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Abstract

Filtration loss control, rheology properties, and a good knowledge of the sealing integrity of water-based drilling muds (WBDM) 
are some of the important factors for successful drilling operations, particularly when considering high-pressure and high-
temperature (HPHT) fields. Although various research carried out in the past have shown that the application of nano-silica 
particles (NSP) on water-based muds improves filtration control, the impact under high pressure and high temperature with 
Polyanionic Cellulose Low Viscosity (PAC-LV) is undermined. This study assesses the interaction between NSP and PAC-LV on 
the rheology and filtration control of complex water-based drilling muds (WBDM) under high-pressure high temperatures. 
Furthermore, an attempt was made to examine the sealing integrity of SNP when combined with PAC-LV on the WBDM in a 
1mm simulated fracture for 10 minutes, and the findings were compared with the widely used nutshell. This was done using 
a stainless-steel slotted filter disk. The yield point, apparent viscosity, and plastic viscosity of the WBDM were all improved 
by 403%, 318%, and 414%, at 78oF and 393%, 285%, and 577%, at 450oF respectively, according to the data. The fluid loss 
of the WBDM was reduced by 64% and 62% at 78oF and 450oF respectively, aging showed a slight decline in the effect. The 
experimental results demonstrated that the inclusion of an optimal concentration of PAC-LV lowers the risk of differential 
sticking and stops formations from sloughing into the wellbore. Finally, it should be emphasized, that the NSP and PAC-LV in 
the drilling mud improved the seal integrity and produced better results than the frequently employed nutshell while also 
being more resilient to deformation.  

Keywords: Polyanionic Cellulose Low Viscosity (PAC-LV); Nano-Silica Particles (NSP); Water-Based Drilling Muds (WBDM); 
Filtration Control

Abbreviations: WBDM: Water-Based Drilling Muds; 
HPHT: High-Pressure and High-Temperature; PAC-LV: 
Polyanionic Cellulose Low Viscosity; NSP: Nano-Silica 
Particles.

Introduction

To meet the rising demand for oil and gas, the exploration 
and production (E&P) sector is searching for new resources 
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in unexplored regions and deeper formations. The success 
of any drilling operation depends on the effectiveness of the 
drilling mud design. So, the drilling operation’s efficiency 
is influenced by the mud’s properties, which must be 
able to withstand bottom-hole HPHT (high pressure, high 
temperature) conditions. Additionally, most drilling issues 
are primarily due to improper choice and poor drilling fluid 
design. There have been many studies to improve rheology 
and the filtration control of water-based muds through the 
application of nanoparticles [1-3]. Drilling fluids (also known 
as drilling muds) are pumped as fluid spray from the nozzles 
of the drill bit from the surface through the drill string, down 
the borehole, and up toward the surface through the annulus 
between the hole and the drill string [4-7]. Drilling muds 
perform several functions that must be optimized to ensure 
a safe drilling operation with minimum hole problems, 
including the prevention of formation damage, as well as 
the suspension of cuttings and weighting materials [7,8]. 
Maintenance of the rheological and filtration properties of 
water-based mud during drilling operations is crucial.

Several substances, such as polymers, salts, inhibitors, 
and weighing agents, are added to the mud to optimize its 
qualities. The properties of drilling fluids are improved when 
additives are added, by forming a filter cake with lower 
permeability. The failure of drilling mud to meet its design 
functions especially when subjected to high temperatures 
can lead to loss of materials and time, as well as compromise 
the successful completion of the well [9,10]. Drilling activities 
face technical challenges, the most notable of them arguably 
being drilling fluid loss [2]. Drilling fluid loss can simply be 
described as the phenomenon where the liquid component of 
the drilling fluid (commonly referred to as mud) infiltrates into 
the permeable rock formations encountered during drilling 
operations [10]. Drilling fluid loss would cause increases in 
the drilling cost. The cost of a drilling mud system is one of the 
most expensive factors to consider when drilling a new well, 
especially in difficult formations [6,2]. Irrespective of the true 
financial implication in this area, a significant percentage of 
the overall unproductive cost evaluated when drilling a well 
is due to circulation loss and fluid loss issues. For the overall 
satisfaction of the economics, a more effective drilling method 
must be followed by operators [2]. Maintaining the bentonite 
dispersion, which calls for the use of suitable dispersants, 
is essential to achieve the proper rheological and filtration 
characteristics for muds exposed to high temperatures. 
To keep the particles disseminated in the solution, some 
thermally stable polymers or other additives are added to the 
mud system [5-7]. The rheological qualities of the drilling fluid 
are extremely important since they influence the pressure 
drop in the drilling bit and the well’s bottom hole cleaning [1].

