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Drilling muds play an important role in drilling and production operations so that the degree of success
in such operations is determined by the proper design of these fluids. To optimize drilling operations and
avoid excessive expenditure, it is essential to prepare a drilling mud that is both cheap and efficient. Fluid
additives are typically used in drilling systems to improve these fluids' capabilities in terms of hole
cleaning capacity, filtration control, viscosity, yield point, heat transfer, etc. However, environmental
concerns, cost of production, and availability are always considered challenging factors. This study in-

Il;?i,l‘ll‘i/s;dfsl:uid troduces an eco-friendly herbal fiber in powder and regular forms as a potential alternative to other
alyssum chemical additives. To do so, alyssum homolocarpum seed mucilage was added with different concen-
Herbal fiber trations to the water-based drilling muds, and its rheological behavior, filtration control, and the induced
Rheology formation damage were examined and the optimum concentration was introduced. The results of this

Filtration control study revealed the advantages of the drilling muds formulated with alyssum in terms of filtration control,

rheology, formation damage, and greenness.
© 2021 Southwest Petroleum University. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Despite the advancement in drilling fluids engineering, there
are still plenty of issues that take this industry into challenges. One
of the most significant challenges of any drilling operation is the
wellbore stability that determines the fate of the well. An unstable
wellbore could cause several problems from simple to highly
complex and even dangerous ones. Wellbore stability problems
include lost circulation, wellbore collapse, stuck pipe, and in severe
conditions formation fluid's kick and blow out. On the other hand,
stable wells offer advantages like avoiding collapse and fractures,
optimizing casing design, preventing lost circulation, faster drilling,
and saving time and money [1]. Another challenge encountered in
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drilling operations is excessive filtration of drilling muds into the
formation, which would affect the hydrostatic pressure applied to
the bottom-hole and could cause severe consequences. Thus,
filtration of drilling fluid into the formation must be controlled by
adding drilling fluid additives to produce a thin filter cake on the
wellbore wall and enhance wellbore stability. Many research
studies have focused on improving drilling mud properties [2—5].
Chemicals like hydrolyzed sodium polyacrylonitrile with an ionic
hydration group, polyacrylonitrile calcium salts, polyacrylonitrile
ammonium salts and acrylic waste fiber have been used previously
as filtration control additives [6]. Excessive filtration of drilling mud
into the formation may also cause formation damage that severely
influences the reservoir rock permeability in the near-wellbore
region. Therefore, avoiding formation damage induced by the
drilling fluids is critically important [7—9].

All challenges mentioned above are directly or indirectly related
to drilling mud properties defined by the science of rheology.
Rheology defines the essential parameters of drilling fluids,
including yield point, plastic viscosity, gel strength, and filtration
loss. The rheological behavior of drilling muds containing different
additives has been studied by several researchers [7—11]. However,
since environmental protection agencies (EPA) have set strict
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regulations to protect the environment from drilling waste, drilling
companies have always sought eco-friendly and efficient additives.
Recently, environmentally friendly drilling fluid systems have
shown satisfying results as a substitution to the oil base muds and
water-based muds formulated with hazardous chemicals. One of
these eco-friendly materials is the natural fiber that opened its way
in drilling operations and other industries to produce non-damage
waste for the environment [5,12—17]. Fibers are considered natural
green additives that can be considered an appropriate substitution
for toxic and expensive materials [11,12]. Marti et al. (2005) [ 18] and
Rajabian et al. (2008) [19] worked on fiber suspensions and the
rheological behavior of the model after adding the fiber and find
out that the fiber could cause increased viscosity. Later, Baba
Hamed and Belhadri (2009) [20] evaluated the biopolymer's xan-
than gum and scleroglucan's rheological behavior in drilling fluids
and found promising results. Elgaddafi et al. (2012) [10] evaluated
the settling velocity of particles in fiber-containing drilling fluids
for both Newtonian and non-Newtonian-based fluids. Most
recently, Movahhedi et al. (2017) [ 11] demonstrated the potential of
hydrated basil seeds (HBS) as the herbal fiber on the hole cleaning
and filtration control of drilling mud. Wajheeuddin and Hossain
(2018) [12] applied date seeds, grass, and grass ash in drilling fluids
and measured the rheological properties of the mud like filtration.
They found out that these fibers could be applied as rheology
modifiers and filtration control agents. Finally, Al-Hameedi et al.
(2019) [5] presented a fibrous food waste material in water-based
drilling mud as an environmentally friendly drilling fluid additive.

