end solution for reservoir management, which in-
cludes an EOR screening tool, that uses machine-learning algorithms for EOR screening
purposes [14]. Dicelytics software (https:/ /prod.dicelytics.com/dicelytics/login, accessed
on 17 April 2024) provides a production enhancement evaluation using Al and ML, lab-
oratory evaluation, consultation, and data visualization. Dicelytics Ltd.’s physics- and
machine-based software is a cloud-based software suite that allows physics-assisted artifi-
cial intelligence and machine-learning reinforced models to simulate, analyze, and support
the field implementation of reservoir recovery management technologies. Table 2 shows
the input data used in the Dicelytics EOR screening software tool.
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Table 2. Dicelytics software input.

Parameter Value
API Gravity 434
Oil Viscosity 1.44
Residual Oil Saturation 30%
Depth, ft 6479.659
Temperature, °C 85
Permeability, md 100
Porosity 10%
Formation Sandstone
Thickness >20 ft No dip
Composition High % C1-C7

Tables 3-5 displays the results of screening tests conducted using the Dicelytics soft-
ware on the input data from Table 2. The screening tests are performed for various flooding
methods used in oil recovery operations. The “Result” column indicates the percentage
effectiveness of each flooding method in recovering oil under the specified conditions,
listed in decreasing order of effectiveness. The methods tested include hot water, chemical
flooding, in situ hydrocarbon (I-HC) injection, in situ CO; (I-CO;) injection, microbial
flooding, and polymer flooding.

Table 3. Dicelytics software screening test result for Table 2 input data.

Flooding Method Result
HOT WATER 100.00%
CHEMICAL 80.78%

I-HC 62.37%
I-CO, 41.84%
POLYMER 21.32%

Table 4. Dicelytics software screening test result for Table 2 data, reducing viscosity to 0.8 cp.

Flooding Method Result
HOT WATER 100.00%
I-CO, 80.63%
CHEMICAL 60.21%
I-HC 41.49%
POLYMER 21.07%

Table 5. Dicelytics software screening test result for Table 2 data, reducing viscosity to 0.63 cp.

Flooding Method Result
HOT WATER 100.00%
CHEMICAL 75.71%

I-HC 52.29%

POLYMER 26.58%
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Based on the analytical screening method, we can suggest that there are the following
possible EOR methods, that can be applied to the field:

Low Salinity Water (LSW) Flooding: This method modifies the wettability of the
reservoir rock, making it more water-wet and facilitating the displacement of oil. The
alteration in ionic composition affects the interactions between the oil, water, and rock
surfaces, leading to improved oil recovery. It typically involves modifying the water
composition and injection strategy, which can be implemented with a relatively low capital
and operational costs. This may be the cheapest option for the current scenario.

Surfactant-Polymer (SP) Flooding: Surfactants help to reduce the interfacial tension
between the oil and water, improving oil mobilization, while polymers enhance the sweep
efficiency by increasing the viscosity of the injected water, thus reducing channeling and
improving displacement.

Alkaline-Surfactant-Polymer (ASP) Flooding: Alkalis are added to raise the pH of the
injected water, which helps in reducing the reservoir’s rock wettability and enhancing oil
recovery. Surfactants aid in reducing interfacial tension, while polymers improve the sweep
efficiency. The cost depends on the dosage, the frequency of injection, and the specific
chemicals used. Alkaline flooding is commonly applied in oil-wet or mixed-wet reservoirs.
Alkaline flooding tends to be more effective for heavier oils, with API in the range of 13-35.
Therefore, we can use ASP to obtain more effective results.

Chemical Flooding with CO; or Nj: Chemical flooding methods, such as CO, or
N, foam or miscible flooding, can be combined with the existing water flooding. These
methods enhance oil recovery by reducing oil viscosity, improving displacement efficiency,
and altering the reservoir wettability. The current reservoir pressure is 3190 psi, which
is sufficient for the miscibility of CO,. The viscosity is 0.63 to 1.44 cp, which favors CO,
flooding (for miscible flooding, the viscosity range is 0.1 cp to 100 cp, and, for immiscible
flooding, it is perhaps more than 100 cp). Normally, N, flooding is used in viscosity of less
than 0.3 cp. Based on all these data, CO; flooding can be used compared to N; flooding.
CO; or Ny flooding methods can have higher costs compared to LSW or chemical flooding.
The expenses are associated with capturing, compressing, and injecting the gas into the
reservoir. The availability and proximity of CO, or N sources, as well as the infrastructure
required for their transportation and injection, also influence the cost-effectiveness.