Nanotechnology has the capacity to enhance the drilling 
fluid operation for drilling deeper depths. Small size (1-100 

nm), high specific surface area, optical, thermal, electrical, 
mechanical, and good adsorption capabilities are just a few 
of the unique characteristics that nanoparticles display. It is 
cost-effective for any industrial application due to the tiny 
number of nanoparticles. Nanoparticles were successfully 
tested in drilling fluid to regulate mud rheology, minimize 
mud invasion into the formation, and produce a thin 
and compact filter cake [11-13]. This is accomplished by 
constructing a tiny filter cake with low permeability to seal 
holes and other openings in the penetrated structure [14-
16].

Polymers such as starch, xanthan, gum xanthan, cellulose, 
and PAC-LV are commonly used as additives in water-based 
drilling muds to modify their properties and enhance their 
performance in drilling operations [2,12,17]. According to 
a study by Nyeche W, et al. [18], the combination of PAC-
LV and potato starch in equal amounts is the best additive 
for enhancing the fluid loss control capabilities of drilling 
mud. With only a slight increase in viscosity, better thermal 
stability of mud has also been seen for this combination. Also, 
polymers are often added to the drilling fluid to get adequate 
properties to ensure numerous functions and facilitate a 
good drilling operation process [3,19,20]. Furthermore, the 
polymers’ addition to drilling fluids provokes an important 
rheological properties modification.

The aim of this paper is to prepare a nano-silica-based 
fluid with Polyanionic Cellulose (PAC-LV) of different 
concentrations and measure the rheological impact and 
filtration control on developed water-based drilling mud 
(WBDM) and compare the result to those of bentonite–based 
system. The outcomes of this study revealed that NSPs and 
PAC-LV hybrid potentially improved the rheological and 
filtration properties of bentonite-based drilling fluid most 
especially for lost circulation treatment when compared 
with the widely applied industrial nutshell.

Materials and Methods

Bentonite, nutshell, barite, nano silicon, and Polyanionic 
Cellulose Low Viscosity were purchased from Royal Co. Ikeja, 
Nigeria, and other chemicals and materials used were from 
the departmental mud laboratory, they were highly pure. 
Bentonite clay is used as a mud viscosifier, nanoparticles 
work as a perfect bridging agent due to their tiny sizes, and 
the PAC-LV is a high-quality, water-soluble polymer designed 
to control fluid loss.

Hierarchy of Apparatus

•	 OFITE Model 800 Viscometer
•	 Mud balance
•	 LPLT (Low Pressure Low Temperature) Filter Press

https://medwinpublishers.com/PPEJ/
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•	  HPHT (High Pressure High Temperature) Filter Press
•	 HI 2211 pH/ORP meter

Formulation of Drilling Fluid Samples

The mud samples used for the purpose of this paper 
publication were all prepared in-house. Seven mud samples 
were prepared, all containing five weight-percent (5.0 wt.%) 
bentonite in 350ml of fresh water. The mixture was stirred 
with a constant speed mixer for 30 minutes at a speed of 
12,000rpm using a Hamilton Beach mixer. then, nano silica 
was added to the mud samples in different concentrations 
and then stirred for 10 min to achieve a homogeneous 
solution. PAC-LV as a filtrate control additive was added in 

various concentrations to further investigate mud properties. 
The solution was then finally mixed using a homogenizer for 
about 30 minutes. Large surfaces of nano silica and the pH 
of the aqueous solution are crucial factors, thus, 1 weight 
percent of sodium hydroxide (NaOH) was added to the mud 
to regulate the pH. For the purposes of this experiment, a pH 
range of approximately 8–10 is appropriate. The elements 
listed in Table 1 with their constituents and abbreviated 
names were used to prepare drilling mud samples. According 
to the American Petroleum Institute’s test protocols, tests on 
these criteria were undertaken [17]. The mud properties 
were determined before (78oF) and after (450oF) thermal 
aging process.