The present study investigates the potential application of
alyssum, for the first time as per our knowledge, as an
environmentally-friendly and cost-effective herbal additive in
terms of filtration control, formation damage, and rheological
properties of the drilling. To do so, alyssum homolocarpum seed
mucilage was added with different concentrations to the water-
based drilling muds, after which its rheological behavior, filtra-
tion control, and the induced formation damage were examined,
and the optimum concentration was introduced.

2. Materials and methods
2.1. Introduction to alyssum

Hydrocolloids are defined as a type of polymers that strongly
interacts with water and can be applied for various purposes like
thickening in many industries such as food industries and petro-
leum industries [21]. Mucilage and plant polysaccharides are rep-
resented as eco-friendly substances that are cheap and can be
obtained easily. Alyssum is a kind of flowering plant in the family of
Cruciferae, native to Egypt, Arabia, Iraq, Iran, and Pakistan. Alyssum
homolocarpum seed is known by the local name of Qodume Shir-
azi, or Toderi in Iran. It is mainly produced for its mucilage content,
and the seeds absorb water quickly and produce a sticky liquid.
alyssum contains a considerable amount of mucilaginous substance
[21]. The alyssum used in this study was provided from the
southwest of Iran and used without any processing.

To evaluate the performance of alyssum as a filtration control
additive in drilling muds, alyssum seeds were added to water and
mixed by a standard drilling lab mixer. Then, the fluid sample was
aged for 12 h to complete the hydration process of alyssum seeds
and to generate mucilage around the seeds. It was observed that the
alyssum seeds' volume increased considerably after mixing with
water. Fig. 1a and b illustrate the dry and hydrated alyssum seeds.

2.2. Filtration and fluid loss control

Filtration loss is a principal reason for many wellbore stability
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Fig. 1. a) Dry alyssum seeds, b) Hydrated alyssum seeds.

problems that play an important role in drilling fluids character-
izations. Drilling fluid loss depends on the drilling fluids additives
and the rheology of the fluid. The filter press instruments evaluate
the filtration characteristics of drilling fluids. Fig. 2 represents the
detailed parts of the apparatus. API RP 13B-1 standard [22] was
used to perform the experiments. Filter cake thickness can also be
captured on the filter paper's surface to evaluate the mud cake
quality. To conduct the static filtration tests, a differential pressure
of 7 atm at 25°C was applied by nitrogen gas to simulate the drilling
mud condition at the borehole. Applying the differential pressure,
the solid particles of the drilling fluid deposited on the filter paper
and the continuous phase passed through the paper and gathered
in a graduated cylinder to measure the filtration volume. The
deposited solid is called the mud cake. Since mud cake is an un-
consolidated porous medium, Darcy's law can describe the mud
cake's fluid flow. Eq. (1) describes the filtrate volume as a function
of time [23]. Initially, the filtrate fluid loss was high (spurt loss)
since no mud cake was formed.

According to the API standard, the total amount of filter loss was
reported as a filtrate volume gathered after 30 min.
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Fig. 2. Schematic of the API filter press.
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(1)

V.—A \/Zkf(FsOlidCake — Fsolianua) 4P
=
uFsolidmud

where t is the interval time, k is the mud cake permeability, p is the
mud filtrate viscosity, AP is the differential pressure, A is the cross-
sectional area, Fsgjigmud is the volume fraction of solids in the mud,
and Fsolidcake i the volume fraction of solids in the mud cake.

