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Introduction

In many studies, the negative effect of the presence of
clay minerals on the reduction of reservoir parameters
such as porosity and permeability has been reported.
Changes in chemical, physical and thermodynamic
conditions inside the reservoir can lead to all
kinds of formation damage, There are various
causes for swelling and migration of clay particles,
incompatibility of injection fluid and reservoir fluid,
rock-fluid interaction, blockage of flow path, collapse
The formation, thermal Stress, dissolution reactions
of organic and mineral substances, the effect of
pore deformation due to layer stress, wettability
change, changes in the properties and structure of the
pore surface and mechanical properties have been
expressed [1-5]. The most of oil reservoirs contain
clay minerals. which were either deposited during the
initial sedimentation stages (clastic clays) or deposited
from the flow of fluids inside the reservoir rock (in
situ clays) [6-7]. These two types of sedimentation
can cause the loss of permeability with different
mechanisms. The reaction of water with clay minerals
causes two phenomena of clay migration and swelling,
and failure to control these effects can cause damage
to the formation by reducing the permeability of the
reservoir rock. In other words, formation damage
is a problematic and costly operational issue that
occurs during oil and gas production operations,
drilling, hydraulic fracturing, well repair operations,
or flooding, and the implementation of EOR methods,
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and the main approach of petroleum engineering; It
is to prevent such damages. The formation damage
in the vicinity of the well is due to the decrease in
permeability caused by the entry of foreign fluid into
the reservoir rock. This damage is caused by many
factors, including the mineral composition of the rock
and the effect of injected water on the swelling of the
clay, which prevents more oil from being swept away.
Formations that have large amounts of autogenic clays
in pores such as kaolinite, Illite, smectite, chlorite and
mixed layer minerals sensitive to aqueous solutions
are prone to formation damage. Clay minerals are
classified into three groups: kaolinite, Smectite and
Ilite.

The most of researches, the mechanism of swelling
and migration clays has been investigated separately
with static or dynamic tests limited to micro-models
or flooding, but in this research, swelling and
migration phenomena are simultaneously designed
and conducted in a regular series of micro-scale
experiments. and macro (micro model and core)
were investigated and combination of smart water
for injection and appropriate pattern of injection were
extracted from the test results of both systems. In the oil
industry, conducting such studies or similar researches
can help in reducing or eliminating formation damage
caused by swelling and migration of clays due to
the sensitivity of clays to water by identifying the
appropriate injection fluid composition in order to
reduce the risk of intelligent water injection. It is
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very useful for the design of fluids, drilling, and well
stimulation in choosing the appropriate additions that
control formation damage due to swelling or migration
of clays in the invasion area. The main purpose of this
work is to investigate the simultaneous and separate
effect of swelling and migration of clays in the reservoir
rock on the deviation from the initial permeability as
an indicator of formation damage due to intelligent
water injection, and the expected results are to modify
and optimize the composition of the injected fluid and
provide a suitable model. In smart water injection, it is
to reduce or eliminate structural damages.

Materials and Methods

In this research, the field data of a reservoir in the
southern region of Iran were used. The characteristics,
type and amount of clays in the reservoir rock were
obtained by conducting and interpreting descriptive
XRD and SEM tests, and based on the results,
smectite and kaolinite clays with a mixture of 5 and
10% were used in the experiments. Swelling index
tests were conducted to evaluate the swelling of clays
in the studied reservoir rock (kaolinite and smectite)
in the vicinity of formation water and seawater with
different concentrations. Finally, formation water, sea
water, formation water diluted 40 times, sea water
diluted 20 times, nanofluids and the combination of
sea water diluted 20 times and one percent zirconium
oxychloride were selected for the design of micromodel
and flooding experiments. Micromodel and flooding
tests were designed and implemented by injecting
the designed water composition using the results of
swelling index tests in the vicinity of kaolinite and
smectite clays. Micromodel equipment consists of four
parts including injection syringe, micromodel glass,
imaging system and pressure transmitter.