Sample Abbreviation
5wt% Bentonite Water-Based Fluid (WBF)

5wt% Bentonite + 0.5 wt. % (1.7g) nano-silica N-0.5
5wt% Bentonite + 1.0 wt. % (3.5g) nano silica N-1.0
5wt% Bentonite + 2.0 wt. % (7.0g) nano silica N-2.0

5wt% Bentonite + 0.5 wt. % (1.7g) nano silica + 0.5 wt. % (1.75 ml) PAC-LV P-0.5
5wt% Bentonite + 1.0 wt. % (3.5g) nano silica + 1.5 wt. % (5.25 ml) PAC-LV P-1.5
5wt% Bentonite + 2.0 wt. % (7.0g) nano silica + 2.5 wt. % (8.75 ml) PAC-LV P-2.5

Table 1: Component of WBF, NSP, and PAC-LV drilling fluid and proposed abbreviated titles.

Rheological Measurement

Rheological properties of the drilling fluid have a great 
impact on drilling parameters such as it is carrying capacity, 
hole cleaning, and regulating the pressure drop. Observing 
and controlling mud rheology is one of the most important 
tasks that must be carried out when trying to achieve effective 
drilling. The effect of nano-silica particles and the polymer 
additives on the mud rheology was observed and recorded 
at ambient pressure using the viscometer. The fluid to be 
investigated was put into the viscometer cup and then put in 
the appropriate position allowing the sleeve of the viscometer 
to be submerged in the fluid, and the mud was sheared at a 
constant rate between the outer sleeve and the inner bob. In 
this investigation, a rotational viscometer (model: 800) was 
used to investigate the rheological characteristics of seven 
samples, base fluid (BF); BF and varying concentrations of 
nano-silica particles (NSP); and BF, varying concentrations of 
NSP, and PAC-LV. The rates at which the viscosity tests were 
taken were 600, 300, 200, 100, 6, and 3 rpm. The following 
equations were used to determine the rheological properties 
of the drilling mud formulated, namely, plastic viscosity (), 
yield point , and apparent viscosity  

600 300pµ θ θ   (1)

300p pY θ µ   (2)

600

2app
θ

µ   (3)

Where 600è  and 300è  are dial readings at 600 and 300 
rpm, respectively. Also, the gel strengths were determined 
across a range of time intervals, and then the dial readings 
for the subsequent 10 s (for Gel 10 s) and 10 min (for Gel 10 
min) were recorded at 3 rpm. The relationship between the 
fluid’s shear stress and shear rate determines the rheology 
of the drilling fluid. The shear stress-shear rate behavior of 
drilling muds has recently been described using a variety 
of models. Equation 4 below displays the Bingham plastic 
model [21]. 

k nτ γ  (4)

log log logk nτ γ   (5)

p oτ µ γ τ   (6)
Where:

𝜏 = the shear stress (Pa)
𝜇p =  plastic viscosity, mPa.s (cp)
𝜏 o =  yield point, Pa.sn or lb/100ft2

𝛾 = shear rate, Sec-1.
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Filtration-Loss Measurement

The filtration test for drilling fluids was performed in 
accordance with API standards using a standard API filter 
press (model: GGS 42-24) at room temperature for 30 
minutes at a pressure of 100 psi (0.69 MPa) (13B-1 2017 
API). The filtrate was collected in a measuring cylinder, and 
its volume (in ml) was noted. The employed filter paper 
has a 45 mµ  particle size retention. The thickness of each 
filter cake was measured in millimeters (mm) after it had 
been carefully rinsed with water to eliminate any remaining 
liquids (mm). Utilizing the fluid-loss volumes at various 
times using equation 10 [22,23].

 KA Pq
hµ
Ä

  (7)
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q =  Filtrate flow rate (cm3/sec)
K =  Permeability (darcies)
A =  Area, cross-sectional (cm2)

PÄ  =  Pressure differential (atmospheres)
µ  =  Viscosity (cP)
h =  Thickness of filter cake (cm)

 FV =  Volume filtrate
SLDS MUDF  =  Volume fraction solids in mud
SLDS CAKEF  =  Volume fraction solids in filter cake

t =  Time
2FV =  Unknown filtrate volume at time t1

1FV =  Filtrate volume at time t2
t2=  Time period of interest
t1=  Time period for 1FV

High-temperature, high-pressure (HTHP) filter press 
and filter paper (pore size: ) were used to measure the high-
temperature, high-pressure (HTHP) filtration-loss volumes 
at drilling fluid temperatures of 180 and 450 °F and a 
differential pressure of 500 psi. Following the API standard, 
the filtrate volume was taken after 30 min for each sample 
[24].

