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Introduction

The performance of drilling fluid during the operation
processes has a significant effect on the prevention of
formation damages and overall costs, which are huge
amounts of costs accomplished for treating drilling
fluid filtration and lateral considerations [1]. Losses
occur when the permeability of the formation is high
enough or the cavities are so large they don’t fill with
drilling fluid. Due to these, many additives are added
to the fluid to control this undesirable phenomenon.
Unfortunately, most of them are chemical substances
and had a harmful effect on the environment [2,3].
Another point is related to the technical one: where
the addition of some additives affects some properties
of the drilling fluid and changes other tasks of the
drilling fluid, i.e. loss in cooling of the drill bit. The
quality of cooling depends on the thermal conductivity
and thermal capacity of the drilling fluid. Therefore,
the higher the heat and heat capacity, the better and
more favorable [4,5]. In recent years, many research
works have been conducted on the employment of
natural, biodegradable, non-toxic, and ecofriendly
green materials in drilling fluids to impart a specific
function or several functions. Some naturally
occurring materials are used in drilling fluids directly
without modification [6,7]. While, more natural
materials are used by chemical modification to better
meet the requirements of water-based drilling fluids
[8,9]. Among these materials, the biopolymers and
their chemically modified derivatives, with primary
components of polysaccharides, owing to appropriate
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properties, widespread availability, relatively low cost,
and inherent biodegradability, are frequently used to
improve drilling fluid properties such as rheological
properties and filtration control [10,11]. Typically,
xanthan gum, scleroglucan, guar gum, diutan and
welan gum are used as viscosifiers due to their shear-
thinning and thixotropic behavior [12,13]. Starch
derivatives like carboxylmethyl starch (CMS) and
hydroxypropyl starch (HPS), cellulose derivatives
like carboxylmethyl cellulose (CMC), hydroxyethyl
cellulose (HEC), and polyanionic cellulose (PAC),
modified tannins and lignins are classic products that
have been widely used for rheological modification
and filtration control [14]. A variety of other natural
materials and theirmodifications have been investigated
as potential drilling fluid additives. Examples include
soy protein isolate [15], psyllium husk [16], rice husk
[17], henna extract [18] and potato peels powder
[19] are also introduced in drilling fluids to function
as required purpose. Al-Saba et al [20] evaluated the
effects of corn cob, sugarcane, pomegranate skin,
soybean skin, and coconut shell powder on drilling
fluid performance. The results show that soybean
skin powder and coconut shell powder could reduce
the filtration loss by more than 60% and have a great
influence on the viscosity. Mohammadu et al. [21]
used graphene-based lubricants in water-based drilling
fluids to improve rheological properties under high
temperature conditions. The results showed that in the
concentration of 0.05 graphene, the viscosity of the
drilling fluid decreases to 68% when the temperature



increases to 300 degrees Fahrenheit, and the viscosity
of the 3% graphene at high temperature and pressure
is reduced by 30%.

In this paper, the effect of a natural biocompatible
polymer (AG) and potato starch is evaluated and
compared with HPAM experimentally. The research
is carried out to improve the rheological, thermal, and
filtration properties of drilling fluid. Fig. 1 shows a
schematic diagram of the AG polymer.
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Fig. 1 Schematic diagram of the AG polymer [22].

Materials and Methods

Materials of the research tests involve AG polymers,
HPAM both approximate purity of over 99% as well as
potato starch in concentrations of 1 to 6 g/L (with unit
incrementally). Drilling fluid prepared of a water-base
fluid and 25 g of bentonite, 10 g of sodium chloride,
and 10 g of potassium chloride as additives were
added to 350 ml of distilled water that is laboratory
equivalent barrel. Then mentioned polymers were
added to the prepared drilling fluid. Each fluid sample
was homogenized for 10 minutes with a high-speed
mixer of 6000 rpm.

Rheological properties are assessed by measuring a
Fann-35 rotary viscometer according to API standards
[23]. Numerical values of shear rate and corresponding
shear stress during the tests were recorded. Outputted
values of tests used to fit in a model which was
determined by the regression analysis. Some other tests
were carried out and obtained a maximum correlation
between the tests and model outputs. From this model
and its values, one can obtain values of plastic viscosity
(Fig. 1- Eq. 1) and yield stress (Fig. 2- Eq. 2) of drilling
fluids by mathematical calculations [24].

PV=6_ -6 (1)

600 300
YP= 6300*2-6600 (2)
For the measurement of losses of drilling fluid, a filter
press, OFITE type, was used. Measurement executed at
70 °C and 100 psig pressure within 30 minutes. Then,
the permeability of the drilling fluid cake was calculated

by Eq. (3) which is provided by Darcy as [25]:
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Fig. 2 Viscosity of drilling fluid involving polymers.

Next, the thermal conductivity and specific heat ca-
pacity of the drilling fluid were measured using the
KD2 Pro apparatus.

Results and Discussion
Rheological Properties

To define the most appropriate model, the results of
experimental tests are needed [24]. Shear stresses ver-
sus a range of shear rates in the case of non-Newtonian
fluid (such as drilling fluid) showed that the Bingham
plastic model is used to be a better one (in comparison
with any other models) for predicting rheological be-
havior. Adding prepared polymers to the Aqua-based
fluid caused to increase in shear stress gradient in
terms of shear rate. Improved results for the case of
AG polymers are more significant than others. This is
due to the nature of the structure of AG polymer which
has a dual part structure: a water-soluble and a water-
insoluble. The latter one swells in the vicinity of water,
and this phenomenon causes the AG to disperse well
in the continuous phase of water-based drilling fluid
and then resulting in an increment of the viscosity of
the fluid. Fig. 2 shows the incremental rising in plastic
viscosity with increasing concentrated additives while
there exists an optimal value of 4 g/mL. Based on the
observations showed that constant and smooth manner
in the variation of viscosity.

