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Drilling mud properties with added egg shell
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Abstract: The use of biodegradable waste is interesting for many companies from different industries, and in the last few years, more
detailed research about its usefulness in the oil and gas industry, specifically as potential additives for the preparation of water-based
drilling mud, has begun. Given that this type of research is globally important, there are data on the use of different types of food waste for
this purpose, and scientists have mainly researched the biodegradable waste that is generated in larger quantities in a certain part of the
world. Among the different types of waste whose effect has been investigated through laboratory measurements of various properties
essential for drilling mud, there is also some data on egg shell. In this article, detalied set of data shows how egg shell affects the filtration
properties of the drilling mud, the rheological properties, as well as the swelling reduction of the clay component of the rock when it is in

contact with drilling mud with added egg shell in its composition.
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1. Introduction

Properly defined composition of the mud is extremely important
for the successful construction of the wellbore, considering that the
mud has to fulfill various tasks, such as bringing drilled cuttings to
the surface, controlling formation pressure, lubricating drilling bit,
stabilizing the wellbore walls and many others [1-6]. From all the
above, it is evident that the efficiency of the drilling process directly
depends on the composition and properties of the selected mud,
which must satisfy all tasks according to specific conditions to each
well [7]. Drilling muds are divided into water-based, oil-based
muds, synthetic and special types of muds, considering the type of
liquid phase. For conventional oil and gas projects, oil-based mud is
used when underground conditions include high pressure and high
temperature. The main advantages of using this type of mud are
higher rate of penetration, reduction of mud losses during
circulation, wellbore stability while drilling clay formations (shale),
and reduction of torque (torsion) [8-11]. Despite the mentioned
advantages, due to high toxicity, the use of this type of mud is
limited in certain regions by strict legal regulations in the field of
environmental protection, as well as by the high cost [12],
especially in regard to water-based mud. As a result, water-based
mud is more often used for oil and gas drilling operations. This type
of mud consists mainly of fresh or salt water (90-95%), and the
aqueous solution contains polymers, clay minerals and various
chemical additives [13].

Many commercially available additives fall into the category of
non-degradable and environmentally hazardous materials [14],
which presents problems in the project preparation phase in a wider
part of the world. Also, it is important to note that significant
amounts of waste are generated during drilling, which must be
properly processed and disposed of during and after drilling
operations are concluded. The largest volume of waste during the
exploration and production phase is generated by produced water
that is an indispensable component with oil and gas production,
while drilling mud represents the second largest volume of waste
[15-16]. In addition to the environmental protection, a significant
problem is also the cost associated with disposing of this type of
waste. In some locations, there are other options for dealing with
this waste, such as injection in underground formations [16], but
reducing the amount of generated waste to the lowest possible value
as well as reducing its toxicity must be priority. Given the current
situation, there is a need to find and create new environmentally
friendly additives that ensure the achievement of all the necessary
mud properties on the level of commercially available additives, but
with minimal impact on the environment [17]. Therefore, in the last
few years, a lot of research has been actively conducted on the
possibility of using food waste [18-20] and other types of
biodegradable waste in the preparation of water-based drilling mud.
One of the types of biodegradable waste that could be useful for

these purposes is chicken egg shell, whose major constituent is
CaCOs; (94%), while calcium phosphate and magnesium carbonate
are at 1% each and other organic matter is at 4% [21,22]. Table 1
shows an overview of previous research on the impact of egg shell
on the filtration and rheological drilling mud properties. This eco-
friendly additive was added in different concentrations by volume
of base fluid. Results of these laboratory research shows that
filtration decreases in comparison to drilling mud without egg shell
powder, but rheological properties are not so clear as filtration
results. In these three papers influence of adding egg shell on
drilling mud resulted in decrease and increase of plastic viscosity
and yield point values, so this property must be investigated in
detail. Also, laboratory research of wellbore stability was not
investigated in mentioned papers and this is important to measure to
determine if this additive could be useful in more complex
underground conditions.