Determination of the Permeability of the Filter 
Cake

The filtration performance of a created filter cake is 
assessed using the permeability of the filter cake and its 

specific volume (which is the filter cake volume divided by 
the filtrate volume). Superior filtration performance relates 
to the development of a compact/thin filter cake with low 
permeability. Darcy’s law in the form of eq. 11 was used to 
evaluate the permeability () of the filter cake [24,25].

t t
1k Q lì

2PFtc

 
   
 

 (11)

where tQ  is the quantity of the filtrate volume (cm3) 
separated after time t, tl is the thickness of the filter cake 
(cm), ì  is the viscosity of the filtrate (cP), P is the filtration 
pressure (atm), t is the time (s), and F is the effective filter 
surface (cm2).

Test of Bridging Materials

This experimental study is designed to closely represent 
the actual sealing procedure and lost circulation issues by 
simulating the drilling environment. The developed NSP 
and PAC-LV were tested according to industry standards 
in accordance with API RP Bulletin 13B-1 Specification of 
Bridging Materials for regaining circulation. According to 
the procedure stated by Jeennakorn M, et al. [26] in his 
publication, the temperature of 450 F was applied in the 
bridging material test cell to create a high-temperature 
condition throughout the drilling operation [26]. To 
evaluate whether the formulated NSP and PAC-LV mud 
system has potential lost circulation material, a straight-
slotted filter disk that can simulate 1 mm fractures was 
chosen. For the sudden discharge of the mud cell, it was 
connected to a graded (3500 ml) plastic container with an 
inlet and outlet. Pressurized nitrogen gas was supplied to 
the test cell to supply pressure to the bridging material test 
apparatus as shown in Figure 1. With a perforated plate 
and sleeves to support the marble bed that had been taken 
from the cell, a 1 mm disk was selected and inserted into 
the valve outlet. The pressure cell was filled with the mud 
samples, heated to 450F, and then the pressurized nitrogen 
cylinder valve was opened to the atmosphere. Adding fluid 
at a continuous flow rate of 25 ml/min for 40 s activates 
the seal, which lasts for 60 s. Until a rapid increase in the 
injected pressure is noticed, the step is repeated. This rise 
in pressure indicates the development of the seal, and the 
procedure continues until the pressure reaches 100 psi. 
Finally, the seal is strengthened and checked for integrity 
by injecting mud until the pressure reaches 500 psi and 
then stopping for 60 seconds. The pressure is increased 
by 500 psi each time this phase is performed until the seal 
fails and the cylinder is empty. Following the completion of 
the testing, the created seals were taken from the straight 
slotted filter disk, and the final volume was recorded. The 
seal integrity was then evaluated.

https://medwinpublishers.com/PPEJ/
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Figure 1: Simplified apparatus of Bridging Materials Test [27].

Results and Discussion

Impacts of NSP and PAC-LV on the Rheology and 
Filtration Control of WBF

Seven different concentrations of water-based drilling 
fluid with additives were prepared and investigated. Hence, 

for drilling operations to be successful and to guarantee the 
safety of the environment, and other stakeholders, drilling 
fluid additives must be managed and monitored correctly. 
This is important as it plays a vital part in the penetration 
rate, stability, and capacity to clean the borehole.

Properties Units WBF WBDM +NP (wt.%) WBDM+NP+PAC-LV (wt.%)
   N-0.5 N-1.0 N-2.0 P-0.5 P-1.5 P-2.5

Mud Weight ppg 8.3 10.3 10.4 10.5 11.2 11.3 11.5
Apparent Viscosity cP 14.3 16.34 17.34 18.3 49.36 56.45 59.5

Plastic Viscosity cP 8.95 20.62 25.35 32.5 34.36 37.48 46
Yield Point lb/100ft2 5.07 6.7 7.51 8.09 13.54 22.57 25.5
GS @ 10s lb/100ft2 8 10 10 11 14 18 19

GS @ 10mins lb/100ft2 8 10 12 13 17 19 20
PH  8.7 8.71 8.87 8.87 8.56 8.5 8.37

LPLT Filtration Loss Volume ml 26.8 21 20 16 14 12.2 9.6

Table 2: The measured mud properties at different concentrations (78o F).