As seen in Fig. 2, there is an optimal concentration
for other substances too. It is 4%, 3%, and 2% by
weight respectively for AG polymer, Potato starch,
and HPAM polymer. It should be noted that although
the optimum concentration of AG polymer is higher
compared to other polymers, even at lower concentra-
tions (i.e. one percent by weight) there is a dramatic
increase in viscosity observed. The findings showed
that the performance of AG polymer is better than the
two others used in this study. These results are fully
consistent with the findings of Salehzadeh et al. [27],
who worked on pre-gelatinized starch polymer and
zinc oxide (ZnO) nanoparticles, as they also observed
an optimal concentration for each of these materials.
Furthermore, the increase in the yield stress of the flu-
id is consistent with the results of Ward et
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al. [28], who worked on genetically modified starch
polymer, as they observed an increase in plastic vis-
cosity and yield stress (Fig. 3) in the water-based base
fluid with the addition of the polymer.
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Fig. 3 Yield Point of drilling fluid involving polymers.

Filtration of Drilling Fluid

According to the measured results of filter press tests,
it is observed that the addition of additives causes a
decrease in losses for polymer-containing drilling
fluids. An expression may be related to the viscosity
behavior presented before. The uprising in viscosity
led to a decrease in the leaking manner of the fluids.
As can be seen in Eq. (3), there is a vice-versa
relationship between viscosity and losses of the fluid.
As presented in Table 1 by adding AG polymer to the
drilling fluid, an improved effect on the barrier of

losses was obtained. Experimental results showed that
AG polymer deals with a reduction of 65% in losses
during 30 minutes in comparison with other polymers
involving fluids for the same concentrations as others.
This finding indicates the high effectiveness of AG
polymer in controlling the drilling mud loss. As well
as the permeability of the filter cake of drilling liquids
decreases with the addition of polymers additives.
This behavior took place due to the structure of well-
compacted polymer-involved fluids, therefore, filling
many of the cavities of walls and leading to a strong
decrease in drilling fluid permeability inside the filter
cake. This feature provides a noticeable application of
drilling fluid where the lower the permeability of the
retaining fluid cake, the lower the fluid penetration
into the formation, and thus the losses during drilling
operation come down consequently. The resultant
outcome means improved filtration of the drilling
fluid. Test findings (Table 1) showed that AG polymer
reduced the permeability of the base mud cake by 60%
therefore is less permeable and more favorable than
other additives.

Thermal Properties

Loss of fluid is not only the right task in drilling
processes but one of the most important parameters.
Another suitable criterion for determining the
usefulness of drilling fluid is related to thermal
properties, including the cooling of drills.

Therefore, the thermal properties of drilling fluids
containing polymers were evaluated, and the results
are shown in Figs. 4, 5.

Table 1 Adaptation of behavioral modeling, dispersion and permeability of fluid cake containing experimental drilling fluids

No fluid | Polymer concentration (gr) | Data of rtheological model | Filtration loss (ml) Permeability (D)
1 - 0.9912 14 11.8
2 1 0.9870 13 10.5
3 2 0.9827 12.5 10.8
4 3 0.9960 11.8 10.1
5 4 0.9921 10 7.6
6 5 0.9999 9 6.4
7 6 0.9724 8 5.1
8 1 0.9724 11 10.9
9 2 0.9779 9 9.5
10 3 0.9872 7 6.8
11 4 0.9985 5.5 52
12 5 0.9777 5.4 49
13 6 0.9956 5.2 4.7
14 1 0.9814 13 93
15 2 0.9804 12 9.5
16 3 0.9729 11.5 9.1
17 4 0.9724 11 8.8
18 5 0.9768 10 7.2
19 6 0.9725 9 6.1
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Fig. 4 Thermal conductivity of drilling fluids containing
polymers at different temperatur.
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Fig. 5 Specific heat capacity of drilling fluids containing

polymers at different temperatures.

As seen in the Fig. 4, the thermal conductivity of
drilling fluids decreased with the addition of polymers.
This phenomenon herein may be related to the
structure of the polymers entirely, where chain and
plate structures are often for polymers. In addition,
from a point of physical view, these types of materials
are basically non-conductive and therefore have not
an increased effect on the overall cooling performance
of the drilling fluid. A small and relatively smooth
decrease in Fig. 3 for the case of AG additive denoted
that by addition in concentration up to 6% by weight,
the total reduction in conductivity of the drilling fluid
reaches 7.5%, which compared to potato starch and
HPAM reductions by 11.5% and 18.5%, respectively.
Through over, it can be concluded that AG polymer
has a less destructive effect than other polymers. The
specific heat capacity (Fig. 5) of the base fluid was
found to be 3960 J/kg-K. Moreover, by adding the
polymer AG up to 6% by weight, the specific heat
capacity decreased to 3580 J/kg-K, (9.5%) reduction
compared to the base fluid. However, by adding Starch
and HPAM, the decrease in this parameter was 14%
and 23%, respectively.

To describe this phenomenon, reason by nature of the
polymer’s structure can be suitable. Since the structure
has two parts (as told before) first part is well-dissolved
and the second is non-dissolve in water. Unlike other
polymers, AG can completely spread uniformly in
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the aqua phase and its molecules should be in contact
with each other, and this connection would increase
the thermal conductivity and specific heat capacity of
this polymer at both temperatures compared to other
polymers. These results are in complete agreement
with the findings of Sabaghi et al. [29] and Adam
et al. [30], who had evaluated the effect of adding
polyacrylamide and xanthan gum to water-based
drilling fluids and observed that the polymers caused a
decrease in the specific heat capacity of the fluid.