Table 1: The influence of the egg shell on the filtration and
rheological properties of drilling mud

Al-
References Ab Lahetal, | Hameedi Olamigoke et
2019 [22] et al., al., 2020 [24]
2020 [23]
Concentration
0.75and | 0.65,1.65, 3.34
(% by volume 6.8 j ' '
of base fluid) 15 5.08 and 6.87
Syntetic-based
fluid 153.43 g,
emulsifier 12
g, viscosifier B
79, lime 8 g, 700 mL stlatg?iml‘
Drilling mud fresh water water, 0.2 bentonité 0925
gr 65.74 g, salt g NaOH, .
formulation 23.48 42 g caustic potash,
10 §, 9 20 g KCI, 124-
weighting bentonite 128 g barite
agent 215.55 g
g, lost
circulation
material 15 g
The influence
. . Decrease at
of adding egg Slight Decrease lower
shell on decrease concentration
filtration
No significant Increase Decrease of
The influence change of of plastic T
. : - - plastic viscosity
of adding egg plastic viscosity and vield point
shell on viscosity and | and yield yiedp
. . ) values at lower
rheology yield point point concentration
values values
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2. Laboratory research

This paper presents the use of chicken egg shell powder as an
potential additive used to optimize drilling fluid properties without
negative environmental impact. Preparation of this material is done
in few steps, and first one is collecting egg shell that would
otherwise be a biodegradable waste. After the egg shells were
collected, it were placed in an oven for 48 h at a temperature of 90
°C in order to remove moisture from the shells, although this is not
an issue with this material. After 48 h of drying, egg shells were left
in a dry place one day and then grounded to get a powder using a
blender of 1500 W input power. The resulting powder was sieved
through screen which had a 0.10 mm opening in order to collect
particle sizes smaller than this value. Particle sizes that are collected
for this research are in the range that is common for conventional
additives used in water-based drilling mud. In order to examine the
impact of egg shell powder on the rheological, filtration properties
and swelling of artificial rock sample (pellet) that is a mixture of
50% of bentonite and 50% of quartz. Bentonite-based drilling mud
is selected as base mud and four types of drilling muds containing
egg shell powder with particles smaller than 0.1 mm (labelled with
A) were compared with based mud. Every water-based drilling mud
was prepared according to American Petroleum Institute Standards,
API Specification 13B-1 [25], and composition of mentioned
drilling muds is shown in Table 2.

Table 2: Drilling mud formulations

. Egg shell concentration added to drilling
Drilling mud mud (% by volume of water)
formulation

0 0.5 1 1.5 2
Drilling mud BM Al A2 A3 Al
mark
Water (ml) 1000 1000 1000 1000 1000
Bentonite (g) 60 60 60 60 60
NaOH (g) 1 1 1 1 1
Egg shell 0 5 10 15 20
powder (g)

3. Results and discussion
a) Effect of eqg shell powder on API filtration

Based on the results of API filtration (shown in Fig 1), by
increasing concentration of egg shell powder, the API filtration
reduces.

19.5
19
18.5

18

Filtrate volume (mL)

17.5

BM Al A2 A3 A4

Water-based drilling mud

Fig 1. APl filtration of all tested drilling muds
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From this graphic representation, it is visible that at lower
concentrations (0.5% and 1%) of added egg shell powder, there is a
significant increase in the volume of the filtrate compared to the
base mud. At higher concentrations (1.5% and 2%), there is a
significant reduction in filtration, but then only the results match the
base mud, so there is no progress compared to this drilling mud.

b) Effect of egqg shell powder on drilling mud rheology

Fig 2 shows the results of the plastic viscosity values for all five
tested water-based drilling muds. Plastic viscosity values are quite
similar regardless of the concentration of added egg shell powder to
base mud. At lower concentrations (0.5% and 1%) of added egg
shell powder there is no change in results in comparison with base
mud, and at higher concentrations (1.5% and 2%) only a slight
change is observed.
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Fig 2. Plastic viscosity values