Properties Units WBF WBF+NP (wt. %) WBF+NP+PAC-LV (wt. %)
   N-0.5 N-1.0 N-2.0 P-0.5 P-1.5 P-2.5

Mud Weight ppg 8.1 10.1 10.3 10.5 11.1 11.2 11.4
Apparent Viscosity cP 12.5 13.95 14.8 15.9 27.21 41.3 48.4

Plastic Viscosity cP 9.25 19.34 24.7 28.3 32.65 34 40
Yield Point lb/100ft2 5.07 5.17 7.04 7.98 12.87 21.7 25
GS @ 10s lb/100ft2 8 9 9 10 13 15 18

GS @ 10mins lb/100ft2 8 9 10 11 15 18 19
PH  8.71 9.89 8.64 8.5 8.56 8.42 8.22

Filtration Loss Volume ml 26.8 22 21 16 14 13 10

Table 3: The measured mud properties at different concentrations (450oF).

https://medwinpublishers.com/PPEJ/
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The Weight of Drilling Mud

The density of drilling mud, often referred to as mud 
weight in the oil and gas industry is presented in Tables 2 
and 3 at different concentrations of NSP and PAC-LV. The mud 
density of the WBF was observed (9.3 ppg) to increase with 
an increasing concentration of the NSP and PAC-LV between 
10.3 and 11.5 ppg before aging and 10.1 to 11.4 ppg after 
aging with the WBF at 8.1 ppg. Therefore, the density of the 

mud base increases from 24.1% to 38.6%, at 78oF, however, 
after aging (Table 3) it increases from 24.69% to 40.74%. 
Furthermore, as seen in Figure 2, these densities are lower 
than they were before aging, which indicates the weakening 
of the NSP and PAC-LV particle-mud connections due to the 
increased temperature [28]. The observed decrease in the 
densities of the NSP and PAC-LV mud samples is, however, 
rather slight, and it won’t result in wellbore collapse [29].

Figure 2: Mud weight of the drilling fluids.

The Apparent Viscosity of Drilling Mud

As clearly shown in Tables 2,3, the results of the AV for 
different concentrations of NSP and PAC-LV were compared 
with the water base fluid. The AV value for WBF is 14.25 cp 
and increases slightly with 0.5, 1.0, and 2.0 wt.% of NSP by 
14.67%, 21.68%, and 28.6% respectively, and noticeably 
increases with 0.5, 1.5, 2.5 wt.% of PAC-LV by 246.4%, 

296.1%, and 317.5% respectively. In line with recent 
research work by Blkoor, the authors claimed that fluid with 
a high bentonite content exposed to hot rolling in the oven 
encourages the creation of a gel structure, which raises the 
AV [29]. However, both before and after thermal aging, the 
AV is increased by the NSP and PAC-LV content. The 2.5 wt. % 
PAC-LV was observed to have the highest margin of increase 
in the AV of the WBF (506.9%).

Figure 3: Apparent viscosity of drilling fluids.

https://medwinpublishers.com/PPEJ/
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To determine the temperature resistance of additives 
in bottom-hole conditions, as seen in this investigation 
following thermal aging (Figure 3), drilling muds often 
showed a reduction in viscosity (AV and PV) and YP with an 
increase in temperature. The AV display in Table 3 is a little 
lower than the AV displayed in Table 2 with 0.5, 1.0, and 2.0 
wt.% of NSP by 11.20%, 17.61%, and 26.6% respectively, 
and with 0.5, 1.5, 2.5 wt.% of PAC-LV by 116.9%, 229.6%, and 
285.8% respectively. This might be explained by the PAC-
LV’s exceptional heat resistance, which allowed its structure 
to maintain stability even at increasing concentrations 
during thermal aging [30]. The intermolecular interactions 
in the mud samples have weakened with an increase in 
temperature, the reason for the reduction in viscosity [31]. 
The extended contact between PAC-LV long molecular chains 
with nano silica particles leads to enhanced intermolecular 
attractions that contribute to the resistance, hence, it can 
be inferred that the PAC-LV will be suitable for a high-
temperature environment [6,30].