2.3. Rheological characterization

Properties of the drilling muds are mostly controlled by their
rheological characteristics. These properties can be adjusted by
adding proper additives. Parameters like gel strength (GS), plastic
viscosity (PV), and yield point (YP) are frequently used in the
literature to address the properties of the drilling fluids. These
parameters can be obtained by measuring the shear stress at a
minimum of two shear rates. PV that can be obtained from the slope
of the plot of shear stress versus shear rate represents the viscosity
of the drilling mud when extrapolated to infinite shear rate based
on the mathematics of the Bingham model. PV and YP can be easily
calculated from the following formulas:

PV (cP) =00 — 0300 (2)

) 0300 - PV (3)

b

Yp (1 00ft2
where fggg and 6399 are the dial readings from the viscometer
rotating at 600 and 300 revolutions per minute (rpm), respectively.
The yield point is defined as the minimum shear stress applied to a
fluid to start the flow. On the other hand, gel strength is defined as
the fluid's capability to carry the cuttings produced during the
drilling process and keep them in suspension. Gel strength (GS),
which is a measurement of the thixotropy of the drilling mud, can
be directly obtained from dial readings when the viscometer is
rotating at a low rotor speed, which is usually 3 rpm after the mud
remained static for a short period (10 s or 10 min) [20,23,27,28,31].
GS is an indication of the electrochemical forces inside drilling
fluids at a stationary state. It depends on temperature, solid con-
tent, chemical content, and time. 10-seconds gel strength is called
the initial gel strength, and 10-min gel strength is called the final
gel strength. The drilling fluid should have an acceptable progres-
sive tendency to form gels. Fluids with growing gelification char-
acteristics reach higher viscosities in short periods as soon as the
circulation of the system starts after an operational shut-down
[20,24,25].

2.3.1. Rheometer

Bidirectional Brookfield DV3T Rheometer (Fig. 3) was used in
this study to measure the rheological characteristics of the pre-
pared drilling mud sample. To use the device, drilling fluid must be
filled to the cup, and the cone spindle must be brought down into
contact with the drilling mud. The gap is set precisely by the in-
strument so that when the spindle rotates, the subsequent shearing
action on the sample is accurately defined. YP determines when the
fluid is in static mode and the rotation is starting. Increasing torque
is then applied to the spindle by the rheometer until the cone
spindle starts to rotate. The shear stress at the moment the rotation
starts is called the YP. The rheometer rotates the spindle from low
speed to high speed to simulate different shear rates. Brookfield
DV3T rheometer with variable speed capability allows secure
handling and programming of complicated application measure-
ments. The DV3T Rheometer also tests materials' yield behavior,
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Fig. 3. DV3T Brookfield rheometer used in this study [26].

providing both a strain curve and a single yield stress value to
evaluate the products better. Controlled stress with the rotational
sensing transducer (RST) rheometers provides many benefits such
as an extensive viscosity measurement range, testing for yield
properties, and the ability to measure flow properties of delicate
high viscosity gels [26].

2.4. Experimental

Three sets of experiments, including rheological measurements,
static filtration investigations, and formation damage examina-
tions, were carried out to analyze the alyssum impact on drilling
fluids properties. Two types of drilling fluids were used to perform
these experiments: the base drilling fluid, which is composed of
water and bentonite, and the salty drilling fluid composed of brine
and bentonite. In fact, bentonite and salt are the two main additives
used in most of the drilling fluids as the inseparable part of water-
based drilling fluids. Besides, the tests were performed with muds
having different densities. Alyssum was added in regular and
powder form with different concentrations. Mud balance was used
to measure the weight of the drilling muds.

