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Abstract

Cement production is one of the leading causes of CO;
emissions. As operators strive to minimize their carbon
footprint, reducing cement volumes will be both beneficial from
a CO; and cost-efficiency standpoint. Pozzolanic materials such
as silica fume and fly ash have become commonplace in cement
systems due to their cementitious properties and lower cost.
Another type of pozzolanic material is shale, which is prevalent
in nearly all wells drilled today. In this paper, an investigation
on using Eagleford cuttings as a cement replacement material
in Texas surface systems has been conducted. Mixability,
rheologies, pumpability, and compressive strength testing were
performed on the cement-cuttings systems and compared to a
conventional surface cement system. It was found that systems
containing up to 50% cuttings achieved the necessary properties
required by the state of Texas. There have been nearly 4,500
new drill permits issued in the state of Texas from January to
August 2024; for each surface job requiring 100,000 pounds of
cement, replacing half of this with cuttings would lead to nearly
100,000 tons of CO; reduction across the state of Texas. Not
only would this replacement reduce emissions, but utilizing
drill cuttings would also lessen disposal and transportation costs
and reduce potential risks to both the environment and
population.

Introduction

Wellbore integrity is critical to ensuring safe practices
throughout a well's life. One of the primary factors pertaining
to wellbore integrity is cement; from slurry design to job
execution and beyond, cement is critical to ensuring that a
wellbore can withstand the harsh downhole conditions during
completion,  production,  workover  operations, and
abandonment. Slurry design is dictated by several factors,
including but not limited to operator requirements, government
regulations, downhole conditions, material availability, and
cost.

Globally, cement manufacturing is responsible for
approximately 8% of global carbon dioxide (CO,) emissions
and is expected to increase 4% by 2050 (Zhaurova et al., 2021;
Andrew, 2019; IEA, 2018). In an attempt to minimize
emissions associated with cement, companies will often use
alternative pozzolanic or supplementary cementitious materials
(SCM) in cement designs. Pozzolanic materials are alumino-

silicious in nature and react with calcium hydroxide during
hydration to form calcium-silicate-hydrate (C-S-H), calcium
aluminate hydrate (C-A-H), and/or calcium aluminosilicate
hydrate (C-A-S-H) (Kasaniya et al., 2020; Gartner, 2004; IEA,
2018). Common types of pozzolanic material used in wellbore
cement systems include but are not limited to fly ash,
metakaolin, silica fume, silica powder, ground granulated blast
furnace slag (GGBFS), and pumice (Jaskulski et al., 2020).

While many of these pozzolans are readily available due to
how they are sourced, others, such as fly ash and GGBFS, are
dependent upon variable processes. Fly ash is a by-product of
coal combustion, and as coal continues to be phased out as an
energy source, the availability of fly ash will decline;
projections show that the baseline forecast of fly ash production
from 2018 to 2039 will have decreased by 14.9% and have a
projected average annual growth rate of -0.8% while utilization
is set to increase by 38% (Black & Nada, 2020). GGBFS is a
by-product of iron or steel manufacturing, a process highly
dependent on demand. Natural pozzolans (NP’s) include
volcanic ash (pumice), clay, and shale. These NP’s can be
added to cement as a raw material or after calcination (Barger
et al., 2001). In today’s wellbores, it is thought that
approximately 75% of formations drilled are shale, meaning, in
theory, that roughly 75% of all drill cuttings are also shale
(Gholami et al., 2020). The United States is the global leader in
shale production with the Eagleford being one of the highest
contributing basins (U.S. E.lLA., 2024). Mineralogy of the
lower Eagleford shale shows that the composition consists of
calcite and quartz with lesser amounts of plagioclase, pyrite,
and muscovite/kaolinite, among other minerals (Cho et al.,
2016).

This paper investigates the feasibility of using Eagleford
shale drill cuttings as an SCM in wellbore barrier sheaths.
Laboratory testing on cement systems with varying cement-
cuttings ratios has been conducted to understand the feasibility
of using cuttings as a barrier material and viable concentrations.