The Plastic Viscosity of Drilling Mud

The effect of NSP and PAC-LV on PV of the WBF was shown 
in Tables 2,3, PV stops drilling mud leaks into formations. The 
WBF PV of 8.95cp increased after the addition of 0.5 wt.%, 
1.0 wt.%, and 2.0 wt.% nanoparticles and 0.5, 1.5, 2.5wt% 
PAC-LV to 20.62, 25.35, 32.49 cP and to 32.36, 37.48, 45.98 
cP for 78°F respectively. The capacity of water molecules to 
interact directly with polymeric chains and other additives 

via hydrogen bonds with their hydrophilic groups is the 
theory supporting the WBM’s viscosity [30]. Additionally, 
after thermal heating, the PV of the WBM increased by a 
range of 189.5% to 357.7% with NSP concentrations and 
between 439.5% and 577.6% for PAC-LV (Figure 4). As NSP 
and PAC-LV concentration increases, it strengthens the bonds 
between the bentonite-clay layers and maintains the forces 
of attraction between the plates with a more significant 
impact on the PV of the complex drilling muds at both 78oF 
and 450oF temperatures [32,33].

The Bingham plastic model fits the fluid properties 
illustrated in this paper. Since the PV of PAC-LVs-based mud 
is greatly influenced by the solids and clays present in the 
mud, the PV values presented in Tables 2,3 might be favored 
for drilling practice, demonstrating that the addition of PAC-
LV can resist high-temperature settings.

The combination of PAC-LV and NSP in a drilling mud may 
produce the desired fluid properties needed for drilling in 
a high-temperature environment. The average molecular 
weight of nonionic cellulose compounds like PAC-LV 
containing -OH groups, which the NSP may bond with, 
allowing the compounds to absorb on the surface of the clay 
particles and aid in the particles’ adhesion to one another. 
This may lead to an increase in the particles’ intermolecular 
strength, which in turn may enhance the liquid’s viscosity 
[34].

Figure 4: Plastic viscosity of drilling fluids.

The Yield Point of Drilling Mud

The capacity of the drilling fluid to transport the drilling 
cutting to the surface is measured by the yield point, it 
denotes the mud’s ability to prevent pipe sticking issues. The 
increase in the concentrations of NSP and PAC-LV leads to an 
increase in the yield point of WBF before and after aging as 
shown in Tables 2 & 3. The incredibly small size of NSP which 

led to a large surface area serves as a site for bonding with 
other mud molecules, generating a rigid network for the yield 
point improvement. The increase in the concentration of 
PAC-LV has shown proper control of drilling mud for efficient 
hole cleaning [15,35]. The yield points 5.07lb/100ft2 of the 
WBF system were increased by 167.1, 345.1, and 403.6% 
at 78oF and 153.8,328.8, 393.1% at 450oF with different 
concentrations of NSP and PAC-LV, respectively as shown 
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in Figure 5. The increase in the yield point of the base mud 
when NSP and PAC-LV were present shows their impact on 
the drilling mud.

The concentrations of the NSP and PAC-LV in WBF may 
be an excellent choice for effective cuttings transport and 
wellbore cleaning if used in accordance with API regulations 

[17], then we can deduce that the yield point levels should 
range from 5 to 30 lb/ 100 ft2. Therefore, it can be concluded 
that the combination of NSP and PAC-LV showed a significant 
level of heat resistance with increasing concentration along 
with the increase in apparent viscosity, plastic viscosity, and 
yield point.

Figure 5: Yield point of drilling mud.

The Gel Strength of Drilling Mud

Gel strength is a significant property that indicates the 
capability of the mud to lift cuttings to the surface. Drilling 
fluids must possess the capacity to suspend the drill cuttings 
to prevent them from settling at the bottom hole [13]. Tables 2 
& 3 shows the effect of the concentration of the NSP and PAC-
LV on the initial and 10-minute gels of the formulated WBFs. 
The combination of NSP and PAC-LV also had a temperature 
resistance feature that helped keep the GS intact during 
drilling operations and ensure that the drilled cuttings were 
suspended properly, preventing sagging issues. The GS at 
10s of the WBF of 8 lb./100ft2 increased by 37.5% with the 
addition of 2.0 wt. % and 62.5% with 2.5 wt. % of PAC-LV 
(Figure 6), while the GS at 10 min increased by 137.5% with 