3. Results

3.1. The effect of alyssum on rheological properties of the drilling
fluid

Table 1 represents the components of the drilling muds used in
this study. Alyssum was used in two forms of regular and powder in
this study to enhance the rheological properties of the drilling
muds. Figs. 4 and 5 show the results for the regular and powdered
alyssum. Two mud weights of 64 and 65 pounds per cubic feet (PCF)
were used in this study. These muds were prepared by mixing
distilled water, bentonite 6.3 wt% for 1025.6 kg/m> (64 PCF) and
6.44 wt% for 1041.60 kg/m?> (65 PCF) muds) and alyssum (0, 0.5, and
1 wt%). NaCl with a concentration of 1.3 wt% was added to distilled
water to prepare the salty muds. Also, the Bingham model was used
to represent the rheological behavior of the muds. All regressions
showed the correlation coefficient, R>, of more than 0.93. As
observed, alyssum could increase the PV and YP of the prepared
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Table 1
Components of the drilling mud.
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Component Water Salt

Herbal Fiber Clay

Characteristics Distilled water

NaCl: Sodium chloride

Alyssum in regular and powdered  Sodium bentonite

Sabalan company 99.9% shape With the chemical formula of
Total dissolved solids (TDS): 0.02 ppm pH: 6.5 Merck company Al;H;Nay043Sis
=75 Reference code: 106406 Supplied from an Iranian oil rig
2.5x10° [ —— 64 PCF salty mud 20 —— 64 PCF salty mud
o —=— 65 PCF salty mud —— 65 PCF salty mud
< 2.0x10° | —e— 64 PCF m| —e— 64 PCF mud
% e 65 PCEA & 15 <#— 65 PCF mud
£ 15x10° =
S 2 10
= 1.0x10° 2
2 £
E 03— I H
0 0 - - g
0.0 0.5 4.0 1.5 0.0 0.5 4.0 1.5

Alyssum concentration/wt.%

(a)

Alyssum concentration/wt.%

(b)

Fig. 4. a) Plastic viscosities, b) Yield point of 64 and 65 PCF muds/salty muds formulated with different concentrations of regular alyssum.

4x10°
£ 3x0°
§ 2x10°
=
2
E] 1x10° —e— 64 PCF mud
a2 —=— 65 PCF mud

0 . .
0.0 0.5 4.0

Alyssum concentration/wt.%

(a)

Fig. 5.

drilling mud while it has almost no effect or the inverse one in the
presence of NaCl. Fig. 6 represents the plot of shear stress versus
shear rate for 1025.18 kg/m> base mud containing 0.5 wt% regular
alyssum as an example.

As observed, the addition of alyssum to the mud has increased
its PV and YP effectively. Therefore, the thixotropic properties of the
drilling muds can be improved by adding alyssum, where the
powdered form was more effective than the regular one, according
to Fig. 5. Also, as Fig. 4 shows, salt addition had a detrimental effect
on PV while YP was improved. Hydration of alyssum in water-based
muds is assumed to increase the PV by increasing the mechanical
friction between the hydrated bentonite layers. On the other hand,
salt's addition hinders the hydration of bentonite and probably
affects the alyssum hydration, thus inhibiting the improvements of
the drilling muds' PV. YP as the trends in Fig. 4 show has been
influenced in the opposite direction by adding salt, possibly
because of the signified electrostatic forces inside the drilling mud
that gives rise to its increased gelation at static condition.

Rheological properties of the drilling muds formulated with
higher concentrations of the regular alyssum in drilling mud,
namely, 5% and 10%, were also tested (see Table 2). Results revealed
that the PV and YP of the drilling muds are directly related to the
alyssum concentration were 10 wt% of alyssum has made excessive
increases.

According to the results obtained from the rheological investi-
gation, alyssum could be considered a green herbal additive to
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a) Plastic viscosities, b) Yield point of 64 and 65 PCF muds formulated with different concentrations of powdered alyssum.

improve the water-based drilling mud's rheological properties.