Conclusions

In this study, the performance of AG polymers,
HPAM, and potato starch on rheological, and
thermal properties as well as the filtration of drilling
fluid are investigated. The rheological behavior of
drilling fluids was measured with different models,
including Newtonian, Power law, Herschel-Bulkelley
and Bingham plastic models. In current study, the
Bingham plastic model describes the behavior of
fluids with higher accuracy than other models. After
preparing the considered water base drilling fluid
according to the standard method, its additives were
prepared and tested using the considered materials in
concentrations of 1 to 6 grams per liter. Experiments
to determine fluid rheological properties (using Fann-
35 viscometer), drilling fluid filtration (using OFITE
filter press at 70 degrees Celsius and 100 psig pressure)
and determining thermal properties of prepared fluids
(using analyzer Thermal KD2 Pro) is performed on all
19 samples at two temperatures of 25 and 70 degrees
Celsius. The following specific results have been
obtained from the experimental investigation:

I- In the first step, the optimal concentration for
astragalus polymers, potato starch and hydrolyzed
polyacrylamide was obtained as 3, 4 and 2% by
mass, respectively. In the obtained concentrations, the
performance of the astragalus polymer is more better
than the two polymers, where increased the plastic
viscosity from 2.3 to 9 centipoise and the yield stress
from 2.3 to 7 pounds per 100 square foot.

2- The results of tests on drilling fluid loss show
that plant-based astragalus polymer in the highest
concentration (6% by mass) has reduced fluid losses
by 65% compared to other two polymers. The reason
is due to the chain and plate structure of the mentioned
polymer and the increase in the viscosity of the
continuous phase of the fluid. Also, the permeability
of the buffer fluid cake had a behavior similar to that
of fluid loss.

3- The results of the thermal analysis tests show that
the thermal conductivity of drilling fluid containing
astragalus polymers, potato starch and hydrolyzed
polyacrylamide is 7.5%, 11% and 18.5%, respectively.
The specific heat was reduced by 9.5, 14 and 23%
respectively compared to the basic drilling fluid,
and astragalus polymer, in addition to having better
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performance in the case of rheology and filtration, has
a lower reduction effect compared to the other two
investigated polymers in drill bit cooling.

4- From the comparison between potato starch and
hydrolyzed polyacrylamide polymer, the relative
improvement of drilling fluid filtration using
hydrolyzed polyacrylamide is obtained, but drop of
thermal properties of the fluid containg the potato
polymer is less than the corresponding fluid with
hydrolyzed polyacrylamide polymer.

5- The general resultant of the experimental
observations of this research indicates that the choice
of each of these polymers depends on the operational
conditions and drilling process. As an example in
the case of deep and high temperature wells where
the heating and cooling properties of the drill bit are
very important, attention to the thermal properties
of the drilling fluid has a relative advantage over the
permeability and loss of the fluid.

CMS: Carboxylmethyl starch
HPS: Hydroxypropyl starch
CMC: Carboxylmethyl Cellulose
HEC: Hydroxyethyl Cellulose
PAC: Polyanionic Cellulose

References

1. Kumar, A., Savari, S., Jamison, D. E., & Whitfill,
D. L. (2011, April). Lost circulation control and
wellbore strengthening: looking beyond particle
size distribution. In AADE national technical
conference and exhibition, Houston, Texas, USA
(pp- 12-14).

2. Foumier, R. O. (1991). The transition from
hydrostatic to greater than hydrostatic fluid
pressure in presently active continental
hydrothermal systems in crystalline rock.
Geophysical Research Letters, 18(5), 955-958.
doi.org/10.1029/91GL00966.

3. Srungavarapu, M., Patidar, K. K., Pathak, A. K., &
Mandal, A. (2018). Performance studies of water-
based drilling fluid for drilling through hydrate
bearing sediments. Applied Clay Science, 152,
211-220. doi.org/10.1016/j.clay.2017.11.014.

4. Saboori R., Sabbaghi S., Kalantariasl A.,(2019)
Improvement of rheological, filtration and thermal
conductivity of bentonite drilling fluid using
copper oxide/polyacrylamide nanocomposite,
Powder Technology, Vol. 353, pp. 257-266. doi.
org/10.1016/j.powtec.2019.05.038.

5. Gudarzifar, H., Sabbaghi, S., Rezvani, A., &
Saboori, R. (2020). Experimental investigation
of rheological & filtration properties and thermal
conductivity of water-based drilling fluid
enhanced. Powder technology, 368, 323-341. doi.
org/10.1016/j.powtec.2020.04.049.

6. Parvizi Ghaleh, S., Khodapanah, E. &

10.

11.

12.

13.

14.

15.

Tabatabaei-Nezhad, S. A. (2020). Experimental
evaluation of thiamine as a new clay swelling
inhibitor. Petroleum Science, 17(6), 1616-1633.
doi.org/10.1007/s12182-020-00466-6.

Kumar, S., Thakur, A., Kumar, N., & Husein,
M. M. (2020). A novel oil-in-water drilling mud
formulated with extracts from Indian mango
seed oil. Petroleum Science, 17(1), 196-210. doi.
org/10.1007/s12182-019-00371-7.

Li, W, Liu, J., Zhao, X., Zhang, J., Jiang, J., He,
T., Liu, L., Shen, P. and Zhang, M., 2018, January.
Novel modified rectorite provides reliable
rheology and suspendability for biodiesel based
drilling fluid. In SPE/TADC Middle East Drilling
Technology Conference and Exhibition (p.
DO021S010R005). SPE. doi.org/10.2118/189310-
MS, 29-31 January.

[9]. Hall, L. J., Deville, J. P, Araujo, C. S., Li,
S., & Rojas, O. J. (2017, April). Nanocellulose
and its derivatives for high-performance water-
based fluids. In SPE International Conference on
Oilfield Chemistry? (p. DO11S002R003). SPE.
doi.org/10.2118/184576- MS.

[10]. Akbari, 1., & Ghoreishi, S. M. (2017).
Generation of porous structure from basil seed
mucilage via supercritical fluid assisted process
for biomedical applications. Int J Pharm Sci
Dev Res, 3(1), 030-035. doi.org/10.17352/
1jpsdr.000014.

