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ABSTRACT: Drilling fluid is a critical component in drilling
operation due to its various functions. It consists of many elements, 1 :zzg Pt
and one of the main components is the weighting material which ok ¥=03608x + 33678 e

i i i . R*=0.9893 y=0.2912x +2.3734
controls the mud density. The weighting material type and % ° R?=09919.
concentration have a significant impact on the drilling fluid £ * o e ® A
properties. A common weighting material used in the oil and gas 2 * o0 T -2 =
industry is barite. In this work, the impact of barite concentration % s e®® 2 2_2-2 A ¥ =0.2828x +2.4561
on water-based drilling fluid was evaluated. The investigated & \ . .,,. g 22 R*=0.0826
drilling fluid properties are density, pH value, filtration behavior, . g qf 2
and rheological parameters. An intense investigation was carried ~ *| g @
out to evaluate the impact of barite concentration on the filtration 0
and filter cake sealing properties. The density and pH values were ’ ’ * Tim:'smin * ® ™

measured at room temperature, filtration test was performed at

room temperature, and differential pressure was equal to 100 psi. The rheological parameters were determined after hot rolling for
16 h at a temperature of 250 °F. The results showed that both the density and pH value increased linearly with barite dosage. The
filtration volume, filter cake thickness, and permeability increased with the incremental increase in barite dosage, and the exponential
relationship was the best in describing the relation with barite concentration. However, the filter cake porosity had an inverse
proportional relation with barite dosage. In the case of rheological properties, all the investigated properties including the plastic
viscosity, yield point, ratio of yield point to plastic viscosity, and gel strength at two different times (i.e., 10 s and 10 min) increased
in general as the barite concentration increased.

1. INTRODUCTION weight used in ceramic, steel hardness, and other products.
Barite has many applications in several industries such as
plastic, rubbers, and so forth, but the drilling activity represents
almost 90% of the total consumption of barite."*'* The high

Drilling fluid is considered as the blood in drilling operation,
and it consists of many chemicals (e.g, weighting material,
viscosifier, filtration agents, etc.) to perform several functions

(e.g, controlling sub-surface pressure, cleaning the well, consumption percent when using the oil and gas as weighting
carrying the cuttings, etc.).”” Weighting material addition to materials is due to several reasons such as the abundance of
the drilling fluid enables the drilling operation to reach higher barite compared to the other weighting material, relatively high
depths.” This is due to the fact that the one concern with the specific gravity, low cost, relatively high solubility percent using
deeper wells is the high hydrostatic pressure column needed to chelating agents, and so forth.'>'” Over the years, many
prevent the kick from entering the well. The weighting material researchers investigated barite from different standpoints, and
is simply a material with high specific gravity, which is used in Scharf and Watts (1984) investigated two weighting materials
the drilling fluid or cementing slurry to increase the density. and compared their performance, namely, barite and mica-
There are several examples of weighting materials including ceous hematite.” They compared them in oil-based mud with a
ilmenite, hematite, barite, calcium carbonate, ferromagnetic density equal to 18 ppg. The results revealed that barite had

magnetite, siderite, galena, anhydrous calcium sulfate, and so
forth.”*~"* The criteria for choosing the weighting material
include the availability, cost, removal process, compatibility
with other components in the drilling fluid, formation type that
will be drilled, and so forth. The most common weighting
material is barite."’

Barite is a mineral with barium sulfate as the main
component, and it deposits in many forms such as bedded-
sedimentary/volcanic. Barium accounts for 59% of the barite
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Figure 1. PSD and the scanning electron microscopy image of barite particles.

