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Introduction

Formation damage is a general term used to describe
the impairment of permeability in oil-bearing
formations caused by various adverse processes. This
is a significant economic and operational issue that
occurs at different stages of hydrocarbon recovery
from reservoirs, including production, workover
operations, hydraulic fracturing, and well repair [1].
Due to its impact on company economics, it should
be a concern for everyone in oil and gas fields [2].
Numerous factors can contribute to formation damage;
therefore, examining the impact of formation damage
caused by heavy completion/barrier fluids is crucial.
Completion fluid is a comprehensive term that
encompasses fluids used in various stages of well
completion and workover operations. They are
primarily composed of brine solutions, with one type
being packer fluid. Packer fluids must possess several
properties, with density being the most critical. The
primary function of packer fluid is to control reservoir
pressure through the hydrostatic pressure it exerts,
while simultaneously avoiding causing formation
damage if it penetrates the formation.

Therefore, this study aims to investigate and evaluate
the formation damage caused by two new packer
fluids: one phosphate-based and the other nitrate-
based. The phosphate-based fluid is the first phosphate
fluid with a density of 114 pcf, and the nitrate-based
fluid is also the first to achieve a density greater than
95 pcf through the addition of a solvent. The formation
damage of these fluids is evaluated on carbonate and
sandstone cores.
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Materials and Experimental Procedures

Wettability Alteration

The experiment aimed to study the effect of different
fluids on the wettability of carbonate and sandstone
rocks. Initially, the natural wettability of the rock
samples was determined through contact angle
measurements. Subsequently, the samples were aged
with stearic acid to induce oil-wet conditions. In the
final stage, these oil-wet samples were exposed to
phosphate-based and nitrate-based fluids to assess
any potential alterations in wettability. To ensure
the reliability of the results, the experiments were
replicated once.

Clay Swelling Test

This test is conducted according to ASTM standard
D5890. The test procedure involves initially pouring
100 cubic centimeters of fluid (completion fluid or
water) into a graduated cylinder. Then, 2 grams of
bentonite clay with a particle size of 150 micrometers
is added to it. After one day, the amount of clay
swelling is measured.

Fluid-Fluid Compatibility

This test is designed to assess the compatibility between
different fluids that might come into contact during
oilfield operations. It involves mixing completion/
packer fluids and formation waters in ratios of 1:1, 1:3,
and 3:1. Furthermore, these mixtures are then aged at
65 degrees Celsius for 72 hours. Subsequently, the
formation of any precipitate is observed or noted.
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To test for emulsion formation, completion/packer
fluids are mixed with hydrocarbons in the same ratios.
These mixtures are then placed in an oven at 65
degrees Celsius for 60 minutes. Subsequently, they are
stirred at 200 RPM for 30 seconds and returned to the
oven. The separation of the phases is then observed
every 5 minutes.

Core Flooding System Test

Two carbonate plugs and one sandstone plug were
used to examine the characteristics of fluid penetration
into a porous medium (plug). Initially, the plugs
were saturated with formation water, and their key
parameters, including the initial permeability (based
on Darcy's law), were measured. Subsequently, using
nitrate-based and phosphate-based fluids, the FDS 350
Vinci apparatus and the plugs were used to simulate
the wellbore and reservoir environment (by bringing
the fluids into contact with the ends of the plugs). The
FDS 350 Vinci apparatus has four distinct pressure
tabs labeled A to D. In this experiment, fluids were
circulated using a pump through two hoses that were in
contact with the plug (part A). During this experiment,
no fluid was pumped into the plug; rather, the fluid
circulated in contact with the plug. Therefore, due
to this circulation, the fluid penetrated into the plug.
After the completion of the experiment, the return
permeabilities of the plugs with formation water and
at a flow rate of 1 cc per minute, similar to the initial
permeability assessment, were measured.

Results and Discussion

Wettability Alteration

Table 1 presents the contact angle measurements
before and after the wettability alteration test for
the selected fluids and their repeatability tests. The
variation in wettability alteration between carbonate
and sandstone rocks is a multifaceted phenomenon
influenced by mineralogy, reactivity, and physical
properties. Understanding this is crucial for effectively
designing and optimizing oil recovery methods tailored
to the specific characteristics of the reservoir rock.