[11]. Guo, D., Yuan, T., Sun, Q., Yan, Z., Kong, Z.,
Zhong, L., Zhou, Y. & Sha, L. (2023). Cellulose
nanofibrils as rheology modifier and fluid loss
additive in water-based drilling fluids: Rheological
properties, rheological modeling, and filtration
mechanisms. Industrial Crops and Products, 193,
116253. doi.org/10.1016/j.indcrop.2023.116253.
[12]. Sarber J. G., Reynolds C., Michel C.
M., Haag K., Morris R. A., (2010) The use of
diutan biopolymer in coiled tubing drilling mud
systems on the North Slope of Alaska, In: SPE/
ICo TA Coiled Tubing and Well Intervention
Conference and Exhibition, Texas, USA. doi.
org/10.2118/130584-MS.

[13]. Villada, Y., Gallardo, F., Erdmann, E., Casis,
N., Olivares, L., & Estenoz, D. (2017). Functional
characterization on  colloidal  suspensions
containing xanthan gum (XGD) and polyanionic
cellulose (PAC) used in drilling fluids for a shale
formation. Applied Clay Science, 149, 59-66. doi.
org/10.1016/j.clay.2017.08.020.

[14]. Kafashi, S., Rasaei, M., & Karimi, G.
(2017). Effects of sugarcane and polyanionic
cellulose on rheological properties of drilling
mud: An experimental approach. Egyptian journal
of petroleum, 26(2), 371-374. doi.org/10.1016/].
ejpe.2016.05.0009.

Li, M. C., Wu, Q., Song, K., Lee, S., Jin, C., Ren,



16.

17.

18.

19.

20.

21.

22.

S., & Lei, T. (2015). Soy protein isolate as fluid
loss additive in bentonite—water-based drilling
fluids. ACS applied materials & interfaces, 7(44),
24799-24809. doi.org/10.1021/acsami.5b07883.
Salmachi, A., Talemi, P., & Tooski, Z. Y. (2016,
November). Psyllium husk in water-based drilling
fluids: an environmentally friendly viscosity
and filtration agent. In Abu Dhabi International
Petroleum Exhibition and Conference (p.
D021S030R005). SPE. doi.org/10.2118/183308-
MS.

Okon, A. N., Akpabio, J. U., & Tugwell, K. W.
(2020). Evaluating the locally sourced materials
as fluid loss control additives in water-based
drilling fluid. Heliyon, 6(5). doi.org/10.1016/].
heliyon.2020.e04091, 1-16.

Moslemizadeh, A., Shadizadeh, S. R., &
Moomenie, M. (2015). Experimental investigation
of the effect of henna extract on the swelling of
sodium bentonite in aqueous solution. Applied
Clay Science, 105, 78-88. doi.org/10.1016/
j.clay.2014.12.025.

Al-Hameedi, A.T., Alkinani, H.H., Dunn-
Norman, S., Alashwak, N.A., Alshammari, A.F.,
Alkhamis, M.M., Mutar, R.A. and Ashammarey,
A., 2019, June. Evaluation of environmentally
friendly drilling fluid additives in water-based
drilling mud. In SPE Europec featured at EAGE
Conference and Exhibition? (p. D021S003R006).
SPE. doi.org/10.2118/195510-MS.

Al-Saba, M. T., Amadi, K. W., Al-Hadramy,
K. O., Dushaishi, M. F., Al-Hameedi, A., &
Alkinani, H. (2018). Experimental investigation
of bio-degradable environmental friendly drilling
fluid additives generated from waste. In SPE
International Conference and Exhibition on Health,
Safety, Environment, and Sustainability? (p.
D021S007R003). SPE. doi.org/10.2118/190655-
MS.

Soleimani, K., Derakhshankhah, H., Jaymand,
M., & Samadian, H. (2021). Stimuli-responsive
natural gums-based drug delivery systems for
cancer treatment. Carbohydrate polymers, 254,
117422. doi.org/10.1016/j.carbpol.2020.117422.
Mahamadou, A. S., Jun, G., Miamouna, M. I.,
Magaji, A., & Issoufou, A. (2024). Improved
Rheological Properties and Lubricity of Drilling
Fluids at Extreme Temperatures and Pressures

Petroleum Research, 2025(June-July), Vol. 35, No. 141

23.

24.

25.

26.

27.

28.

29.

30.

Using Graphene Oxide and Flowzan. SPE Journal,
29(11), 5858-5874. doi.org/10.2118/223077-PA.
API (American Petroleum Institute). (2003)
Recommended practice for field testing water-
based drilling fluids, 3rd ed., API 13B—1.

Ismail, A. R., Mohd, N. M., Basir, N. F., Oseh, J.
0., Ismail, I., & Blkoor, S. O. (2020). Improvement
of rheological and filtration characteristics
of water-based drilling fluids using naturally
derived henna leaf and hibiscus leaf extracts.
Journal of Petroleum Exploration and Production
Technology, 10(8), 3541-3556. doi.org/10.1007/
$13202-020-01007-y.

Raheem, A. M., & Vipulanandan, C. (2022).
Characterizing distinctive drilling mud properties
using new proposed hyperbolic fluid loss model
for high pressure and high temperature conditions.
Journal of King Saud University-Engineering
Sciences, 34(3), 217-229. doi.org/10.1016/j.
jksues.2020.10.002.

Bahrainian, S. S., Nabati, A., & Haji Davalloo, E.
(2018). Improved rheological model of oil-based
drilling fluid for South-western Iranian Oilfields.
Journal of Petroleum Science and Technology,
8(3), 53-71.doi: 10.22078/jpst.2017.2706.1459.
Salehnezhad, L., Heydari, A., & Fattahi, M. (2019).
Experimental investigation and rheological
behaviors of water-based drilling mud contained
starch-ZnO nanofluids through response surface
methodology. Journal of Molecular Liquids, 276,
417-430. doi.org/10.1016/j.molliq.2018.11.142.
Ward, 1., Chapman, J. W., & Williamson, R. (1999,
February). New viscosifier for water based muds
based on a genetically modified starch. In SPE
International Conference on Oilfield Chemistry?
(pp. SPE-50723). SPE. doi.org/10.2118/50723-
MS.