NSP and 150% with PAC-LV (Table 2). For the 10sec and 10 
mins, GS conducted after aging as shown in Figure 7, the 
percentage of increase with the addition of 2.0 wt. % NSP and 
2.5 wt. % of PAC-LV is 18 lb./100ft2 (125%) and 19 lb./100ft2 

(137.5%) respectively. This implies that the addition of NSP 
and PAC-LV has the capacity to improve and strengthened 
the viscosity of the gel immensely in the mud solution [14]. 
The hydrogen bonds between the water molecules and the 
-OH formed on the surface of the nanoparticles improved 
the characteristics, which undoubtedly enhance the gel’s 
quality [36]. Additionally, the nanoparticles have a negative 
charge, and the -OH are bound by electrostatic attraction. As 
a result, increased gel hydrophilicity was achieved through 
electrostatic attraction and hydrogen bonding, which 
increased the water-bound ratio [37].

Figure 6: Initial gel strength of drilling mud.
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Figure 7: Gel strength (10 mins) of drilling mud.

Evaluation of Filtration Properties

The amount of water lost from the drilling fluid to 
the reservoir formation is referred to as mud filtration. 
Maintaining wellbore stability, managing formation damage, 
and assuring drilling effectiveness all depend on effective 
filtrate loss control. It is possible to reduce or eliminate wall 
sticking and, in some cases, increase wellbore stability by 
properly controlling filtrate loss [38]. The behavior of the 
mud samples investigated under LPLT and HPHT settings is 
shown in Figure 8. According to the results, when NSP was 
added to base mud, the amount of filtrate loss was reduced. 
This is because NSP could enter pores that are inaccessible 
to larger particles, which lowers the permeability of the 

bentonite particles and, in turn, lowers the volume of fluid 
lost [29,39]. Also, the addition of PAC-LV provides synergistic 
effects when used alongside NSP in improving rheology 
and fluid loss control of the mud. The mud samples mixed 
with NSP and PAC-LV were tested for 45 minutes under API 
conditions, with the addition of 0.5, 1.0, and 2.0wt% of NSP, 
the filtrate loss was best decreased from 26.8 ml of WBF to 
21 ml (21.6%), 20 (25.7%) and 16 ml (40.3%) respectively. 
Relatedly, the inclusion of 0.5, 1.0, and 2.5 wt.% of the PAC-LV 
to the formulated mud reduced the amount of filtrate loss of 
the base mud further to 14 ml (47.7%), 12.2 ml (54.4%) and 
9.6 ml (64.2%) respectively.

Figure 8: Filtrate loss volume (FLV) at LPLT and HPHT of drilling fluids.

Due to the presence of NSP and PAC-LV in the mud 
samples, the impact of high temperature was not noticeable 
in the base mud and is not significant in the mud samples, 
this explains the thermal stability of the mud. A rise in 
temperature can reduce the viscosity of the liquid phase, 
which can increase filtrate loss. However, aging (Figure 8) 
showed a slight decline in the effect, the American Petroleum 

Institute [17] nevertheless considered the result to be within 
the acceptable field practice range for high-temperature 
settings. The filtrate loss control was increased to 22 ml, 21 
ml, and 16 ml, for the 0.5 wt.%, 1.0 wt.%, and 2.0 wt.% NSP in 
the base mud and 14 ml, 13 ml, and 10 ml for the 0.5 wt.%, 1.0 
wt.%, and 2.5 wt.% PAC-LV in the base mud respectively. This 
demonstrates that the NSP and PAC-LV stabilized the base 
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mud during its thermal treatment at 450oF and maintained 
sealing effectiveness in hot drilling settings while reducing 
fines and mud migration into the drilled formation [16,27]. 
Finally, as displayed in Tables 2 & 3 the filtrate loss control 
results demonstrated the successful reduction in the amount 
of fluid seepage into the formation initially Using NSP. The 
addition of PAC-LV synergistically dispersed through the -OH 
groups and potentially clogs the filter paper’s pore spaces, 
less filtrate will penetrate through the hydrophilic layer 
[27,34].

