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Introduction

Drilled wells in hydrocarbon reservoirs play a
critical role in surface-reservoir communication.
The primary purposes of a well include hydrocarbon
fluid production and injection of various fluids such
as water or gas to enhance recovery or disposal of
waste fluids [1]. The ability to produce and inject
fluids is among the key indicators of a hydrocarbon
reservoir's viability. Furthermore, a reservoir with high
porosity and permeability provides a higher capacity
to transmit fluid from the reservoir to the wellbore for
a given pressure drop compared to a reservoir with
lower porosity and permeability. When injecting into
such a reservoir, it is possible to inject fluids at higher
rates. Formation damage refers to any detrimental
process that reduces the productivity of an oil or gas
well or the injectivity of a well compared to its natural
state [2]. Thus, formation damage is an undesirable
phenomenon that, if it occurs, can lead to operational
difficulties and significant economic losses. Reduction

Table 1 Petrophysical Properties of the Core Sample Used.
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in oil and gas production rates, decreased water and
gas injection rates into the reservoir, increased pressure
drop due to production, and shortened reservoir life
ultimately result in reduced economically recoverable
hydrocarbon reserves. All of these are effects of
formation damage [3].

Materials and Methods

In this study, after determining the compositions of
the cores and evaluating their dispersion is shown
in Table 1, the quantity and type of clay minerals
are determined using SEM, XRD, and XRF tests to
identify their compositions, elements, and structure is
shown in Table 2. In the first stage, a static filtration
test of a sample of water-based drilling fluid which is
shown in Tabel 3 is evaluated. During this test, a mud
cake is formed, and its filtrates are analysed. Then,
atomic spectrometry is performed on the sample to
determine the percentage of elements and ions present
in the drilling fluid filtrates.

Sample Weight (g) Length (cm) Diameter (cm) Ka (md) |PV (cm?) G.D. Porosity

1 92.77 4.167 3.77 7.8 11.011 2.605 23.62
Table 2 XRF Analysis of the Cleaned Washed Core Sample.

Sample CaO MgO Sio, K0 FeO, AlLO,

Cleaned Carbonate 70.76 12.6 6.23 4.6 23 3.51
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Table 3 Glycol-based mud formulation sample.

Glycol Mud NISOC 75 pcf

Fresh Water 350 cc
Caustic Soda 0.2 (ppb)
Soda Ash 0.5 (ppb)
KCl 21 (ppb)
XC — Polymer 0.5 (ppb)
Pac - LV 4 (ppb)
PHPA 1 (ppb)
Glycol 21 cc
Limestone 127.4 (ppb)

In the next stage, the drilling fluid filtrates separated
from the mud are injected into the core using a
circulating fluid injection system. In this system,

core flooding is performed, where drilling fluid with
a predetermined flow rate is injected from one side,
saturating the core with oil, and then circulated out
from the other side. Essentially, the core is saturated
with oil from the reservoir, and whenever possible,
injection conditions are based on real conditions
regarding the temperature and pressure of the well and
IeServoir.

Relative permeability and contact angle tests are
performed on samples of reservoir rock before and
after drilling fluid injection to determine changes in
water and oil permeability and wettability is shown
in Fig.s 1 and 2. For a more accurate evaluation, Zeta
potential tests are also performed to examine changes
in surface electrical charge and their correlation with
changes in wettability.
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Fig. 1 The graph illustrating the changes in relative permeability of the core concerning two fluids, water and crude oil, in both

clean and contaminated cores with drilling fluid filterate.

c
Fig. 2 Measurement of the contact angle of the core sample
in the space of the filter bubble with a drop of crude oil.
A) Clean core. B) Oil-saturated core. C) Core washed with
filterate.

Results and Discussion

After conducting those above tests and determining
the precise damages caused from both physical and
chemical perspectives to the reservoir rock, the drilling
fluid is modified and an optimized fluid is presented
from the perspective of reservoir damage. For this
purpose, ions and compounds that cause the most
significant changes in reservoir damage are previously
identified, and materials (nanomaterials, polymers,
or synthetic materials) are provided as substitutes for
them. After modifying the formulation of the drilling
mud and replacing monoethanolamine by caustic
soda in this formulation, the process of injecting the
drilling mud filtrate into the oil-saturated reservoir
was conducted again under similar conditions to
evaluate the effectiveness of this addition in the
drilling mud. Ultimatly, the results of the contact angle
of the reservoir sample with the drilling mud filtrate
improved with monoethanolamine.

Conclusions

Glycol and caustic soda are the main sources of OH in
drilling mud and its filtrate, which, upon penetration
into the porous space, absorb onto the inner surface of
the rock (the rock surface itself is polar and exhibits
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a strong tendency to absorb acidic and hydrogen-
containing functional groups), causing changes
in the electrostatic properties of the rock surface.
Furthermore, the use of monoethanolamine, due to the
presence of the amine functional group, has a lesser
effect on changes in surface wettability of the rock.
Moreover, amines, compared to hydroxyl groups,
form bonds with lower electronegativity differences
and hence lower polarity. For this reason, they have
less power in separating organic residues from the
rock surface, and therefore their ability to wet the rock
surface is lower.
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