Results and Discussion

Wettability Alteration

Table 1 presents the contact angle measurements
before and after the wettability alteration test for
the selected fluids and their repeatability tests. The
variation in wettability alteration between carbonate
and sandstone rocks is a multifaceted phenomenon
influenced by mineralogy, reactivity, and physical
properties. Understanding this is crucial for effectively
designing and optimizing oil recovery methods tailored
to the specific characteristics of the reservoir rock.

Clay Swelling
The swelling index of both completion fluids is 3 cc per

2 grams of clay, which is considered very good based on
the National Iranian Drilling Company’s report stating
that a value less than 5 cc per 2 grams of clay is highly
desirable. The reason for the low swelling index of the
two completion fluids can be attributed to the presence
of potassium ions in the phosphate-based fluid and the
presence of additives in the nitrate-based fluid.

Table. 1 Evaluation of wettability alteration in the thin sections.

Contact angle Contact
Thin section . ne angle after
. Fluid Type before aging oo
material . . aging in
in fluid .
fluid
Carbonate Phosphate 134 44
based
Carbonate Nitrate based | 145 36
Sandstone | L hosphate | 5 78
based
Sandstone Nitrate based | 146 59
Carbonate Phosphate 138 51
based
Carbonate Nitrate based | 148 40
Sandstone Phosphate 143 72
based
Sandstone Nitrate based | 139 51

Fluid-Fluid Compatibility

Among the samples of nitrate-based fluid mixed with
formation water, the one with 1:3 ratio of nitrate-
based fluid to formation water showed slight turbidity.
This indicates that as the ratio of formation water to
completion fluid increases, the compatibility decreases.
Similarly, for the phosphate-based fluid, all samples
mixed with formation water showed slight precipitation,
indicating some degree of incompatibility. Moreover,
the amount of precipitate increased with the increasing
proportion of formation water. This precipitation is
likely due to the interaction between calcium ions
in the formation water and phosphate ions from the
phosphate-based fluid.

When the compatibility of both completion fluids
with hydrocarbons was tested, no emulsions were
observed after 5 minutes. This indicates a high degree
of compatibility between the tested fluids and crude
oil/condensate, which is a desirable characteristic for
completion and stimulation fluids.

The lack of emulsion formation suggests that the
interfacial tension between the oil and water phases
was not reduced enough to allow one phase to disperse
into the other. This can be attributed to the inherent
properties of the base fluids used.

Core Flooding System Test
Fig. 1 illustrates the pressure drop over time for a
nitrate-based and a phosphate-based fluid passing
through a carbonate plug. Fig. 2 shows a graph of the
pressure drop over time as the phosphate-based fluid
penetrates a sandstone plug.
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Fig. 1 Penetration of phosphate-based and nitrate-based flu-

ids into carbonate plugs.
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Fig. 2 Penetration of phosphate-based fluids into sandstone
plugs.

Theresults of the fluid penetration tests on carbonate and
sandstone plugs for the phosphate-based fluid indicate
that this fluid can reduce formation permeability by
41.17% and 30.5%, respectively. Similarly, the results
for the nitrate based fluid on carbonate plugs show a
29.33% reduction in permeability. These levels of
formation damage are significantly lower compared to
other fluids such as drilling mud.

Several factors could contribute to this increased
formation damage, including reactions between the
completion fluids and the formation water and the plug
itself.

Conclusions

This paper presents the results of an experimental
study on the formation damage caused by two types of
completion fluids: phosphate-based and nitrate-based.
In this study, formation damage tests such as wettability
alteration, clay swelling, compatibility of completion
fluids with reservoir fluids, and fluid penetration into
plugs (flooding) were conducted. Ultimately, the results
indicate that these fluids can be used as completion
fluids in oil and gas wells, improving efficiency and
safety, especially in challenging reservoirs with high
temperature, high pressure, and low permeability.
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