Benefits of Using Cuttings as an SCM in Wellbore
Barrier Systems

For each well drilled, tons of drill cuttings are produced; the
actual volume can vary based on depth of well and hole
cleaning capabilities. Once the cuttings are brought to surface,
they must be cleaned to remove any residual drilling mud and
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disposed of; both are costs that fall on the operator. For onshore
operations, disposal can be done via landfarming or
landspreading, incineration, injection, stabilization or
solidification, burial, landfill, or reuse (Clements et al., 2010).
In North America land, not all of these options are regulatorily
feasible, and regardless of the method, risks are present to both
the populace and the environment.

It has been estimated that for every foot drilled,
approximately 1.21 barrels of waste is created, 26-50% of
which is solid waste (API, 2000). A new estimate for E&P drill
cuttings waste generation in 2016 was 33.5 million barrels (U.S.
E.P.A., 2019). In the Eagleford basin, formation depths can
range anywhere from 2,000 feet to 14,000 feet, and measured
depths of the wells can be in excess of 25,000 feet (U.S. E.L A,
2014). For a 25,000-foot well, there is a possibility for up to
15,125 barrels of drill cuttings to be produced; disposal costs
can range from $2-$40 per barrel, meaning that it could cost
operators upwards of $600,000 to get rid of the cuttings (Puder
& Veil, 2007). While not all cuttings are from the target shale
formation, replacing 25% of cement in a wellbore barrier
surface system with cuttings could considerably decrease
disposal costs.

Outside of cost, another benefit to using cuttings within a
wellbore barrier system is the reduction in greenhouse gas
emissions associated with cement. While there is no absolute
number, for every ton of cement produced approximately 1 ton
of CO; is generated (Hanle et al., 2004). Using the Eagleford as
an example, if a surface cementing job requires 100,000 pounds
of cement, replacing 25% with cuttings would amount to over
12 tons of CO; emissions reduction in a single wellbore.
Additional emission reduction due to transportation to the
cuttings' cleaning and/or disposal facility is also likely.

Experimental Methods

The cement-cuttings systems described in this work were
based on the current surface and intermediate tail system
designs used by Exero Well Integrity in South Texas. The
cuttings were obtained from an operator in the Eagleford basin
and transported to a recycling center outside San Antonio,
Texas, where they were cleaned and allowed to dry.

Cuttings samples were sent to the Exero Research &
Development lab, where both system design and laboratory
testing occurred. A 15PPG density design is used for the surface
tail systems, and 25% and 50% of the cement was replaced by
Eagleford cuttings. This is similar to adding fly ash to barrier
systems in that an alternative pozzolanic material replaces a
portion of the necessary blend material. All other additive
concentrations were kept the same. 15.5PPG intermediate tail
systems containing cuttings were designed per the same
process. Due to the material properties of the cuttings, the
volume of mix fluid decreased as cuttings concentration within
the blend increased. An example of the Eagleford cuttings used
for this research can be seen in Figure 1.
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Figure 1. Eagleford cuttings sample,

The dry materials were weighed out and combined. Mix
water is then weighed, and the system is blended according to
API standard RP-10B2. Mixability is observed for all systems
to ensure workability. After the systems were found to be
mixable, additional testing was performed to determine whether
the systems met TRRC requirements. An ultrasonic cement
analysis (UCA) is done on each system to determine
compressive strength (CS) during the early hydration period.
CS values must meet TRRC 24- and 72-hour CS requirements
to be pumped within the state. The systems are conditioned for
30 minutes and placed on an R1B1 viscometer setup; shear
stress is found over varying shear rates, and both plastic
viscosity and yield points are determined. Additional tests that
have been conducted on the systems for this initial study are
free water or fluid testing; this is done by conditioning slurries
at downhole temperatures for 30 minutes, then 250mL of the
heated slurry is poured into a glass graduated cylinder and
allowed to rest untouched for 2 hours to determine the amount
of water that is coming out of the system downhole. For the
surface and intermediate strings, the graduated cylinder was
kept at 90 degrees to simulate the hole inclination. Thickening
time testing was done on the 25% cuttings surface tail system
to determine how the cuttings affect pumpability when
compared to the conventional cement system.

Results

Laboratory testing on surface and intermediate tail systems
containing 25% and 50% cuttings is performed to determine
whether TRRC cementing requirements are met. The CS,
rheology, and free water results are described below.