Gudarzifar, H., Sabbaghi, S., Rezvani, A., &
Saboori, R. (2020). Experimental investigation
of rheological & filtration properties and thermal
conductivity of water-based drilling fluid
enhanced. Powder technology, 368, 323-341. doi.
org/10.1016/j.powtec.2020.04.049.

Bavoh, C. B., Adam, J. M., & Lal, B. (2022).
Specific heat capacity of xanthan gum/PAC
polymer-based drilling fluids: An experimental
and correlation study. Materials Today:
Proceedings, 57, 1002-1007. doi.org/10.1016/j.
matpr.2021.08.028.



e? o F-3
VA=Y amio JFoF o g 10,5 JF) ol o o 2 frg’s allie
2 93l8,5 Y o, Vo’_/fz e

) b SLa G393 T (225
9 S99 (Il Ple S
Sl I O gl g
q Tl 5 a5 M ldsle pobi Mol sl Lo e
Ol QST o lsal ez dged oSl 03098 (Sl (rio s (oiites (B 0uSdls )

Ol Gleal o)l ez ap i ol8iils ¢ pwaige 00SLEIS ¢ couds (cwiige 09,5 -

VEY AN o pdy g VEYFIVY il o &6

EXVOS

=lagog Rl 5l el (il sl el () la ISt ialS )3 Lo el (i Seee 5 (S0 )ba> S gl it S
5 adlie sl 0 A ls e ) laote el i 3a ;ogdle g 009 ol Ll o lél aS 5o o oolitul
e S P L) lacle s i i s GuglS1 ol sl ey ol S 5lciss (anb Lo ogdl
e yaddy o, Slae Ly gass S ), B aalllas 5y 0 (4l 6,li> sl S 5352 5 ()l «sSedslsny Lols 595 ]
a1y gl ple 45 88 Sjgo Ve °C slos o Lagialol il oo aulio oo g o ael Jo ST b
iloas sl 53 Y0 °C gliss yo Lo iglosl oIS iy Lplos ol sy Loo ol )] Cgr 0l opan sl
o5y (=leS byl g La S JLasl o (sals 5l cidloe Byl g lo iy Jisbow sl Lo poly 4l an a9 L
byl g Gl gy0ml e ls ae (5SS 1 i ST La il ol 48T (50 w8 (oo sl )i Sl
oy 45 a0 oo s o moll .l (6,50l KD2 Pro o Sws l eslaiwl Ly oals a4 sladises o5y (omlo)S
YIV 5l sl U5 505 Gl czrse w0l L pysie 5 0l 5o Jsdoms o o8 g0 Ll (g Lo Jdoay g8 2]
ol Gals 120 anly Jlmws any S GoglST il oy 05581 Ly ()i S (59558 Ol mizead 05500 3 8P 4y
b 5 st Al (uglT il slp ey (g3l g5l sla S (mle S (bl (e il pogdle el 00l
ol S dy s LYY 5 VE A iy oy msle )T Cid s s TVAD 5 ) YID e iy o0 sl o el g ST
Pls s 00 Gilesl sl yarly Ly alin )5 (6,08 (—talS 151 GuglT il oy (mal by il als Al
55 oolel (sl (elio 4y F 0l e gl ol paly Sl iash Ealian azg Loyl gl 5 (le S

b YU Les sLnel>

(0 s Al oS (Ul (5991, Wl panl yoly 59,52 15l lalS

Sl gt
n.sadeghian@scu.ac.ir SS9 Sl ol
m.torkaman@scu.ac.ir

(DOI: 10.22078/pr.2024.5501.3448) : Jlusus awliss



ol 5 o ol Lo yaoo

RSy EEUR R R I B VTN PN SV I P

S g (S LB yordy wlys
ayls 8 5 b baay Ly Lol sl L
oy el iclio sla Shy Jdoar 4 s
Sts Gt A5 5 oty B a3 08, S
398, Ple) ol v eleS Sste
Slo—s VY 5 V] il LgsT (gul il ]S
&2 3 O lgS deo (Ll fao (Jo—ons
S99 9 59,515 el L8, Jdsa (Y
VOl aigi o oolitul 0aiiS 355y Jale olyicas
eSS las asbe aules wla o [V F 4
(HPS) gy oS 5,000 aiulis 4 (CMS) J—to
Hobeo J=ie S 525 0ile 3ol clit e
ok 5 (HEC) ol 31 (o—uS'g 000 (CMO)
S Y gams L iS5 5 (PAC) o] L
s, ol Gl oa i s baya S e
ks J S
S Sl pordy 3l ool ul Lo ) en § oy
Lo o2 (CMO) jlol Jito (oS 25 50
o gy SOlSE )0 S g (o) SES Ll Slg
5 oaz Jsep S (SDS) wlily s Jowsogo
Jbm 0=l (039585 L, syl csay (5, Li>
S9 5SS ol 5 ) el adex 5l )L
5437 8,5 558 ()l o jee Les a s o IS
42 j5 g 45 ools ol (SG3elgs; slmosls Jdos

R N

Lagl atone Sl

P R0 R SO N P S B

2l a Sy wbee aals A
s e i |y el Ve ialS Sl
&> Jlmw oo 2lBl L as el 55 LS
393 5 6 5V Sy LS Lwgil Sl o 55l
b lgs 3 (glod S b [ VAL alosls L
o5l sl ol (lyrea Lol Dlit e g, oo