3.2. The effect of alyssum on drilling mud filtration and fluid loss
control

Wellbore stability problems are generally related to the quality
of the mud cake, especially in the case of water-based drilling muds
[11,27,28]. Many researchers have previously addressed this issue.
In this study, to investigate the effect of alyssum on filtration con-
trol characteristics of the drilling mud, standard filtration tests
were conducted using an API filter press for two types of drilling
fluids containing different concentrations of the alyssum. The used
alyssum was of regular type in these tests. The thickness of the mud
cake deposited on the surface of the filter paper was measured by a
caliper. Moreover, the spurt loss was measured. Giving the spurt
loss volume and the filtration loss after 7.5 min, filtration loss
volume after 30 min can be calculated by Eq. (4) [27].
V3o=2(V75—Vsp) + Vsp (4)
where Vg is the filtration loss volume after 30 min, V75 is the
filtration loss volume after 7.5 min, and Vs is the spurt loss volume.
Fig. 7 a, b, and c show the graphical representation of the filtration
experiments' data.

Table 3 summarizes essential parameters including Vsp, V75, V3,
and mud cake thicknesses for three different mud weights with
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Fig. 6. Shear stress versus shear rate for 64 PCF (1025.18 kg/m?>) base mud containing
0.5% regular alyssum.

Table 2
Rheological properties of the 1025.18 kg/m? mud with higher concentrations of the
regular alyssum.

Alyssum concentration (Wt%) Plastic viscosity (Pa-s) Yield point (Pa)

0.00004
0.00047

7.6
1344

5%
10%

various compositions to understand alyssum's impact as a filtration
control additive. Spurt loss can be obtained by extrapolating the
filtration loss to zero time. According to Table 3, alyssum could
reduce the filtration loss and be used as a Lost Circulation Material
(LCM). Moreover, Fig. 7 shows an optimum concentration for the
alyssum (0.5 wt% in this case) that yielded the lowest filtration
volume after 30 min. Moreover, increasing the mud weight nega-
tively affected the performance of alyssum by increasing the
filtration volume.

It must be mentioned that the base mud in Fig. 7 contains water
and bentonite. Mud weights of 1025.18 kg/m? (64 PCF), 1041.20 kg/

Petroleum 8 (2022) 509—515

m?3 (65 PCF) and 1089.25 kg/m’ (68 PCF) were prepared by adding
6.3, 6.44 and 9.9 wt¥% of bentonites, respectively.

3.3. Impact of alyssum on the formation damage

Every drilling operation imposes damage to the nearby forma-
tion, which is mostly related to the drilling fluid. Damages like
mechanical pore throat plugging by drilling fluid particles, chemi-
cal precipitation due to a chemical reaction between the drilling
fluid and the formation fluids would cause unwilling induced
deposition, hence decreasing the permeability [29—31]. Therefore,
every new additive must be examined in terms of formation
damage tendency. To investigate the drilling mud's damage po-
tential formulated with regular alyssum, formation fluid was syn-
thesized in the lab and placed in contact with drilling mud for an
hour in a water bath at 80°C. They were then mixed in equal pro-
portion, and to simulate the reservoir conditions, they were placed
again in the water bath for 3 h at 80°C. Finally, the resulting mixture
was passed through a filter paper to separate the precipitated
materials. The difference between the dry filter paper's weight and
the filter paper containing the solid particle gives the precipitation
and, consequently, a measure for formation damage. Table 4 shows
the results. Base mud in this Table was prepared with water and
bentonite in which 6.44, 7.3, and 9.9 wt% of bentonite was used to
prepare 104120 kg/m? (65 PCF), 1057.22 kg/m® (66 PCF) and
1089.25 kg/m> (68 PCF) mud respectively and 1.3% wt% NaCl was
used for the salty muds. The extent of the reservoir damage was
indicated by a damage index (DI) obtained by dividing the filter
papers' weight difference by their dry weight.