For the flooding test, the reservoir rock sample was
pulverized using mesh number 200, and in order to
ensure the homogeneity of the particles, the sieving
process was performed simultaneously and in several
stages. To simulate the reservoir rock sample, a certain
amount of kaolinite and smectite minerals were added
to the rock powder. The slurry was prepared by mixing
rock powder and formation water. Then it was poured
into the chamber, which has a small mesh (15 microns)
on both sides. Finally, it was pressurized to 3500 psi to
prepare the artificial core.

Results and Discussion

In order to investigate the effect of smart water
composition and the effect of the injection pattern on
the swelling and migration of clays in the reservoir
rock, 8 experimental groups were designed and
carried out in two micro-model and flooding systems.
Formation damage index was expressed as FDEI to
better describe permeability changes compared to
initial permeability (as seen in the following Equation):

Ki-Kn 100 1)

FDEI%=

1

Kn: permeability in the presence of clay at each stage of
the test with the injection of different fluids and Ki: the
initial permeability of the micro model is equivalent to
334 MD and the artificial core sample is 50 MD

In the micro model and core flooding tests design
were performed in four different flow rates and by
installing two transmitters with an good accuracy, the
flow pressure difference in the entry and exit routes
were recorded. The general result of the comparison
of injection patterns, considering that the amount of
permeability and the selection of the amount and type
of clays are followed from a carbonate reservoir rock,
and in carbonate rocks the permeability is much lower
than sandstone reservoirs. If the migration of non-
swelling clays is intensified by reducing the salinity
and flow speed, and the swelling of swelling clays
is controlled at the same time, there will be enough
space for the clays to move and leave the system and
as a result, the efficiency of the formation damage
control process will improve. but if the migration is
delayed after swelling, it will cause the moving clays
to be trapped in the bottlenecks and block the flow
path, resulting in disruption of effective permeability,
the comparison of different injection patterns for two
weight volumes of 5% and 10% mixture in the tests
with different methods and combinations of fluids,
which shows that the order of fluid injection sequences
FW-SI-DFW-DSW or in other words priority. The
beginning of injection of swelling control fluid in
both 5% and 10% clay mixture in reducing formation
damage caused by the effect of the simultaneous
mechanism of swelling and migration in the reservoir
rock by 10 to 20% reduces the formation damage index.
And from the combination of the results of the tests of
both the micro model and the core flood systems, it can
be said that the removal of the migration control fluid
or in other words migration led to the release of clays
and was suitable in damage control.

Conclusions

1) The results of Swelling index tests showed that
nanoparticles were not able to control smectite swelling
due to their larger size compared to the distance
between clay layers, but zirconium oxychloride is
highly effective as a swelling inhibitor.

2) The migration and exit of kaolinite clay particles in
the micro model reduces formation damage, and on the
contrary, smectite clay increases formation damage.
3) Injecting control fluids at the right time is very
important. Injecting nanofluid to control migration at
the right time will improve the effect and using it at
the wrong time or priority will cause sedimentation of
clays in the flow paths and obstruction.

4) Removal of the migration control fluid by
prioritizing the injection of the swelling control fluid
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in the composition of the injection fluid for both 5 and
10% density of the clay mixture with the simultaneous
effect of the swelling and migration mechanism of the
clays in the reservoir rock sample caused a 10-20%
reduction in the damage of the formation index.

5) The gradual reduction of formation water salinity
and the priority of injection of swelling control fluid in
the composition of injection fluid with the effect of the
simultaneous mechanism of swelling and migration of
clays in the micromodel caused a 5 to 10% reduction
in the damage index.

6) At the time of smart water injection, despite the
simultaneous phenomena of migration and swelling,
swollen clays have a greater effect on formation
damage.

7) If the migration is delayed after swelling, it will
cause the moving clays to be trapped in the bottlenecks
and block the flow path and disrupt the effective
permeability.
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