S8 558 ) 2955 5 YL

1. Over Balance
2. Mud Filtrate
3. Mud Cake

4. Permeability

= sla g0yl 5l bl

EVRTR
iyl i (leS e |y g)la> IS (59,50 sy
codeay ' ol 1,8 g )las ol doe pa S5, S
Sl —idn wijlw g g e 5 Las S
S g A o Sei Iyl 5 il 9,0 4TS
ol 0,910 (59, S5 S Sis el Jow ol
4S5 aes e 2, Sy )l 569,58 Ssbise
Lo o> Ly 009 oy (8 ool ay .b)l_..uf‘f"j‘);
F ol olge aliwgay aSai il S50 slojlasl as
Sldes Job o )l 5 (55,5, 925 Sgine
Sldes sl anze ol g wile el cozge
sloayie 5l Fe sqa > 4 S g ebay Wb oo
b el ol By sl i ol S ()l
St 6l ool V] s )T il oM ie
Syl 5 4 =093l slgs cogdlaoli sy ol
4o g 009 ‘SJL.O.‘_HJ l_e‘j u_LC‘ as QHL.SA obg}J‘
aml Ll Y 5 Y] ssln) oo ool csjlae
= lBgl a8 Lo Sog38l ol a S cils a gl
A8 oo i (5 b | 5l 5 Ol ogas
I st e | gyl IS Ks slas S5 as
ol ase 6,5 S anlby ol alex s o
5 (K) (=boyS @bl ol )15 ) cnteS a5
Byl (K g )la> 5 (Cp) o5y (=l cd)b
=S cdib s (le)F ol Gl 05 50
—osas g g g las ae o Slae Bl i
Ao ;0 sl a s A Job 10 05— oo ploxl
ol o (Sl sl g)li> sl 5o, Slee b))
@i la gl smle S (bl 5 Wil 4y
JoBB Slaios oyl pogdle [F-V] el oas plsl
)JJQLAJ).?UM) ‘(fh""a J‘H )‘ oslaiul ) ng"'}’
Lol sl Jl—w jo csy oo Jlocwgo g
ous plal ols o, Slae ax Ly SO olml Gus
JJHLSA ool il 6)L_5.> JL‘-—-AAJ B )—a.a-'-‘ O99— 9

Olol b o sl 55 Sl e 0 LA 54
Gyl o lajls b e Gollad 6l o (olonds



-1V azio AFF 15 g 51,5 IFY o led “UU”;
’

Lot oy loslaul 5l [Ya] o) 8 an ¢ Sl
5 =z Ple LBl sl 1) oS oS
asls 8 (bl se— syl Sl gel L3
Ple ey mlles oole oyl a5 a3l jo Ly
Y e gloales 01 g e S (559,
Voo °C 5l b gl )5 (o> 4S5 9bar o)l
aS o ovalin ol jegdle g walgS See
Sl (S 3glSn L Yo+ °C YL sl o
i SN K VR PR XLV ) PO R
= ol gy il Y] Sos aagy
5 ymn oz Sl el 5 5 ly
0533l S alen S 155 g aiols I, 5 a_dllae
e e N e R N
laails o, Slee ;1 6,56 (j9 /Y s 0I5
0wl glosles jo 59,05 oo plou; (9,
Pl S9te 9 gl i J S (Sl V0. °C
SN 6 p9me 5 535,095 2l 1y 6 i Sl
T ol S S bl 5L g3
Ol (S35, Pls S srelS 6l g 0]
D0,S aalllas 1) o )b Sl (55> Ul
10 g8l Ly as ol ol 5l el Lyt slaadl
3 aaal e S oy (05 STl 5700 s
S S cels 5 5950 Ol SseS sl
YO b anl Jlow b awsliae o 5,le> Jlw
G35 48 Iy il il i alS V¥ 5 YA
iz sl 4Bl il3dl el a5 o, alls
ool ol g )i Jbmw ()l ol L)
S a0 Shee o i 815 STl L
Jhm L aslie 10 7OV ol o bale o 5L
9 go—ome cildio (o indod )0 S8l il el
o315 e slmoaisS ol 5V o) K
Pl vt gl (ol 4l gyl YL o

9,8 eolaiwl YU Lo byl jo SG5e)e5,

1. B-cyclodextrin

FENTIpUER

DA b 5 4 g0 950 ] adez
L oplae d V| mip aigy Vo] 0,0l cng
5,5 o sl VY] e jen
Olol (o933l S VE 5 Vol o5 as 3 oed]

S 9 )0— 9 [YY]

B0,S ey il Ly aslie oy oS 5l oa
od=ds Mol (o938l il as sl i i) mols
YL Ceglie (gl 21l S 50 (6 ]
Pyt S 8l g S 5 S il o
Ol 5 Loall ojls g)la> Jlw (03555,
239 sl Cgs St «)d Pl @l 51 [ 7]
SSbes ;o ) =50 dsg j39— g by gy
3leael cwoty muls ase S bl g les Jl—w
9 b Swg j09m 45 aad o0 pltd (il )
S 1y gl 2k 0l oo S 5L agy 509
S35 ot JlB 31 5 00ls il 75+
alis g9 g0 0, Shae [YV] o)) 8 em 5 (5,0 5,0
pr—elS bt lacaS Lo -lsluls e
5 Slig—w rdS S0l o e S
S 5 sl maialas g —paaw pgiegd | OISCL

9 SS9 0ep p ke ST ot (ol D

5 Vb 55055, 0 |y —pmite pomeiosl| UG L
ol 8 (bl gl il ST (il
s IgalS &t g5 5l s ks b
Osel ikt ol g (69 ,51,5 il e alas 4
(S8 Pls dgrtr oo (Al g )le> IS
el b 5 (le)S bl 5 sl ild
d2 51 e ST Cm 5500l L 51 ool L
5 Gy g 155 Ol g 03935059 Ol (6l 9l
ol A3 5 8wy 8ye e [ YA ol (6 0dI8
L a8 el o 51 Sl aalllas o L natil,
Jhogil 59,52 Jlodie )95 de o joralS g (0953
5= ol 50093505 O (6l i 54 10V 704
b i S8 Sl rimren 5wl o0 ialS
bl ogdlcds 098 o0 a5 1O § OF s S
<l sl CmjeralS 5l 0958 L (55l S (e S

3l il TV 5 00 e Fa Hob Ol g oy



ol 5 o ol Lo yaoo

Ol megdle g oS clablone o jlame 5l aS 00l
Sldes 1o g e OV slomel 5 a8 450
ESTC S 5 L S S WIS O