Surface Tail Systems

Testing on South Texas surface tail systems began by taking
an existing surface tail system and incorporating 25% and 50%
cuttings. Mixability of the cuttings systems is performed during
the blending process and appeared comparable to the
conventional 15PPG surface tail system; vortex size is noted for
the systems during the high speed mixing portion of blending
and there is no visible separation of the cuttings once mixing
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was complete. An image of the 25% cuttings system during
blending is shown in Figure 2.
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Figure 2. Mixability of the 25% cuttings surface tail system.

The surface tail systems are put on the UCA and subjected
to downhole temperature and pressure for 72 hours. CS
measurements are recorded every minute for the duration of the
test. UCA results for the conventional (no cuttings) surface tail
system, 25% cuttings surface tail system, and 50% cuttings
surface tail system are shown in Figure 3.

4500
4000
@ 3500
3000
2500

.2 2000

o
o
=3

1000

Compressive Strength (psi)

500

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (min)

—e—Conventional —#—25% Cuttings —#&—50% Cuttings

Figure 3. UCA results for the conventional, 25% cuttings, and 50%
cuttings Eagleford surface tail systems.

Table 1 summarizes CS values with time for the three
15PPG surface tail systems.

Table 1. Summary of surface tail slurry compressive strength results.

Conventional 25% 50%
Cuttings Cuttings
Time to 50psi (hh:mm) 3:26 2:46 4:30
Time to 500psi (hh:mm) 9:48 6:18 13:35
24-Hour C.S. (psi) 1,905 1,868 707
48-Hour C.S. (psi) 2,630 2,420 930
72-Hour C.S. (psi) 2,978 2,729 1,036

Both surface and downhole rheologies are determined for
the three surface tail systems; a comparison of the downhole
rheology results for the systems is shown in Figure 4.
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Figure 4. Downhole rheologies for the conventional, 25% cuttings
and 50% cuttings surface tail systems.

Free fluid tests were performed on the surface tail systems.
The 15PPG conventional surface tail exhibited 1mL of free
fluid or 0.4%. For the 15PPG surface tail system with 25%
cuttings, there was less than 1mL of free fluid. Free fluid results
for the 15PPG surface tail with 50% cuttings yielded 1mL
(0.4%) of free fluid. None of the surface tail systems exhibited
settling and no channels or striations were visible.

Intermediate Tail Systems

Initial testing of cuttings replacement was done on 16.2PPG
intermediate tail systems; mixability was poor with the
additives and concentrations that were used in the conventional
system. A lighter density system is also regularly pumped in the
basin; for this reason, a 15.5PPG slurry was designed to observe
the effect of cuttings replacement on cement for the
intermediate string. Mixability of the 15.5PPG intermediate tail
system containing 50% cuttings is shown in Figure 5.

Figure 5. Mixability of the 50% cuttings intermediate tail system.

CS testing was done on the conventional 16.2PPG
intermediate tail, conventional 15.2PPG intermediate tail,
15.5PPG 25% cuttings tail, and 15.5PPG 50% cuttings tail, and
the 72-hour UCA results for the aforementioned systems are
shown in Figure 6.
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Figure 6. UCA results for the conventional 15.2PPG, conventional
16.2PPG, 15.5PPG 25% cuttings, and 15.5PPG 50% cuttings
Eagleford intermediate tail systems.

CS over time for the four intermediate tail systems is shown
in Table 2.

Table 2. Summary of intermediate tail slurry compressive strength
results.

Conventional ~ Conventional 25% 50%
15.2PPG 16.2PPG Cuttings Cuttings

Time to

50psi 5:17 7:36 2:48 4:23
(hh:mm)
Time to

500psi 5:24 8:46 6:49 18:39
(hh:mm)
24-Hour

C.S. (psi) 2,535 3,680 1,173 578
48-Hour

C.S. (psi) 3,453 4,062 1,680 863
72-Hour

C.S. (psi) 3,677 4,394 2,018 1,053

Downhole rheology results at varying shear rates for the
15.2PPG and 16.2PPG conventional cement intermediate tail
systems and the two 15.5PPG cuttings systems are shown in
Figure 7.
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Figure 7. Downhole rheologies for the conventional 15.2PPG,
conventional 16.2PPG, 15.5PPG 25% cuttings, and 15.5PPG 50%
cuttings intermediate tail systems.