general. Al-Awad and Al-Qasabi (2001) assessed the perform-
ance of Saudi barite as a weighting material and compared its
performance with commercial barite.'® They characterized the
local barite using several techniques and tests such as flame test
and chemical analysis. In addition, they tested the local barite
from API requirement as a weighting material in comparison to
commercial barite. Their results showed that the local barite
can be utilized as a weighting material since it passed all the
checklist components in comparison to the commercial barite
and based on the economic feasibility study that they
performed. Accordingly, they recommenced the use of the
local barite. It can even be commercialized and used as a
financial source for Saudi Arabia. Igwilo et al. (2019) studied
the impact of the mud density of barite and calcium carbonate
as weighting materials on hole cleaning and transport
efficiency.'” They varied the concentration of each weighting
material, and the resulting mud density was around 8.7, 9.5,
9.9, 10.6, and 11 ppg. Their results displayed that calcium
carbonate had better outcomes in comparison to barite in
terms of transporting efficiency. On the other hand, barite
outperforms calcium carbonate in term of the equivalent
circulating density. Moreover, some researchers tried to use
barite with alternative weighting materials in different
percentages to improve their performance, Abdou et al
(2018) investigate the usage of ilmenite with barite in terms
of the rheological and filtration properties.”” They prepared
three mud formulations where the weighting material in the
first was barite, the second was ilmenite, and the third
formulation consists of 50% barite and 50% ilmenite. The mud
formulations (i.e., 8.7 and 18 ppg) were prepared in varied
densities and then tested at different temperatures ranging
from 76 to 180 °F. The outcomes of their study illustrated how
the mix of barite/ilmenite was equal or better compared to the
other formulations in terms of lower solid content and fluid
loss which reflected positively on the formation damage. In
terms of the rheological properties, the barite/ilmenite mix
formulation gave a comparable result with the other
formulations. In a similar manner, Basfar et al. (2019)
evaluated the usage of ilmenite with barite to minimize the
sagging problem in barite water-based drilling fluid.”' They
prepared five different mud formulations with mixed weighting
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materials of ilmenite/barite including 100/0, 25/75, 50/50,
75/25, and 0/100 as ratios. They examined several properties
including the density, pH value, sag, filtration, and rheology.
They found that 50/50 was able to enhance the drilling mud
formulation under static and dynamic conditions. The
rheological properties were improved, while the filtration
results did not show any difference. Moreover, they also tested
the mixture of barite with Micromax in inverted emulsion
drilling fluids.”* They tried different percentages of Micromax
addition to the barite, and the best results were found at 30%
of Micromax with 70% of barite. At this percentage, the barite
sagging issue was solved under dynamic and static conditions.
Moreover, this percentage increased the density and the yield
point, maintained the gel strength, and decreased the plastic
viscosity. The filtration and the filter cake properties were
improved upon the Micromax addition. Bageri et al. (2021)
evaluated the impact of different weighting materials on the
drilling fluid properties.”” They used barite, ilmenite, hematite,
and Micromax as weighting materials, and the sandstone cores
were used as a filtration medium. Their results showed that the
ratio of large to small particle size of weighting materials (i.e.,
Dyy/Dyp) is an important factor to be considered, and they
found several relations between the ratio and the drilling fluid
properties.

In this work, barite, as a weighting material, was varied from
a concentration perspective to evaluate its effect on the drilling
fluid properties. The investigated drilling fluid properties are
the viscosities, density, and pH value. Furthermore, the impact
of barite concentration on the filtration and filter cake sealing
properties was deeply investigated. The tests were conducted
after aging the fluid in a hot rolling oven for 16 h at a
temperature of 250 °F.

2. MATERIALS AND EXPERIMENTS

Barite used in this work is obtained from Baroid which has a
specific gravity equal to 4.2. The particle size distribution
(PSD) was evaluated for the barite particles using wet
dispersion unit ANALY- SETTE 22 Nano Tec plus, and the
PSD is shown in Figure 1. As can be seen in Figure I, the
largest barite particle has a size of almost 100 um, while the
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smallest barite particle has a size of 1.8 um. The particle
diameter percentiles, namely, 10, 50, and 90% have diameters
equal to 1.97, 18.52, and 57.75 um, respectively. As shown in
the scanning electron microscopy (SEM) image of the barite
particle at a scale of 10 ym in the inset of Figure 1, it is difficult
to identify a certain geometric shape for the particles, and they
have an irregular shape. Moreover, SEM—electron-dispersive
spectroscopy (SEM—EDS) is shown in Table 1. Barium sulfate

Table 1. SEM-EDS for the Barite Particles

B
3.79

C
14.77

(€]
28.48

Si S
4.69 7.9

Ba
40.37

element

wt %

showed the highest weight percentage which equals 40.37%,
followed by oxygen and carbon with weight percentages equal
to 28.48 and 14.77%, respectively. The remaining elements
including silicon, sulfur, and boron represent collectively
16.38%.

The drilling formulation used in this work is presented in
Table 2, and three mud formulations were prepared with the

Table 2. Drilling Fluid Formulation

mud-1 mud-2 mud-3

unit unit quantity quantity quantity
water cm?®
defoamer g 0.08 0.08 0.08
soda ash g 0.5 0.5 0.5
xanthan gum g 0.5 0.5 0.5
bentonite g 4 4 4
starch g 6 6 6
PAC-R g 1 1 1
potassium hydroxide g 0.5 0.5 0.5
potassium chloride g 20 20 20
calcium carbonate g S S S
barite g 250 350 450

same components. The only difference between them is how
much barite dosage was added. It consists of water as a

continuous phase and a defoamer to minimize foam formation.
Four salt types were used represented by soda ash, potassium
hydroxide, potassium chloride, and calcium carbonate. More-
over, two viscosifiers were used, namely, xanthan gum and
bentonite with two filtration agents utilized known as starch
and natural polyanionic cellulosic polymer (ie., PAC-R).
Finally, barite is used as a weighting material to increase the
density to the desired one.