Ok 9 (S3d08) (Gl Pl S
Ozt (85 1,8 L5l 0y (g e YL
b5 yiin B —ad (rw pg ol 5o
5o —ailoal plzul ol slales jo a5 al 045
O3B sles 4y S aS Ve °C o YU sl
plzsl (28 slagialesl ol il oy ooz
ilie (§ymdypen (sl Gl mol LS 0g
S e (5,5 S g le> 5 (59,50 LS
S 0 g 5 ol jo gl by cog Laacacs
B 65552 IS = Lopendy aie ;51 LS 5o
3550 e dtie (5SS o Lyl o yme 5l o) La
sl a8 05t Lol (g edy 5 a8 S )8 )
2 39S S5 |y s 69,50 Y sles jo oo
olio gl as plasl psda 1) 4o (5S>
3l Gies ol soleiian sla g0l o Shes
ol 00 48 )5 0,40 Coais 3Jg 00l ael o ST
ez 3y50 o O] ;Blie ply S aslllan 5 (o)

REONIW [PUCTIR S -

5 oha,

3lgo

el i slaialesl Sl 0y Sls s
oo el 51 sl ooy
ol 5 (A% YL e ls 4> o L) ea
aS ol fgml L) glacdle Ly wjca—
aSgll s bls el egls Laal loes b 5l s ey

ol 0 as oo

1. Herschel-Bulkley

2. Xanthan Gum

3. Astragalus

4. Starch

5. Hydrolyzed Polyacrylamide

= sla g0yl 5l bl

o=l 8T /o0 clhale jo aS sl s mols
1A o s ki Sl 9,515 Ol Yee OF an Lo
el 0al ,eS Y YL Lnd g Lo yo o818
sloaddgl gogisl YY) ol aa g o blS
2508 )y sl )i SV 1 5
5= o=l Sz Pl as ain S )15 Ly
G 'S - i Joe 59y e s
S 2l srals L olyd ol as as ssalie
g g os olar 05l9m (55 oat Seas Jlow
5 ol J ST 5l eslil Lo [¥F] ol IS
ly S isael yanly o9 oIS oo el e (g0
e .A_S»))s oS 6)Lé> JLM» o oslaz_ul ‘_g‘)_:
5 Jle (S23d9) (Ples St odle enh -
OO B g )95 5l al e 45 adl oo ()
5 Lo L) awlis cojemls g [Y0]
Sy Jlow 3, Shos 09t sl 1) (lgdl 5SS
ABO ul—MA.’ oA_AT C—wddn FL.) \.\_:Q; e
00958l L V0. °C slws jo a5 00,5 cnnl i
ST S39 1o VO 5 S el slacdale o S
33 Ses i 0 IS o (S35 VB g 0 IS
S0 SIS s S S5 5 o)l JS (g5,
b sl L ool ol ogdledy ojla 1) 1ol 56 4
Ao ol cezge eyl Lo L0 g
29 3l e e bolen 35 oo 5, Sl slol
S oo ool Bl gloans o iy YL
(XC-Polymer) a5 ;Ll; o sle o sl ol
Syl d w0 9 0095 lyn PEEn)
g_:l_o*a:u 9 l_bo)ej_\ A >gf Q—")"L"’ MLM.’).: g.,\_»...;‘

S e G pdyee Pl ) Gl el (59,0 a0



-1V azio AFF 15 g 51,5 IFY o led “UU”;
’

Yoo oo dee S ) col Gl g ey
S5 wmd S S s s =Sesll (Fre pm g
o sogsdl e bile ;b oo Linas Sy
o, slm el b ol o JS 4y oot a8l
¥ Ao, el i 5 ) ke, S

LAl 30,5 oo dwle
PV =04y — O3 )

odilgr slssas ey 0, 9 0, pe sl
Yeorpm g o0 rpm lye0 slace o j0 0u
O ey bwg e S el gl g9 il
slml Jb— 093 sloapisSear 5 (Hsge
P | L g N WO WY FRPNOY BV . A0S g K- Py
oo Lal oS )5 ol i 1) Lavonss s ol YU
ool aS g e (8Ll b sloul eel ol ol
Voadyl, 5l eds 25 6, Soslail gl 09 JLge

[Y‘/\] 09_“)6‘0 oola

YP =0,,x2 04, ™
2 o 1b > ol i3 YP )l ) 5 a S
] Voo

Ooml il 33 (g s U5 (59,508 (55051
o 3l g i 5 59,5 =5 o3l sl
Ol vl 00l ool wl OFITE Jas yo b8
psig ,Lié g Ve °C slod jo 5 la> YL w (59,5,

5 39 Jmar o) 3,5 5 e e )+
ol el jo aS o ashy ) olfiws alaize g0
Seid Jlew Y a0l )8 8le a2lS
&, Jhw 59,50 Ol 93,5 Jlos! aine
Ol ¢ yizmon Ol (6 S o3l Yo min ) ey

0,5 Al o Las sla 5 SIS ,ls sl

1. Bentonite (B)

2. Sodium Chloride (NaCl)

3. Potassium Chloride (KCl)

4. Water-Based Drilling Fluid (WBDF)
5. Plastic Viscosity

6. Apparent Viscosity

7. Yield Point

8. Shear Rate

9. Shear Stress

s, o

U g NIV S| -E i DU S 5 AR L

Sl Jlww (g5Lwodlel

g g Y0 g T ol sl o li> Jhw as sl
mL ;o a5 el Vo g g a5 o i ) -
by L3 (B iulo;l Jolae aS_io) ,laie Ol YO
e Ve min Ooody £ev e 1pm S, Lo YU
Ve min Soeds Jlw dbged 0 g Jod adlsl
O=So bgloe oo 1pm S, 0 Y je0 e
Gl Yl waSeplasa g Ly )b 5la s
LQQT LS)—"-X’PS‘)-’ 9 099 oé)')’lf oo aslw
U ST SO W IGH JUES ] B KW LR I | B N
B iolol e jLid jo islesl bl o 05 5 o
}jﬁd 9 099 d_>L> JL_MJ \ O)LA—»-.:J JL_w ] 00
J—= ST b b VLY sl Jh—w a5 au il 0
ool ul..u.».’ \ JS_.A 5O u»}]lf‘f._.w—‘ J..Q.JJ x_iuLo...w
| 00