Free fluid or free water tests were performed on the four
intermediate tail systems. For both the 15.2PPG and 16.2PPG
conventional intermediate cement tails, no free water was
observed. For the 15.5PPG intermediate tail with 25% cuttings,
there was less than 1mL, or below 0.4%, free water after the
two-hour static period. The 15.5PPG intermediate tail system
with 50% cuttings yielded OmL of free water. None of the
intermediate tail systems appeared to have any settling,
channeling, or banding.

Discussion
The testing for both the surface and intermediate tail
systems has been analyzed and is described in this section.

Surface Tail Systems

Mixability of the surface tail systems containing 25% and
50% cuttings proved unproblematic. Because particle size of
the cuttings was not homogeneous, it was initially unknown
whether the system would have mixing issues and how this
would affect the water/solid ratio. A wide and deep vortex was
present for both cuttings systems (Figure 2), and no settling
occurred once blending was stopped. The systems could also be
poured easily, and no large particles appeared to have
conglomerated within the slurry.

UCA results show that both 15PPG surface tail systems with
cuttings achieved CS over 1,000psi after 72 hours, as shown in
Figure 3. The 25% cuttings system had compressive strengths
that were not vastly different from those of the conventional
surface tail system; 72-hour compressive strengths varied by
less than 250psi. The surface tail system containing 50%
cuttings showed a lower 72-hour compressive strength,
reaching only about a third of what the conventional system
achieved.

The system containing 25% cuttings hit 50- and 500psi
before either the conventional or the 50% cuttings slurry,
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indicating that the cuttings may aid in hydration and strength
enhancement at this concentration. This could be due, in part,
to the particle size of the cuttings; smaller particle sizes have
larger surface areas and allow for higher nucleation sites during
hydration. After 24 hours, the conventional system began to
exhibit higher compressive strengths with time, likely due to the
functionality of the additives. While the 50% cuttings system
began to build strength early on, strength development slowed
after 24 hours. There are a number of reasons that could cause
this, including but not limited to composition/mineralogy of the
cuttings, residual oil on the cuttings that could hinder strength
development, the cuttings not promoting C-S-H formation and
critical microstructure, and/or the UCA was not able to
accurately determine the compressive strength of the system
with that high of cuttings concentration.

Rheological testing showed that the surface tail system
containing 25% cuttings had slightly higher shear stress than
the conventional 15PPG tail, but this difference has the
potential to be minimized with dispersant (Figure 4). The 50%
cuttings system had much higher shear stress compared to the
traditional and 25% 15PPG surface systems; this indicates that
the addition of cuttings to a 15PPG system leads to an increase
in viscosity, potentially due to the decrease in mix fluid with
increasing cuttings concentration.

Free fluid results for the conventional surface tail system
and the 50% cuttings surface tail system were identical. The
slurry with 25% cuttings had the lowest free fluid of the three,
with 0% loss. TRRC free water requirements must be less than
2mL per 250mL, meaning both cuttings' surface tail systems
meet these conditions (TRRC, 2025). Thickening time tests for
the surface tail systems with 25% cuttings were run to observe
how the cuttings affect pumpability and placement time; it was
found that the surface system with cuttings was significantly
shorter than the conventional surface tail systems, indicating
that the cuttings may have an accelerating effect. This can be
adjusted by increasing the retarder concentrations in the
slurries.

Intermediate Tail Systems

For the 25% and 50% cuttings 15.5PPG intermediate tail
systems, mixability was adequate and comparable to the
conventional intermediate tail systems. While the cuttings did
appear to make the system thicker than with just cement, a
sizeable vortex was able to be formed, as evidenced in Figure
5, and there was no issue pouring the cement once blended. No
cuttings separation was visible post mixing, and no
agglomerations were observed within the system.