A suit of experiments was performed in this study to achieve
the main objective, starting by measuring the density and pH
using the mud balance and pH meter, respectively. Then, the
rheological properties were measured after aging the sample for
16 h at a temperature of 250 °F and a pressure of 500 psi. The
rheological properties were measured using a Grace viscometer
at a temperature of 120 °F. The filtration test was performed
using low-pressure low-temperature filter press manufactured
by FANN, the drilling fluid was placed inside the cell, a
pressure of 100 psi was applied on top of the drilling fluid, a
filter paper was placed in the bottom side to form the filter
cake, and filtration fluid is accumulated in a cylindrical tube.

3. RESULTS AND DISCUSSION

As stated previously, the used barite has specific gravity equal
to 4.2. Expectedly, the drilling mud density will have a
probation relation with barite dosage. Figure 2 shows the
relation between the dosage and the drilling density. Barite
dosages of 250, 350, and 450 grams resulted in drilling mud
density equal to 13.9, 15.6, and 17.5 ppg, respectively. Another
important property is the drilling fluid pH, and it was evaluated
as a function of the barite dosage. For the lowest barite dosage
(250 g), the pH value was 11.04. As the barite concentration
increased, the pH increased as well. It reached 11.35 and 11.41
for barite concertation equal to 350 and 450 g, respectively.
The increase in pH value is due to the barite nature, and it
becomes more alkaline as the barite concertation increases.
Moreover, additional properties that were impacted by the
barite dosage are the filtration and the filter cake properties.
The filtration behavior of three samples was investigated. As
shown in Figure 3, higher filtration trends were obtained as the
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Figure 2. Density as a function of barite dosage.
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Figure 4. Filter cake thickness and filtration volume for three mud samples.

barite concentration increased. The period before S min
showed the initial stage of the filter cake buildup. At this
period, increasing the barite dosages showed a minor influence.
However, the 450 dosage showed a higher buildup rate at this
time. At further buildup time, after S min, there is a linear
increase in the filtration volume for all the dosages until
reaching the final filtration volume. Moreover, there was a clear
separation in the filtration rate as illustrated by increasing the
slope for each line. This indicated that the higher dosage of
barite has a higher buildup rate. The buildup rate increased
from 0.24 to 0.29 and then 0.34 cm’/min as the dosage
increased from 250 to 350 and then to 450 g. The final
filtration volumes are 13.6, 11, and 9.4 cm? for 250, 350, and
450 g of barite, respectively, as shown in Figure 4. In addition,
Figure 4 shows the filter cake thickness which equals 2.45,
3.13, and 5.02 mm for 250, 350, and 450 g of barite,

respectively. As expected, higher dosage causes the formation
of thicker filter cake due to the high content of barite particles.
Furthermore, the linear region in Figure 3 can be utilized to
determine the filter cake permeability based on the Lee
model.”* The permeability values for each barite dosage are
shown in Figure 5. The permeability values are 3.22 X 1072,
4.88 X 107% and 3.69 X 1072 mD for 250, 350, and 450 g of
barite, respectively. Filter cake porosity was determined using
the gravimetric method that depends on the filter cake weight
and volume.”® As can be seen in Figure 4, the filter cake had
porosity equal to 0.53, 0.37, and 0.21 for drilling mud with
barite concentrations of 250, 350, and 450 g, respectively. It is
tempting to find a simple correlation that relates the filtration
and filter cake properties to the barite dosage. Hence, several
correlations were investigated and found with admirable
accuracy, as shown in Figure 6. The filter cake permeability
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Figure 6. Relation between filter cake permeability, filter cake porosity, filter cake thickness, and filtration volume.

showed probational exponential relation with barite dosage as
follows

k.. = 0.0078 e0.00SS(barite dosage) (1)
rc = U

For the filter cake porosity, a linear relation was the best in
describing the relation with the barite dosage with a correlation
coeflicient equal to unity. The filter cake porosity can be
determined as a function of the barite dosage as follows

¢pc = —0.0016 X (barite dosage) + 0.9246 (2)

As the dosage increased, the porosity of the filter cake
decreased, while the permeability increased. This can be
justified as follows: the high dosage mud will have higher
packing of barite particles which will reduce the spaces that
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exist in the filter cake. In the case of the filter cake
permeability, the model has two crucial parameters, namely,
the filtration rate and the filter cake thickness. Both increased
with barite dosage, but the incremental increase in each one
caused the filter cake permeability.