Fig 3 shows the results of the calculated values of the yield
point. Although no continuous increase or decrease in value with
increasing concentration of added egg shell powder was noted, it is
clear that yield point value generally decreases with increase of egg
shell powder concentration.
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Fig 3. Yield point values

c) Effect of eqg shell powder on pellet swelling

Figure 4 shows the swelling of pellets that are placed in mud for
24 hours in cell of Dynamic Linear Swell Meter. Results are shown
as percentages after the pellet has been in contact with base mud
and muds that are containing egg shell powder in different
concentrations.
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After 24 hours, base mud in which 0.5% of egg shell powder is
added doesn't show any particular swelling reduction. The results
are significantly better when 1% to 2% egg shell powder is added to
the mud, and swelling is reduced up to 22.8% with 1.5% eggshell
powder in the water-based mud composition.

4. Conclusion

Based on the presented laboratory research, it can be concluded
that egg shell does not represent a material that can significantly
affect the properties of water-based drilling mud. Filtration
properties are not improved at all, and at lower concentrations (up
to 1%) they are even significantly worse. Regarding the rheology of
the mud, specifically the plastic viscosity and yield point, it can be
concluded that this property is not impaired, at least up to 1.5% of
added eggshell powder, considering that the only change was
observed for the yield point when adding 2% of this material to the
mud. The most pronounced positive influence was observed when
investigating the swelling of an artificial rock sample that has a
half-clay component in its composition, so it can be concluded that
the eggshell has a positive effect on this property. In future
research, it is necessary to examine the same properties at elevated
pressure and especially at elevated temperatures, and to include
several different groups of particle sizes.

5. References

[1] Pasi¢, B., Gaurina-Medimurec, N., Matanovi¢, D., Wellbore
Instability: Causes and Consequences, Rudarsko-Geolosko-
Naftni Zbornik, 19, 87-98 (2007)

[2] Pasi¢, B., Gaurina-Medimurec, N., Miji¢, P., Medved, L.,
Experimental research of shale pellet swelling in nano-based
drilling muds, Energies, 13, 6246 (2020)

[3] Ghaderi, S., Haddadi, S. A., Davoodi, S., Arjmand, M.,
Application of sustainable saffron purple petals as an eco-
friendly green additive for drilling fluids: A rheological,
filtration, morphological, and corrosion inhibition study,
Journal of Molecular Liquids, 315, 113707 (2020)

[4] Medhi, S., Chowdhury, S., Gupta, D. K., Mazumdar, A., An
investigation on the effects of silica and copper oxide
nanoparticles on rheological and fluid loss property of drilling
fluids. Journal of Petroleum Exploration and Production
Technology, 10, 91-101 (2020)

lkram, R., Mohamed Jan, B., Sidek, A., Kenanakis, G.,
Utilization of Eco-Friendly Waste Generated Nanomaterials in
Water-Based Drilling Fluids; State of the Art Review,
Materials, 14, 4171 (2021)

[6] Li, X., Jiang, G., He, Y., Chen, G., Novel starch composite fluid
loss additives and their applications in environmentally
friendly water-based drilling fluids. Energy Fuels, 35, 2506—
2513 (2021)

[5]

[7] Gaurina-Medimurec, N., Simon, K., Matanovi¢, D., Drill-In
Fluids Design Criteria, Nafta (Spec. Issue), 27-32 (2000)

28

[8] Gaurina-Medimurec, N., Horizontal Well Drill-In Fluids,
Rudarsko-Geolosko-Naftni Zbornik, 10, 73-76 (1998)

[9] Mowrey, C., Cameron, C., Achieving the Drilling Performance
Benefits of a Clay-Free System in a Variety of Commonly-used
Base Fluids. In Proceedings of the AADE Drilling Fluids
Technical Conference, Houston, TX, USA (2006)

[10] Ramasamy, J., Amanullah, M., Converting waste vegetable oil
to emulsifier for invert-emulsion oil based mud, In Proceedings
of the International Petroleum Technology Conference,
Beijing, China (2019)

[11] Mao, H., Yang, Y., Zhang, H., Zheng, J., Zhong, Y.,
Conceptual design and methodology for rheological control of
water-based drilling fluids in ultra-high temperature and ultra-
high pressure drilling applications. Journal of Petroleum
Science and Engineering, 188, 106884 (2020)