UCA results for the 15.5PPG intermediate tail systems
containing cuttings, which can be seen in Figure 6 and further
described in Table 2, show that the development of early CS
was achieved before the conventional intermediate cement
systems. In comparison to the 15.2PPG conventional
intermediate tail system, the 15.5PPG system with 25% cuttings
reached 50psi in almost half the time while the 50% system was
able to hit 50psi nearly an hour before; the 16.2PPG system took
the longest of the intermediate tail systems to begin building
compressive strength reaching 50psi in over 7.5 hours. Once the

systems began building CS, the conventional 15.2PPG,
16.2PPG, and the system with 25% cuttings continued to build
strength quickly, achieving 500psi in approximately 5.50 hours,
8.75 hours, and 6.82 hours, respectively. The 15.5PPG system
with cuttings took 18.65 hours to reach 500psi, significantly
longer than the other intermediate systems.

72-hour CS results show that the systems containing
cuttings were lower than the conventional cement systems. For
the 25% cuttings system, the CS reached over 2,000psi, meeting
TRRC intermediate cement string CS requirements. The 50%
cuttings system achieved over 1,000psi CS but did not meet the
1,200psi TRRC CS requirements. These results show that the
cuttings do not inhibit hydration under downhole conditions
and indicate that there is likely a maximum value of cuttings
that can be used to meet the TRRC CS requirements. In
conventional cement systems, CS values often stabilize before
72 hours; the 15.5PPG intermediate tail systems containing
cuttings showed that CS continued to build past 72 hours.

Rheological testing on the conventional intermediate tail
systems and the 15.5PPG system with 25% cuttings appear to
follow similar trends. Plastic viscosity for the conventional
15.2PPG, 16.2PPG, and 15.5PPG 25% cuttings systems were
134.7cP, 184.7cP, and 92.4cP with yield points being
83.81bf/100ft?, 24.31bf/100ft?, and 25.3Ibf/100ft?, respectively.
The 25% cuttings system and 16.2PPG conventional system
had similar yield points, but the plastic viscosity of the 25%
cuttings system was less than half of the conventional 16.2PPG
system, meaning that these two systems would require the same
force to be pumped; plastic viscosity of the 25% cuttings system
was less than half of the 16.2PPG conventional system. For the
15.5PPG system with 50% cuttings, a spike in shear stress
readings at 60 and 100 RPMs is seen. Knowing that the cuttings
are not homogenous, it is possible that the R1/B1 viscometer
geometry is too thin and should be altered to account for larger
particle sizes (Kulkarni et al., 2016). The 25% cuttings system
had lower shear stress than the two conventional systems, while
the 50% cuttings system had higher shear stress; this could be
due to the water-solids ratio and slurry thickness.

Free fluid results on the conventional 15.2PPG, 16.2PPG,
15.5PPG with 25% cuttings, and 15.5PPG with 50% cuttings
intermediate systems all met TRRC free water requirements
and suggest that the water within the systems is promoting
hydration. Neither the 25% cuttings system nor the 50%
cuttings system showed striations or settling after sitting static
for the two-hour test period. From the free fluid test, the
15.5PPG intermediate tail systems with cuttings are stable and
yield homogeneous properties when placed downhole
(DeBruijn & Whitton, 2021).

Future Work

While initial testing on Eagleford cuttings as an SCM
proved promising, further testing and analysis need to be done
to ensure the feasibility of the cuttings for use downhole. In
regard to standard laboratory testing, fluid loss and static gel
strength testing will be done to ensure that the system is fit to
be pumped, prevent fluid migration, and maintain wellbore
integrity over the life of the well. Crush testing on the systems
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will also be conducted to validate compressive strength results;
due to the nature of the UCA algorithm, novel materials such as
cuttings may fully or partially invalidate the algorithm and
result in incorrect compressive strength readings. This could be
especially prevalent in the samples containing 50% cuttings;
while the UCA asserts that compressive strengths for the
systems with 50% cuttings are below the TRRC regulatory
standards, crush testing could prove otherwise.

Optical microscopy will be done on the samples containing
various ratios of cuttings to analyze surface porosity and
permeability. Scanning electron microscopy (SEM) will also be
performed to determine whether microstructural differences are
occurring in systems containing cuttings and ensure that
hydration products are present and stable. Electron dispersive
spectroscopy (EDS) will be conducted to understand any
abnormalities or anomalies in the cuttings systems when
compared to conventional cement systems.