Here, we have a very high heterogeneity in our field, so we may refer to chemical
flooding. CO; or hydrocarbon gas injection is also recommended because the injected
gas can better reach and displace oil in different reservoir zones, including areas with
varying permeability. In this paper, we further investigate chemical EOR, in particular,
surfactant EOR, as it has been shown to give promising results in sandstone reservoirs and,
particularly, for oil-wet rock [40-42].

4. Rock Wettability Assessment

Oil-wet reservoirs typically exhibit an inferior water-flooding efficiency compared to
water-wet reservoirs due to the stronger adhesion of oil to rock surfaces. Consequently,
water struggles to displace the oil effectively from the reservoir rock pores, resulting in a
diminished oil recovery efficiency. To address this challenge, various techniques such as
surfactant injection or chemical treatments are often employed to modify the reservoir’s
wettability and enhance the water-flooding efficiency.

A special core analysis conducted in the laboratory on reservoir rocks sourced from
Lithuanian reservoirs has confirmed their oil-wet nature [19]. The determination of rock
wettability is established through contact angle measurements, detailed in Table 6 and
Figure 6. The wettability index gauges the preference of the reservoir rock for oil or water.
A positive wettability index signifies a water-wet condition, indicating a higher affinity
for water, whereas a negative wettability index denotes an oil-wet condition, suggesting a
greater affinity for oil.
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Table 6. Table showing oil-wetness and corresponding contact angle.

Wetting Condition Contact Angle (Degrees)
Moderately water-wet 30-75
Neutrally wet 75-105
Moderately oil-wet 105-150
Strongly oil-wet 150-180

Figure 6. Figure showing an oil-wet and water-wet surface of rock. Images show behavior of oil
molecule on surface of rock, which is immersed in brine.

Three tests were conducted on small rock plugs extracted from a Lithuanian reservoir,
revealing that two of the tests (plug 1 and plug 2) yielded negative values for the Amott
wettability index (IAH = —0.723 and IAH = —0.741, respectively), indicating an oil-wet
wettability. This implies that the rock samples from these plugs have a stronger affinity
for oil than water. However, an anomaly was observed with plug 3, which exhibited a
positive wettability index (IAH = 0.073), contradicting the oil-wet wettability observed in
plugs 1 and 2. Consequently, a reassessment of the rock’s wettability was warranted using
a simple water droplet method. This re-evaluation is crucial as the contact angle plays a
pivotal role in determining rock wettability, which, in turn, informs the selection of the
appropriate enhanced oil recovery (EOR) methods.

4.1. Water Droplet Method and Quantification of Wettability

To verify the oil-wet nature of the rock, an experiment was conducted using the water
droplet method, where the rock is saturated in oil, and then the wettability is tested by
placing a water droplet on the rock and the contact angle is evaluated. To conduct the
experimental investigation, reservoir rock, oil, and brine samples have been collected and
saturated first in reservoir brine (200,000 ppm) for a period of 4 weeks, followed by oil
saturation for 4 weeks.

4.2. Calcite Plate Test for Wettability Alteration

Since the rock is oil-wet in nature, we conduct an experiment using a known oil-wet
rock, reservoir brine, and reservoir oil using surfactant solution. A calcite plate is used, as
it is known to be oil-wet in nature. The plate is first dipped in reservoir brine, followed by
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reservoir oil. The saturated plate is then dipped in brine and surfactant solution, which
results in changing the calcite plate to change its wettability from oil-wet to water-wet.
When this happens, oil droplets start to form on the calcite plate and oil is released from
the surface.

The water droplet experiment showed that water does not spread on the surface of the
rock but, rather, forms a droplet, indicating the oil-wet nature of the rock. The calcite plate
test confirms this result (Figure 7). It is seen that oil droplets start to form and are released
from the surface.

Calcite plates in contact After 1 hour contact with
with brine solution brine-surfactant

LA
T i |
After 3 hours contact with After 24 hours contact with
brine-surfactant brine-surfactant

Figure 7. Figure showing reservoir fluid and brine interaction with surfactant solution using a
calcite plate.

4.3. Wettability Alteration Using Surfactant

For this experiment, we first prepared reservoir rock, cleaned it, and then placed it in
reservoir brine solution for a period of 4 weeks. After aging in reservoir brine for 4 weeks,
the rock sample is taken out and pictures are taken. Then, the rock is immersed in an oil
bath for a period of 4 weeks. After the ageing in oil is completed, the rock sample is taken
out, and then subsequently dipped in a surfactant solution for a few hours.