According to Table 4, alyssum induced some formation damage
due to the filter paper's weight increase. Although the formation
damage induced by the muds containing 0.5% alyssum was not
noticeable, increasing alyssum concentration increased the dam-
age. Moreover, the addition of salt caused a slight increase in the
amount of formation damage.

It must be noted that the alyssum seeds' swelling provides a

15 1 I5r
—e— Base mud —e— Base mud
. —a— 0.5 wt.% Alyssum . —=— 0.5 wt.% Alyssum
£ —— | wt.% Alyssum 5 —»— 1 wt.% Alyssum
S 10 f 2 10 g
=] =]
= =
= 2
R g 5
&= e g
0 . . . 0 . . . )
0 2 4 6 8 0 2 4 6 8
Time/min Time/min
(a) (b)
40
—e— Base mud
. —a— 0.5 wt.% Alyssum
‘5 30T Alyssum
]
=]
= 20
1)
B
= 10 |
0 \ A ) )
0 2 4 6 8
Time/min

(©)

Fig. 7. Filtration loss of drilling mud (a) 1025.18 kg/m? (64 PCF), (b) 1041.20 kg/m? (65 PCF), (c) 1089.25 kg/m? (68 PCF).
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Table 3
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Summary of important parameters including Vs, V75, V3o, and the mud cake thicknesses for three different mud weights with various compositions.

Parameters Filtration loss volume (cm?®)  Filtration loss volume (cm?) for base mud Filtration loss volume (cm?) for base mud
Mud Weight for base mud containing 0.5 wt% alyssum containing 1wt % alyssum
(kg/m?)

Vep 2.50 1.70 3.0
1025.18 Vs 12.60 12.10 9.30

V3o 24.00 17.00 21.00

Mud cake 0.00014 0.00019 0.00021

Thickness (m)

Vsp 2.50 1.10 1.50
1041.20 V75 12.60 7.90 8.70

V3o 23.00 15.00 16.00

Mud cake 0.00015 0.00284 0.0034

Thickness (m)

Vep 6.50 5.00 7.00
1089.25 Vs 37.50 26.50 26.50

V3o 69.00 49.00 48.00

Mud cake 0.0094 0.00134 0.005

Thickness (m)

Table 4
Results obtained from formation damage experiments.
Drilling Mud Mud weight (kg/m?) Filter paper's dry weight (w;) (gr) Final paper's final weight (w-) (gr) DI (%) =
100(wy — wy)/wy

Base mud 1041.20 0.6261 0.7754 23.84
Base mud + 0.5% alyssum 1041.20 0.6020 0.7455 23.84
Base mud + 1% alyssum 1041.20 0.5881 0.7909 34.48
Base mud + Salt 1057.22 0.5896 0.7377 25.12
Base mud + Salt + 1% alyssum 1057.22 0.6206 0.8066 29.97
Base mud + Salt + 0.5% alyssum 1089.25 0.5972 0.7617 27.55
Base mud + Salt + 1% alyssum 1089.25 0.6144 0.8295 35.01

pivotal role in the drilling muds' rheological properties and their
colloidal stability, provided that the optimum concentration has
been determined.

4. Conclusions

As an eco-friendly and cost-effective herbal fiber, alyssum has
been examined in this study to improve the rheological behavior
and filtration properties of water-based drilling muds. Results
revealed that by adding 0.5 wt%, alyssum could reduce the filtration
loss of drilling mud. Increasing mud weight increased filtration loss.
Thus, the optimum concentration of alyssum must be added to get
the lowest filtration volume. An attempt was also made to study the
formation damage tendency of the drilling muds formulated with
alyssum, which showed that the damage induced by adding this
additive was insignificant. In terms of rheology, alyssum affected
mud rheological behavior by increasing its plastic viscosity, yield
point, and other related characteristics. Based on the results ob-
tained from this study, alyssum, being cheap and eco-friendly, can
be considered a proper additive compared to other commercial
additives.
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