Yard trials will be carried out to ensure that there are no
issues mixing and blending the cement-cuttings systems and to
ensure that all personnel are aware of any necessary safety
measures. If successful, a field trial on the systems will be
performed and monitored over time. Material compatibility,
specifically regarding additives, should also be studied.
Additives that work well in cementitious systems may not work
as well or at all in the presence of cuttings, and understanding
the severity of this is beneficial for future designs.

Conclusions

Utilization of Eagleford drill cuttings as supplementary
cementitious material has been investigated to determine
practicality in downhole barrier sheath systems. Results from
the testing indicate the following:

e UCA results showed that the systems containing
25% cuttings had compressive strengths that met
or exceeded TRRC requirements while the systems
with 50% cuttings did not; this indicates that there
is a limit to the amount of cuttings that can be used
in the current surface and intermediate tail
systems. Altering additive concentrations,
densities, water-solid ratios, and cuttings
composition could change this upper limit.

e The addition of cuttings on compressive strength
needs to be further studied via crush testing to
ensure accurate results. This should also be done
on samples cured for various lengths of time to
determine how the cuttings affect strength during
the early hydration period and beyond.

e Both surface and intermediate systems containing
cuttings showed minimal free water and met
TRRC requirements. This could indicate that the
cuttings promote hydration over time and barrier
systems containing cuttings are stable under
downhole conditions.

e  Future work to continue understanding the effect
that the cuttings have in wellbore barrier systems
needs to be done to ensure that systems are feasible

downhole material for the life of the well. In
addition to lab testing, microscopy should be
performed on both the cuttings and the barrier
systems containing cuttings to understand
composition and any compositional abnormalities
within the cuttings, microstructure of the hardened
systems, and any variable by-products formed
during hydration of the barrier systems.

Replacement of cement with cuttings has a number of
benefits both from a cost and environmental standpoint. While
the state of Texas currently does not condone the use of filler
material within the surface string barrier system, there is a case
for the utilization of cuttings. Unlike other materials, cuttings
originate from the same downhole environment in which they
can be returned, thus making them a native material. TRRC
regulations do not have any specifications on materials for the
intermediate and production strings, meaning that cuttings
could be used within barrier systems for these strings in the near
future.

Utilizing cuttings within a wellbore barrier system reduces
material and transportation costs needed to obtain materials;
this, in turn, can also reduce emissions associated with various
forms of transportation. As global population increases and
industries look to meet net zero emissions, cement availability
for use in wellbores may become more scarce; using a readily
available material often thought of as a waste could prove even
more advantageous over time.

Acknowledgments
The authors of this paper would like to thank Morgan
Meneely for her help with preliminary research for this paper.

References

American Petroleum Institute (API). 2000. Overview of Exploration
and Production Waste Volumes and Waste Management Practices
in the United States Based on API Survey of Onshore and Coastal
Exploration and Production Operations for 1995 and API Survey
of Natural Gas Processing Plants for 1995. May 2000.

Andrew, R.M. 2019. Global CO2 emissions from cement production,

1928-2018. In Earth System Science Data 11(2019): 1675-1710.

Barger, G.S., Hansen, E.R., Wood, M.R., Neary, T., Beech, D.J. &
Jaquier, D. 2001. Production and Use of Calcined Natural
Pozzolans in Concrete. In Cement, Concrete & Aggregate 23(2):
73-80.

Black, A.P. and Nada, L. “The U.S. Fly Ash Market: Production &
Utilization Forecast American Coal Ash Association 2020
Edition”, Ash at Work, Issue 1, 2020, https://acaa-usa.org/wp-
content/uploads/ash-at-work/ASH01-2020.pdf.

Cho, Y., Eker, E., Uzun, U., Yin X. & Kazemi, H. 2016. Rock
Characterization in Unconventional Reservoirs: A Comparative
Study of Bakken, Eagle Ford, and Niobrara Formations. Presented
at the SPE Low Perm Symposium, Denver, Colorado, 5-6 May.
SPE-180239-MS.