[12] Liu, X., Gao, Y., Hou, W., Ma, Y., Zhang, Y., Non-toxic high
temperature polymer drilling fluid significantly improving
marine environmental acceptability and reducing cost for
offshore drilling, In Proceedings of the International Petroleum
Technology Conference, Beijing, China (2019)

[13] Khodja, M., Khodja-Saber, M., Canselier, J. P., Cohaut, N.,
Bergaya, F., Drilling fluid technology: performances and
environmental considerations, Products and services; from
R&D to final solutions, 227-256 (2010)

[14] Zheng, Y., Amiri, A., Polycarpou, A.A., Enhancements in the
tribological performance of environmentally friendly water-
based drilling fluids using additives, Applied Surface Science,
527, 146822 (2020)

[15] Haut, R. C., Rogers, J. D., Mcdole, B. W., Burnett, D., Olatubi,
0., Minimizing Waste during Drilling Operations, In
Proceedings of the AADE National Technical Conference and
Exhibition, Houston, TX, USA, 10-12. (2007)

[16] Gaurina-Medimurec, N.; Pasi¢, B.; Miji¢, P.; Medved, 1. Deep
underground injection of waste from drilling activities—An
overview, Minerals, 10, 303 (2020)

[17] Zhang, J., Chen, G., Yang, N.-W., Wang, Y.-G., Preparation
of nitration-oxidation lignosulfonate as an eco-friendly drilling
fluid additive. Petroleum Science and Technology, 32, 1661—
1668 (2014)

[18] Haider, S., Messaoud-Boureghda, M. Z., Aknouche, H.,
Akkouche, A., Hammadi, L., Safi, B., An ecological water-
based drilling mud (WBM) with low cost: Substitution of
polymers by wood wastes, Journal of Petroleum Exploration
and Production Technology, 9(1), 307-313 (2019)

[19] Medved, 1., Gaurina-Medimurec, N., Novak Mavar, K., Miji¢,
P., Waste mandarin peel as an eco-friendly water-based
drilling fluid additive. Energies, 15(7), p.2591 (2022)

[20] Medved, I., Gaurina-Medimurec, N., Pasi¢, B., Miji¢, P.,
Green Approach in Water-Based Drilling Mud Design to
Increase Wellbore Stability, Applied Sciences, 12(11), p.5348
(2022)

[21] Mittal, A., Teotia, M., Soni, R.K., Mittal, J., Applications of
egg shell and egg shell membrane as adsorbents: a
review. Journal of Molecular Liquids, 223, pp.376-387 (2016)

[22] Ab Lah, N.N., Ngah, K., Sauki, A., Study on the viability of
egg shell as a lost circulation material in synthetic based
drilling fluid, In Journal of Physics: Conference Series (Vol.
1349, No. 1, p. 012135). IOP Publishing (2019)

YEAR XI, ISSUE 1, P.P. 26-29 (2023)



INTERNATIONAL SCIENTIFIC JOURNAL "INNOVATIONS"

WEB ISSN 2603-3771; PRINT ISSN 2603-3763

[23] Al-Hameedi, A.T., Alkinani, H.H., Dunn-Norman, S.,
Hamoud, Z.A., Investigation Study of the Effectiveness of
Eggshells Powder as a Multifunctional Eco-Friendly Additive
in Water-Based Fluid, In Proceedings of the 54th US Rock
Mechanics/Geomechanics Symposium, Golden, CO, USA, 28
June-1 July (2020)

[24] Olamigoke, O., Aghante, T.T., lyalla, F., An Experimental
Study of Effects of Egg Shell and Snail Shell Powder on
Rheological and Filtration Properties of Potassium Chloride
Polymer Drilling Fluids. Petroleum & Coal, 62(4) (2020)

[25] API, R. 13B-1, Recommended Practice for Field Testing
Water-Based Drilling Fluids, and ISO 10414-1, American
Petroleum Institute, (2003)

29

YEAR XI, ISSUE 1, P.P. 26-29 (2023)