Evaluation of Loss Circulation of NSP and PAC-
LV

An approximated production zone rock matrix was 
simulated with a slotted stainless-steel filter disk to 
determine the performance of NSP and PAC-LV in regulating 
lost circulation at various concentrations. The results 
of the filtrate loss volume of NSP and PAC-LV at various 
concentrations in comparison to the water base fluid in 1 mm 

simulated fracture for 10 minutes were displayed in Figure 9. 
The outcome demonstrates that the mixture of NSP and 
PAC-LV minimized fluid loss better than base mud, and its 
performance improved with increasing concentration. With 
the addition of 0.5, 1.0, and 2.0 wt. % of NSP, the basic mud 
loss volume was reduced by 45, 50.7, and 62.4%, again the 
addition of 0.5, 1.0, and 2.5 wt. % of PAC-LV to the existing 
mixture, the basic mud loss volume was reduced further by 
65, 80.7, and 94.4% respectively. This is because numerous 
particles entered the fracture at once and came together 
easily to complete the connecting, plugging, and shutting 
process, Also, along with the increase in the additive’s 
concentrations, better sealing performance is noticed. As 
a result, at lower concentrations NSP, cannot contact each 
other seamlessly, leaving a significant void in the filter cake 
(Figure 11), whereas at higher concentrations, the densely 
packed sheets can interlock to significantly reduce the 
amount of fluid seeping into the reservoir formation [27,40]. 
Additionally, the addition of fibers can improve the shear 
strength and cohesive forces of drilling fluid [26].

Figure 9: Mud loss of WBDM against Time (T 450oF; P = 500 psi).

Comparison of the Filtrate Loss Results with 
Respect to Time

Filtrate loss is a phenomenon that occurs during drilling 
operations, when mud seeps into the formation being 
drilled, and loses some of its efficiency by leaving behind 
solid particles. The ability of the formulated WBF to control 
filtrate loss is evaluated and compared with the conventional 
nutshell mud system used in the industry at the same 
concentration of 1.0 wt. %. Also, the seal integrity of the 
mud systems was examined, and it took 10 minutes in total, 
which is within the bounds of earlier work by [27,41]. The 

combination of NSP and PAC-LV are confirmed as the best 
lost circulation material when compared with conventional 
nutshell, and NSP mud system WBF was used as the control 
mud as shown in Figure 10. Considering the smaller particle 
size of NSP and the liner from PAC-LV, the formulated WBF 
isolate loss zone, giving a significant reduction in fluid loss 
and as such was able to withstand the local deformation [38]. 
Although both nutshells, and NSP improve the sealing ability 
of the mud but the addition of PAC-LV to NSP mud system 
significantly improve the sealing ability of the foundation 
mud [42,43]. 
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Figure 10: Comparison of the filtrate loss in 1 mm simulated fracture for 10 minutes (T 450oF; P = 500 psi).

Figure 11: Mud cake for sample containing 2.0 wt.% NSP, 
and 2.5 wt.% PAC-LV.

Conclusion

This study investigated how different concentrations 
of NSP and PAC-LV in the formulated WBF system affected 
the rheological and filtration properties at 80oF and 450oF. 
Additionally, their sealing integrity was examined using a 
bridging material test in a simulated production zone with 1 
mm fractures, contrasted with the commonly used nutshell 
utilized as lost circulation material in the petroleum sector. 
The following conclusions are provided below:
•	 In comparison to 5wt. % bentonite, the addition of 2.0 wt. 

% NSP and 2.5 wt. % PAC-LV concentrations improved 
the rheology and filtration properties of formulated 

WBF.
•	 Although both nutshells, and NSP improve the sealing 

ability of the mud but the addition of PAC-LV to NSP mud 
system significantly improve the sealing ability of the 
formulated mud. 

•	 The results of the bridging material test indicated that 
the combination of NSP and PAC-LV outperformed the 
nutshell and NSP and was more resilient to deformation.

•	 A newly formulated WBF with NSP and PAC-LV additives 
is offered for use at temperatures up to 232°C (450°F) 
for rheological and filtration stability.

•	 It can therefore be resolved that the addition of nano-
silica particles as well as polyanionic cellulose low 
viscosity in the formulation of water-based drilling fluids 
enhances the rheology and filtrate control properties.

•	 A newly formulated 5 wt.% WBF with 2.0 wt. % NSP 
and 2.5 wt. % PAC-LV is the optimum recommended 
concentration for lost circulation treatment and stability. 
Funding
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