Moreover, an exponential relationship was found between
the barite dosage and the filtration volume with a correlation
coefficient equal to 0.99. The filtration volume can be
predicted by the following correlation

0.0018 Xbarite dosage (3)

Similarly, the relation between the filter cake thickness and
barite dosage has the exponential form with a correlation
coefficient equal to 0.97. Using the barite dosage as the input,
the filter cake thickness can be estimated as follows

filtration volume = 5.8699 e

https://doi.org/10.1021/acsomega.2c06264
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ThFC = 0.9869 e0.00SSXbarite dosage (4)

The barite dosage has an impact as well on the rheological
properties. Mao et al. (2020) emphasized how the dense
packing in high- and ultra-density water-based drilling fluid can
impact the rheological and filtration properties.”® Therefore, it
was crucial to assess the impact of the dosage on the
rheological properties including the plastic viscosity, yield
point, and gel strength at 10 s and 10 min. Figure 7 shows the
plastic viscosity and yield point as a function of the barite
dosage, while Figure 8 shows gel strength results at two
different times as barite concentration increased. The plastic
viscosity showed a clear change when the barite dosage
increased from 250 to 350 g but a clearer increase as the barite
dosage reached 450 g (i.e., PV increased from 26.21 to 38.98
cP). The yield point change with barite dosage is more
noticeable, and it increased from 18.8 Ib/ft* at 250 g of barite
to 24.89 Ib/ft* at 350 g of barite. Similarly, it reached 30.4 Ib/

2160

ft* as the barite concentration increased to 450 g. For the gel
strength, there was a small variation as the barite dosage
increased especially at 10 s. The value increased from 9.06 to
11.06 1b/ft> when the barite concentration increased from 250
to 450 g. The 10 s gel strength values were not influenced as
the barite dosage increased from 250 to 350 g. Likewise, the 10
min gel strength increased as the barite dosage, but it remains
in the acceptable range.”” Moreover, the ratio of the yield point
to the plastic viscosity (YP/PV) was plotted, as shown in
Figure 9. The ratio provided an index for assessing the carrying
capacity of the drilling fluid, where a ratio equal to or more
than 0.75 is recommended.® In this work, the dosage of barite
equal to 250 g was out of the acceptable range, while the other
two dosages, namely, 350 and 450 g, had ratios that equal 0.95
and 0.75, respectively. It was tempting to see the relations
between the different rheological properties that were just
mentioned with barite concentration, which is shown in Figure
10. Noticeably, there was no clear trend for both the plastic

https://doi.org/10.1021/acsomega.2c06264
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Figure 10. Relation between the barite dosage and the rheological properties.

viscosity and YP/PV ratio. The remaining properties, on the
hand, showed a good relationship with the barite dosage. The
yield point linear relationship with barite dosage showed a
coeflicient of determination equal to 0.999, and it has the
following form

YP = 0.058 X (barite dosage) + 4.3883 (5)

Moreover, gel strength at 10 s and 10 min showed a good
linear relationship with barite dosage, with their determination
coeflicient was equal to 0.979 and 0.989, respectively. They
have the following forms

gel strength, o = 0.01 X (barite dosage) + 9.5524 (6)

gel strength = 0.0276 X (barite dosage) + 6.4797

10 min

)
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4. CONCLUSIONS

Barite is one of the most common weighting materials used in
the oil and gas industry. It is utilized mainly to increase the
drilling fluid density. In this work, three barite dosages were
varied in consistent drilling formulation to assess the dosage
impact on the drilling fluid properties. The findings of this
work can be summarized as follows:

1. The filtration volume, filter cake thickness, and filter
cake permeability increased as the barite dosage
increased, and they showed an excellent relationship
with barite concentration where the lowest determi-
nation coefficient was equal to 0.969. On the other hand,
the filter cake porosity has an inverse proportional
relationship with barite dosage. These can be attributed
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to the packing of the filter cake caused by the barite
dosage.

2. The rheological parameters were increased as the barite
dosage increased, and they showed a good linear relation
with barite concentration.

3. The barite dosage showed a linear relation with water-

based mud density, 100 g/cm® increase in barite dosage
was able to increase the density by almost 1.7 ppg.
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