Clements, K., Veil, J.A. and Leuterman, A.J.J. 2010. Global Practices
and Regulations for Land Application and Disposal of Drill
Cuttings and Fluids. Presented at the SPE International Conference
on Health, Safety and Environment in Oil and Gas Exploration and
Production, Rio de Janeiro, Brazil, 12-14 April.

DeBruijn, G. & Whitton, S.M. “Fluids.” In Applied Well Cementing



https://acaa-usa.org/wp-content/uploads/ash-at-work/ASH01-2020.pdf
https://acaa-usa.org/wp-content/uploads/ash-at-work/ASH01-2020.pdf

AADE-25-NTCE-015 Eagleford Cuttings as Cement Replacement Material

Engineering, 1st ed., edited by G. Liu, 163-251. Gulf Professional
Publishing, 2021.

Gartner, E. 2004. Industrially interesting approaches to “low-CO.”
cements. In Cement and Concrete Research 34(9): 1489-1498).
Gholami, R., Raza, A., Rabiei, M., Fakhari, N., Balasubramaniam, P.,
Rasouli, V. and Nagarajan, R. 2020. An approach to improve
wellbore stability in active shale formations using nanoparticles.

In Petroleum 7(2021): 24-32.

Hanle, L.J., Jayaraman, K.R. and Smith, J.S. 2004. CO2 Emissions
Profile of the U.S. Cement Industry. Washington DC:
Environmental Protection Agency 10(2004).

International Energy Agency (IEA). 2018. Technology Roadmap
Low-Carbon  Transition in  the  Cement  Industry.
https://www.iea.org/reports/technology-roadmap-low-carbon-
transition-in-the-cement-industry.

Jaskulski, R., Jozwiak-Niedzwiedzka, D. and Yakymechko, Y. 2020.
Calcined Clay as Supplementary Cementitious Material. In
Materials 13(2020): 4734.

Kasaniya, M., Thomas, M.D.A. and Moffatt, E.G. 2020. Pozzolanic
reactivity of natural pozzolans, ground glasses and coal bottom
ashes and implication of their incorporation on the chloride
permeability of concrete. In Cement and Concrete Research
139(2021): 106259.

Kulkarni, S.D., Savari, S. & Fowler, D. 2016. Predicting Rheology of
Drilling Fluids Containing Large Sized LCM’s. Presented at the
2016 AADE Fluids Technical Conference and Exhibition,
Houston, Texas, 12-13 April. AADE-16-FTCE-67.

Puder, M.G. and Veil, J.A. 2007. Options, Methods, and Costs for
Offsite Disposal of Oil and Gas Exploration and Production
Wastes. In SPE Proj Fac & Const 2(04): 1-5.

U.S. Energy Information Administration (U.S. E.lLA.). 2014. Updates
to the EIA Eagle Ford Play Maps.
https://www.eia.gov/maps/pdf/eagleford122914. pdf.

U.S. Energy Information Administration (U.S. E.lLA.). 2024. U.S.
shale natural gas production has declined so far in 2024.
https://www.eia.gov/todayinenergy/detail. php?id=63506.

U.S. Environmental Protection Agency (U.S. E.P.A.). April 2019).
Management of Exploration, Development and Production
Wastes: Factors Informing a Decision on the Need for Regulatory
Action.

Zhaurova, M., Soukka, R. and Horttanainen, M. 2021. Multi-criteria
evaluation of COz utilization options for cement plants using the
example of Finland. In International Journal of Greenhouse Gas
Control 112(2021): 103481.

S.A., Luyster, M.R., and Patel, A.D. 2006. “Dual Purpose Reversible
Reservoir Drill-In Fluid Provides the Perfect Solution for Drilling
and Completion Efficiency of a Reservoir.” SPE/IADC Indian
Drilling Technology Conference, Mumbai, India, Oct 16-18, 2006.
SPE-104110-MS.
https://doi.org/10.2118/10410-MS



https://www.iea.org/reports/technology-roadmap-low-carbon-transition-in-the-cement-industry
https://www.iea.org/reports/technology-roadmap-low-carbon-transition-in-the-cement-industry
https://www.eia.gov/maps/pdf/eagleford122914.pdf
https://www.eia.gov/todayinenergy/detail.php?id=63506
https://doi.org/10.2118/10410-MS