Seishs ool eSeilsl

Gyl WYl So5ele, eles (oS oslul gl
Tl (59,05 (PV) B Sdly 9,315 el
G—b V+°C Lo ;0 (YP) V[Ml_.u S g (AV)
FogSang olSiws 5l [YV] AP 13B-1 o okl
shls oo ol o solewl Fann-35 Jos jlgs
6‘4.;5‘) (5LQU.C)_.~.: L..) ‘5.35);5 4.:‘9.&.“:‘ 039 L_A_JL!
(S—Seoilail gg i 5l 8w S e ol
G5 5 (1) N g s e ol gl Ken g
U‘“—"“')‘b )-o-ﬁiL&-AJ? oo Ja_..uj.: )_IOL....A (‘[) i@"‘)f



V.0 OS2 g b yalb Ls joexe g o33l 31 oLl

25 sl )o eoliiul 550 sl Jlw S 5 Y Jgaor

i 4l | (@) Il | (@) sel STl | (@) cubigins | w)lS o S | (ML) o o> | Jlows oles

(€3] (8) %, el g

Yo Ver)e Yo- \

\ Yo Ver)e Yo- Y

Y Yo Vel Yo- Y

Y Yo Vel Yo- f

f Yo RERR Yo- I

I Yo Ver)e Yo- 4

4 Yo ARERR Yo- \4

\ . Yo Ver)e Yo- A

Y . Yo Ver)e Yo- a

v ) Yo Verd - Ya- Ve

. ) Yo Verd - Yo- X

A . Yo Vel Yo- 'Y

4 . Yo RERR Yo- VY

\ . . Yo Ver)e Yo- V¥

Y . . Yo ARERR Yo- VO

Y . . Yo Ver)e Yo- \#

¥ . . Yo Verd - Yo- W

I . . Yo Ver)e Yo- VA

# Yo RERR Yo 4

o OH CHzOH [ e

OH OH o /{_Q
/ 0 Kl
COOH f OH LODHDH _ COOH OH OH OH
[}
ey B et
oH © OH CODH oH ©OH COOH OH OH
OH oH

(78] g8l oy Solats sl ) S

abio mh i A O v e pSi sy L3 S PA g sa alsll a bl 5 sl daloe (ol
il s s YYD cm? Joline) Jlws (6 y5s 7] el o ool ol ¥l Ly sl
s 5,0L,5 1 (¥ e min ol Lol o) isle] /zmp Loy \f ™)
> oA_...:)._J.:sw_?onA_ia_g‘) o=l o as

l,Darcy’s Law cs.a.u)‘é —— g JL,.‘.» &_i..:‘S ‘5..:‘5‘).: K ‘J._NJL_slaac




Y11V azio AFF i g 01,5 IFY o Lo -u_)p!",}
7

NP, ol
=gyt DYl (So5dlgs) Lisy aog Cgx
S Sles Joae o s g Joe ades 3l Sglate slaJoe
sl TSy pleSin Jome 9 (JSSHL - 50 Jos
e cowlio Joms ol gl [V ccil sas
Jl Glm o= sl 5l slaals jo (b s
JA_A ).».Aas_.ws oo )‘ oolar l_’ 4_>L’ (_g)Lé}
ol ol mmls a5 ,—Se;lail Fann-35
(7 J5) 00 5 oy oy E 0 i (o
(6.;’3)'1_3_15 &5l Je) Lg)l_ﬂ J—do 5l oolawl Ly
CSIN CEWON-SN [ SRNUSE. L KES O RGOS Vg
ool golgiin Joo Lo iolejl (slmeols
I NOUE & ..LA)'] oYl )L:-é) o 6‘)—.’ Jo—s
Pt Bllae (Seidly (59515 molie Sled o
@)l gl 5 Y ISb bl s a5 5 ¥
=) é...._,»}b 65)—")5 ] 0oy 4_:“)‘ 03— w_)LA)T
sl o3l 55 5l ol S_olSe SIS a3l
b Jlw Lilglossn LL ,Kuss L J5 090

AT o 0525y~ sl 03,5 a bl I, Lgsl as-

g dlio

qu_i_:f).b S>>0 ..\_.oL> Ql)éwqo)_...ffsc‘(cp)
)i 550 05290 wslr SIS (e 1 uS g

Syl Jhw (2bo)S (olss (65051
=S Ple =Sl gl (o ol 5o
el ST oy cogl8T imsl) (0381 sl oy 31
Jl— s (oo o aldd g o0l 5 g0
soli_wl KD2 Pro 5,1, 5 JUT oo 5l (5 Lo

Ple 6 =S olail bl oo ) .ol sois
Lo ojmg (mbe S bbb g (b5 obls, (Sl
1-°C AV mlod odgasme 0 £ O gllas 5 cds
=lo,S sl oo ol cul ,S3as p3Y 5o )
°}—.’.9 ‘r:Lo)f u_d).la 9 «[+Y-Y W/m.K 0dgde 4O |)
QS o =Sl +/0-F JgK eogaxe yo |
S oS Ayt 535 s aFogal s [
ol ,lndo g_j Sleslaiwl b )5 e ol (g Lo
dsged o (omloS Ply S g Sojlal og s
2l Silee 5 00 S5 jl a5 )L S

Sg—biss )5S (mled lade lyew

()= 0

{Prlet A2

ey 4l (o el ] (@ oad 3 soem auel ST L (Gl (6 ki SVl Sea¥lgSinny olss ¥ S

1. Power Law
2. Bingham Plastic
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