Similar to the calcite plate experiments, the surfactant solution alters the rock’s wet-
tability from oil-wet to water-wet, allowing water to imbibe into the rock and displace
oil molecules, as illustrated in Figure 8. The success of these experiments demonstrates
the potential of surfactants to enhance oil recovery from the field. Although the exact
mechanism and kinetics of wettability alteration are not fully understood yet and require
further investigation, it is likely that the surfactant’s ability to adsorb onto the rock surface
and/or remove polar components is responsible for this change in wettability.
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«
Rock sample Oil Bubbles after interaction with Surfactant
solution for 1 hrs.

v

Rock sample Oil Bubbles after interaction with Surfactant
solution for 2 hrs.

Rock sample saturated in Oil for 4 weeks

-

Figure 8. Figure showing rock sample from the field saturated with reservoir oil for 4 weeks, and
then subsequently dipped in surfactant solution.

5. Injection Improvement via Wettability Alteration

The oil-wet nature of the rock results in a poor water-flooding efficiency. The impact
of wettability on water-flood efficiency in sandstone and carbonate reservoirs has been
investigated by several authors [51-53]. If the wettability of the rock could be changed, then
the water-flooding efficiency can be improved; this is achieved through the alteration of the
water-relative permeability curve due to the adsorption of wettability-altering surfactants
on the rock surface. Such changes in relative permeability curves have been demonstrated
in [39-42]. The effect of a wettability-altering surfactant on injectivity improvement has
been discussed in detail in [40,41].

A review of the field’s injection and production data [4,9] suggest that, for every 6 bbls.
of water injected, 1 extra bbl. of oil can be produced. Therefore, if we can obtain a ~15%
injectivity increase with surfactant injection, this would amount to having approximately
five new water injectors. Similarly, a ~10% increase with surfactant injection would amount
to having approximately four new water injectors. Figure 9 shows the number of water
injection wells that can be replaced with the respective injectivity increase obtained from
surfactant injection. There is also a direct implication of the injection improvement on
electricity consumption and the running of water injection pumps. Figure 9 below shows
that, even if a small injectivity increase is made through wettability alteration, the energy
savings are equivalent to running additional injection wells with the same electrical con-
sumption. Therefore, the wettability changes through a surfactant should also be seen as a
cost-effective way of improving the field water-flooding efficiency.
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Figure 9. Potential cost savings in terms of injection capacity by using surfactant injection.

6. Conclusions

In conclusion, the study focuses on a highly heterogeneous, oil-wet hydrocarbon field
with permeability ranging from 0.01 to 100 md and porosity from 1% to 12%. Preliminary
experimental testing using reservoir fluids and rocks shows that the use of a wettability-
altering surfactant can help in improving oil recovery through wettability changes.

Due to the oil-wet nature and heterogeneity of the reservoir, traditional water flooding
faces challenges like early water breakthrough and channeling through fractures. Therefore,
it is recommended to use Surfactant-Polymer (SP) or Alkali-Surfactant-Polymer (ASP)
flooding for enhanced oil recovery (EOR). The initial analysis and experiments indicate
that surfactant flooding is effective for incremental oil recovery. It is suggested that we
conduct extensive core flooding tests using reservoir fluids and rocks to further investigate
this method. Surfactant treatment can improve the water-flooding efficiency by altering
rock wettability, enhancing injectivity, and potentially reducing the need for additional
injection wells, thus lowering operational costs

The work also suggests that the use of diluted surfactant injection will improve
the water injection efficiency due to changes in the wettability of the rock, making it
more water-wet. This will eventually result in changes in the relative permeability of the
rock through surfactant adsorption, which will result in cost savings through injection
efficiency improvements.

7. Recommendation

Based on the preliminary screening and experimental investigations demonstrating
promising results with surfactant-based EOR methods in oil-wet reservoirs, it is recom-
mended that we proceed with further investigation through core flooding experiments.
These experiments will allow for a comprehensive quantification of expected recoveries
and pave the way for future field trials. Following short-term injectivity trials, longer-term
assessments should be conducted to evaluate the impact of surfactant injection on residual
oil saturation and injectivity improvement. For field trials, we suggest implementing
single-well tracer test (SWCTT), and log-inject-log with an observation well. These trials
will provide valuable insights for optimizing surfactant-based EOR methods in oil-wet
reservoirs and enhancing the hydrocarbon recovery efficiency.
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